
www.drvet.in 
 

CHAPTER-1: GENERAL ORGANIZATION OF ENDOCRINE 
SYSTEM 

Learning objectives 

The outcome of this chapter helps to  

 Understand the location of different endocrine glands 
 Know the functions of endocrine factors 
 Know the interrelationship between endocrine and nervous system 
 Understand the involvement of endocrine system in animal reproduction and 

production. 

GENERAL ORGANIZATION OF ENDOCRINE SYSTEM 
INTRODUCTION 

 Organs and sytems in the body need to communicate with each other so that 
homeostasis is maintained. 

 Cells use either chemical and/ or electrical signals to communicate with each other. 

Cell-to-cell communication 

 Cells can communicate by direct transfer of electrical or chemical signals through 
gap junctions (proteins side-by-side with a hole down the middle) that connect cells 
to each other. 

 Chemical signals are three types 
o Autocrines are chemicals that are produced by a cell and act on the same 

cell 
o Paracrines are chemicals that are produced by one cell and act on nearby 

cells by diffusing locally through the ECF 
o Endocrine substances are chemicals that travel long distances through 

blood 

ENDOCRINE SYSTEM 

 A wide variety of physiological processes are carried out by the endocrine system 
through chemical messengers called “hormones”. 

 The endocrine system consists of many ductless glands which secrete hormones directly 
into the blood stream. These hormones affect processes like metabolism, sex drive etc. 

 N ervous system is wired control system of the body whereas endocrine system is the 
wireless control system 

 A hormone is a specific messenger molecule synthesized and secreted by an endocrine 
gland or a group of specialized cells. These glands are ductless, which means that their 
secretions (hormones) are released directly into the blood stream and travel to elsewhere 
in the body to target organs, upon which they act. This is in contrast to other types of 
glands in the body such as salivary and sweat glands, which have ducts for carrying the 
secretions to the points/locations of action 
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ENDOCRINOLOGY 

 A science dealing with ductless (endocrine) glands. Greek word "endo" (within) + 
"krinein" (separate) 

 Modern (broad) definition of endocrinology - the study of the adjustments of 
homeostatic and other activities accomplished by chemical messengers. 

ENDOCRINE GLANDS 

Endocrine 
gland 

Location / 
description of the 
endocrine gland 

Major hormones 
secreted 

Chemical 
class 

Hypothalamus Part of the brain that 
acts as the main 
control center for the 
autonomic nervous 
system, re-
establishes 
homeostasis, and 
coordinates the 
endocrine system 
Often called the 
“master 
gland”because it 
secretes hormones 
that control other 
endocrine glands 

GHRH, TRH, CRH, 
GnRH, 
Somatostatin,  
PIF 

Peptide 

Anterior 
pituitary 

Located in the 'sella 
turcica' at the base of 
the brain 

STH or GH, 
Prolactin, TSH, 
ACTH, FSH, LH 

Polypeptide/ 
protein 

Posterior 
pituitary 

Neurological origin. 
Does not synthesize 
any hormones but 
releases two 
hormones which are 
synthesized in the 
hypothalamus 

Oxytocin, 
Vasopressin/ADH 

Peptide 

Thyroid gland “Butterfly - shaped” 
gland located on 
either side of 1st and 
2nd tracheal rings in 
the neck 

Thyroxine 
Tri-iodothyronin 

Amino acid 
derived 

Calcitonin Polypeptide 

Parathyroid Located on the back 
of the thyroid gland 

PTH Polypeptide 
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Pancreas Islets of Langerhans Insulin 
Glucagon, 
Somatostatin, 
Pancreatic 
polypeptide 

Protein 

Adrenal gland Located like a cap at 
the cranial border of 
the kidneys 

Glucocorticoids, 
Mineralocorticoids 
Sex steroids 

Steroids 

Epinephrine 
Norepinephrine 

Amine 

Ovaries Primary reproductive 
organs of a female 

Estrogen, 
Progesterone 

Steroids 

Inhibin, Relaxin, 
Activin, Follistatin, 
Oxytocin, GFs, etc. 

Protein 

Testes Male reproductive 
organ that produce 
sperm. Located in 
the scrotum outside 
the abdominal cavity 
in most mammals” 
and within the 
abdominal cavity in 
birds 

Testosterone Steroids 

Inhibin Protein 

Thymus Located between the 
lobes of the lungs in 
the upper chest 
cavity 

Thymosin Peptide 

Pineal gland Small pine cone - 
shaped structure 
located deep in the 
center of the brain 

Melatonin Amine 

Heart Located in the 
thoracic cavity 

Atrial natriuretic 
peptide 

Polypeptide 

Kidney Located in the 
abdominal cavity at 
sub lumbar level 

Erythropoietin Polypeptide 

GI tract Located in the 
abdominal cavity 

Gastrin 
Secretin 
Cholecyctokinin 

Polypeptide 
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Placenta Temporary 
endocrine gland, 
located within the 
uterus during 
gestation 

Progesterone Steroids 

Estrogen 

hCG Glycoprotein 

PMSG 

Protein B 

Relaxin Polypeptide 

Placental lactogen 

GENERAL 
FUNCTIONS OF 

ENDOCRINE 
SYSTEM 

 Maintain homeostasis  
 Control chemical and water balance in body  
 Control growth and metabolism 
 Control embryonic development and preparation for nurturing a newborn 
 Influence sexual behavior, stimulate growth and maturation of the genitalia 
 Feedback to the nervous system 
 Regulating red cell production 
 Inducing adaptive changes to stress 

EFFECT OF HORMONES ON CELL STRUCTURE AND FUNCTION 

 Hormonal stimulus usually produces one or more of the following changes on cell 
o Altering plasma membrane permeability or membrane potential (or both) by 

opening or closing ion channels. 
o Stimulates the synthesis of proteins or regulatory molecules, such as enzymes 

with in the cell. 
o Enzyme activation or deactivation (changes metabolism) 
o Induction of secretory activity 
o Stimulation of mitosis or meiosis 
o Activation of genes  
o Smooth muscle contraction 

INTER-RELATIONSHIP BETWEEN ENDOCRINE AND NERVOUS 
SYSTEM 

 The nervous system controls homeostasis through nerve impulses that trigger the 
release of neurotransmitters whose effect results in either excitation or inhibition of 
other neurons, muscle fibres, or glands. The endocrine system releases hormones 
into blood stream that travels to the target organ where it alters the physiological 
activity. 
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 In nervous system, a sensory receptor senses the change and sends action potentials 
by its afferent sensory neuron to the integration center in the brain or spinal cord. 
The efferent path is the motor neuron that takes action potentials to the effectors 
(muscle or glands) for the response of contraction or secretion. 

 In the endocrine system, the gland/ the cells may act as the receptors and the 
integration centres which are often influenced by neural and other inputs. The 
response is either to change the rate of an enzymatic reaction, to control the 
transport of certain molecules across cell membranes, or to control gene expression 
and thus make new proteins. 

Nervous system Endocrine system 

 Nervous system regulates the activities of muscles 
and glands via electrical impulses transported 
through neurons 

 Endocrine System regulates the body’s 
metabolic activity via hormones that are 
transported in the blood 

 Reflexes of the nervous system are more specific 
because nerves regulate specific target cells 

 Hormones can control multiple organs and 
systems 

 Nervous system uses both electrical (action 
potentials) and chemical (neurotransmitters) 
signals 

 Endocrine system uses only chemical signals 
(hormones) 

 Neural control is fast; its effects are short-lived  Hormonal control is comparatively slower; 
generally its effects are prolonged 

 Stimulus intensity in the nervous system is 
represented by the frequency and amplitude of 
action potentials. 

 Stimulus intensity in the endocrine system is 
determined by the amount and duration of 
hormone(s) released. 

HISTORICAL BACKGROUND 

 How did scientists first find out what endocrine glands do? 
o Scientists first removed the gland and monitored the organism for changes (like 

in hormone deficiency). 
o Then scientists replaced the gland or gave an extract of the gland to see if the 

abnormalities disappeared (like in replacement therapy). 
o Then scientists implanted the gland or gave extract to a normal individual to see 

the symptoms (like in hormone excess). 
o Once a gland was identified as a source of hormones, extracts from the gland 

were purified and a test was designed to calibrate the activity of the hormone in 
another organism (known as a bioassay). 

 The writings of Hippocratus and Aristotle as early as BC 460 to 322 contain some 
information that their might be internal control over body functions 



www.drvet.in 
 

 First recorded endocrine experiment was published by Berthhold (1849). He discovered 
castrated cockerels failed to develop their combs and wattles and also failed to exhibit 
male behaviour. Replacement of one or both testes back into abdominal cavity restored 
the lost function. 

 In 1889, von Mering and Minkowski demonstrated that surgical removal of pancreas 
from dog produced a disease later to be known as diabetes mellitus. This led to the 
recognition of insulin in the control of diabetes mellitus in man and dogs. 

 In 1902, Canadian physiologists Bayliss and Starling discovered that a substance 
liberated by small intestinal mucosa stimulate the pancreatic juice flow. The active 
substance was named as secretin. They coined the word “hormone” (from the Greek "I 
arouse to activity" or "I excite") to this newly discovered substance. 

 Banting and Best (1921) isolated the potent pancreatic extract containing insulin 
 In 1949, Hench and co workers isolated a hormone from adrenal cortex- cortisone or 

compound E that relieved some of the symptoms of rheumatoid arthritis. 
 In 1953, Simpson and Tait found that unidentified steroid present in adrenal gland was 

aldosterone. In the same year, Sanger established the amino acid sequence for insulin 
for which he bagged the Nobel Prize. 

 In 1953, Du Vigneaud and his co-workers determined the structure of oxytocin and 
vasopressin. 

 In 1955, Harris provided the data suggesting that the release of pituitary hormones was 
controlled by humoral factors of hypothalamic origin. 

 In 1962, Earl Sutherland described the presence of cyclic AMP in biological materials. 
 In 1978, insulin was synthesized by a strain of genetically engineered E.coli. 
 For the development of RIA for hormone analysis, Rosalyn Yalow received the Nobel 

prize in 1978. 

CHAPTER-2: HORMONE - DEFINITION AND CLASSIFICATION 

Learning objectives 

 To understand the classification of hormones based on chemical structure, physiological 
function and solubility. 

DEFINITION OF HORMONE  

 The term hormone means "to excite" or "arouse". 
 Hormones are chemicals secreted at variable rates in response to external or internal 

stimuli by an endocrine gland or a group of cells in very low concentrations (nanomolar 
to picomolar – 10 -9 to 10 -12 M) directly into the blood for transport to some distant target 
organs/cells where they alter already existing reactions but cannot initiate new reactions. 

CLASSIFICATION BASED ON CHEMICAL NATURE 

 Hormones are chemically classified into the following categories 

o Peptides and proteins - consist of chains of amino acids. Examples of small 
peptide hormones are TRH and vasopressin . Peptides composed of numerous 
amino acids are referred to as proteins . Examples of protein hormones include 
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insulin and growth hormone. More complex protein hormones bear carbohydrate 
side chains and are called glycoprotein hormones(e.g) LH, FSH and TSH. 

o Steroids - derived from cholesterol and contains basic cyclopentano perhydro 
phenantherene nucleus. (e.g) Estrogen, progesterone, cortisol. Being non-polar, 
they are able to pass through the phospho-lipid membrane of a cell and enter the 
cytoplasm . 

o Amines - are derivatives of the amino acids tyrosine and tryptophan . (e.g) 
epinephrine, norepinephrine. 

o Iodionated aminoacids – (e.g) Thyroxine 
o Fatty acids derivatives - Eicosanoids - they are a large group of molecules derived 

from Arachadonic acid. The principal groups of hormones of this class are 
prostaglandins, prostacyclins, leukotrienes and thromboxanes. These hormones 
are rapidly inactivated by being metabolized, and are typically active for only a 
few seconds. 

CHEMICAL CLASSIFICATION OF HORMONES 

 Chemical structure determines 
o solubility and transport characteristics 
o degradation rate (plasma half-life) 
o storage 
o route of exogenous administration 

Hormones Characteristics 

Peptides  Structure : chains of amino acids; contain amino 
terminal (N-terminal) and carboxy terminal (C-
terminal) ends; linear - ring or two chains - 
carbohydrate residues (= glycoproteins). 

 Solubility: hydrophilic 
 Synthesis: rough ER, packaged in Golgi complex 
 Storage: secretory granules 
 Secretion: exocytosis 
 Transport: mostly as a free hormone 
 Receptor site: surface of target cell 
 Action: channel changes or second messenger 

system 

Amines Catecholamines (dopamine, epinephrine, and 
norepinephrine) 

 Structure: tyrosine derivative 
 Solubility: hydrophilic 
 Synthesis: cytosol 
 Storage: secretory (chromaffin) granules 
 Secretion: exocytosis 
 Transport: as a free hormone and bound to plasma 
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proteins 
 Receptor site: surface of target cell 
 Action: second messenger system 

Thyroid hormones 

 Structure: iodinated tyrosine derivative 
 Solubility: lipophilic 
 Synthesis: extracellular colloid 
 Storage: extracellular colloid 
 Secretion: endocytosis of colloid 
 Transport: mostly bound to plasma proteins 
 Receptor site: inside of target cell 
 Action: direct effects on genes ® production of new 

proteins 

Steroids Mineralocorticoids, glucocorticoids, sex 
hormones, and vitamin D 

 Structure: cholesterol derivatives, lipids, steroid 
ring (3 six-membered and 1 five-membered ring) 

 Solubility: lipophilic 
 Synthesis: stepwise modification of cholesterol 

molecule in various intracellular compartments (in 
the endocrine gland and also in the blood and 
target tissues) 

 Storage: hormones not stored, only precursor 
(cholesterol) stored. 

 Secretion: diffusion 
 Transport: mostly bound to plasma proteins 
 Receptor site: inside of target cell 
 Action: direct effects on genes for production of 

new proteins 

Fatty acid 
derivatives 

 Structure: Fatty acid 
 Solubility: Lipoophilic 

PHYSIOLOGICAL 
CLASSIFICATION OF HORMONES 

 Hormones Regulating Energy Metabolism. Some examples are  
o Insulin, Glucagon, Glucocorticoids, Epinephrine, ACTH, Thyroid hormone 

 Hormones Regulating Mineral Metabolism. Some examples are  
o Aldosterone, Renin-Angiotensin II & Natriuretic hormone, PTH, CT , Vitamin D3 

 Hormones Regulating Growth.  Some examples are 
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o GH, Insulin, Estrogen, Androgen,  Somatostatin, Thyroxine and Cortisol 
 Hormones Regulating Reproduction.  Some examples are 

o GnRH, FSH, LH /ICSH, Estrogen, Inhibin Progestrone, Testosterone, Oxytocin, 
Prostaglandins and Relaxin, GnIH, Thyroxin, Cortisol, Prolactin and 
Gonadocrnin  

 Hormones Regulating Milk Secretion.  Some examples are 
o Estrogen, Prolactin, TSH, ACTH, GH, Glucocorticoid, Placental Lactogen, 

Thyroxin, Insulin and Oxytocin  
 Hormones Regulating Blood Pressure.  Some examples are 

o Renin-Angiotensin, Epinephrine, Norepinephrine, Vasopressin, ACTH , 
Vasotocin, ADH and ANP 

 Hormones Regulating Water Balance.  Some examples aree 
o Vasopressin (ADH), Renin-Angiotensin, Glucocorticoids & Insulin 

 Local Hormones .  Some examples are 
o PGs, Histamine, Serotonin 

 Gut Hormones.  Some examples are 
o Gastrin, Secretin, CCK, Motilin, Bombesin Somatostatin, Gastric inhibitory 

peptide (GIP), Vasoactive intestinal Polypeptide & Substance P 

CHAPTER-3: HORMONE - SYNTHESIS AND RELEASE 

Learning objectives 

 At the end of this chapter the learner will be able to understand the following 
o Synthesis of protein hormones 
o Synthesis of steroid hormones 
o Pattern of hormone secretion 
o Release of hormones into circulation 
o Transport of hormones. 

PEPTIDE HORMONES 

 Most hormones are peptide in nature and are composed of aminoacids. Like other 
proteins, they are synthesized on ribosomes where their specific aminoacids sequence is 
determined (translated) by a specific messenger RNA sequence. The nucleotide 
sequences of the mRNA are transcribed from specific nucleotide sequences in the DNA. 
The proteins are then released and transported into the rough endoplasmic reticulum. 
The initial protein formed is larger than the active hormone and is called 
preprohormone. 

 In the interior of RER, pre portion of the hormone is cleaved to form prohormone. This 
in turn transported in the transport vesicles to the golgi bodies where they may be 
altered (e.g) sulphated or combined with carbohydrate moieties and the hormone is in its 
final form within the Golgi apparatus. 

 Vesicles containing the hormone and possibly other products (proteolytic enzymes) are 
then pinched off the terminal cisternae of golgi bodies. These secretory vesicles are 
distributed within the cytoplasm. Protein hormones are stored within the gland until 
needed for release. Although some of the hormones are secreted continuously, most are 
excreted by a process of exocytosis of granules in response to specific signals. Exocytosis 
requires ATP and Ca2+ 
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STEROID HORMONES 

 Steroid hormones are synthesized within the smooth endoplasmic reticulum. Steroid 
secreting cells contain large amounts of smooth endoplasmic reticulum within them. 
However, a complex multiple enzyme system is required for the synthesis of steroids. 
These enzymes are present within the mitochondria as well as the cytoplasm. 

 Majority of the steroids is formed from cholesterol, which is synthesized by the 
liver. Cholesterol is either utilized immediately for steroid synthesis or stored in granules 
in ester form within the cells. 

 The first step in the synthesis of all steroid hormones from cholesterol involves cleavage 
of side chain of cholesterol to form pregnenolone, which occurs within the mitochondria. 
Subsequently modification of the steroid molecules may occur within the mitochondrion 
(or) may involve the endoplasmic reticulum of the cell. The type of steroid hormone that 
is eventually synthesized depends upon the specific enzymes within the particular cell 
type. 

 There is no provision for storage of steroid hormones within the cells. On appropriate 
stimulation, enzymes in the steroid secreting cells can within minutes cause the 
necessary chemical conversions to the final hormone. They are secreted immediately 
after formation by simple diffusion across the cell membrane because of their lipophilic 
nature 
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Picture source: Wikipedia  

THYROID HORMONES 

 These iodinated hormones are synthesized on a proteinaceous substrate 
(thyroglobulin) located extra cellularly, by iodination of tyrosine. 

 They are then taken up by endocytosis and transported through the follicular cells 
of the thyroid gland where they are enzymatically released from the carrier 
protein prior to secretion. 
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PATTERN OF HORMONE SECRETION 

 Fluctuations of frequency and amplitude of hormone secretion is described as hormone 
peaks, pulses, spikes or bursts. 

 The rhythm of hormone secretion may be one the following 
o Ultradian – Many short pulses occurring every few minutes to few hours each day 

(Adrenaline and noradrenaline) 
o Circadian – peaks occur approximately once in 24 h (cortisol peaks in early 

morning) 
o Infradian – pulses take more than a day but less than a year to occur 

(preovulatory surge of LH in dogs once in 6 months) 

HORMONE TRANSPORT IN THE BLOOD 

 Most water soluble hormone molecules circulate in the blood in the free from (not 
attached to a protein) Most lipid soluble hormones bind to transport proteins. Binding of 
hormones to proteins are loose and reversible. 

 Transport proteins are albumin and globulins synthesized by the liver and have following 
functions 

o provide a circulating pool for the hormone 
o improve the transportability of the lipid-soluble hormones by making them 

temporarily water-soluble 
o limit the availability of the hormone on the target site 
o prolong the half-life of hormone and they protect circulating hormones from 

being broken down by enzymes in the blood plasma and liver - free hormones 
may be broken down or cleared from the blood in minutes, whereas bound 
hormones may circulate for hours or weeks. 

o provide a ready reserve of hormone, since already present in the bloodstream 
 Bound hormones are hormones attached to a transport protein and unbounded (free) 

hormone is one that is not attached to a transport protein. Only free hormones 
(unbound/released from the binding protein) can leave a blood capillary to influence the 
target. 

 Therefore only free hormones are physiologically active. There is a dynamic equilibrium 
between the quantities of free and bound forms of any hormone in circulation. As the 
free hormone leaves circulation to influence the targets, additional bound hormone is 
released from the binding proteins. 

 Example of transport proteins 
o Thyroid hormone binds to three transport proteins 

 albumin 
 albumin-like protein called thyrectin 
 an alpha globulin named thyroxine binding globulin (TBG) 

o Transcortin is the corticosteriod-binding globulin (CBG), which has high affinity 
for cortisol and corticosterone, 

o Sex hormone-binding globulin (SHBG) aids transport of estradiol, progesterone 
and testosterone. 

CHAPTER-4: MECHANISM OF ACTION OF HORMONES 

Learning objectives 
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At the end of this chapter the learner will be able to understand the following 

 Location of receptors 
 Hormone - receptor interaction 
 Target cell 
 Mechanism of hormone action. 

TARGET ORGANS AND RECEPTOR TYPES 

 Target Cell : The cells that contain specific receptors for a hormone 
 Tropic hormone – A hormone that stimulates functions of another organ / 

tissue. Tropic:a nourishing relationship. 
 Although all cells are exposed to all hormones, only few cells or organs can respond to all 

specific hormone, termed as target cells or target organ. This is because of highly 
specific receptor sites in the target organ. 

 The receptors are large protein molecules. Hormone exerts its physiological actions only 
after binding to specific receptors. 

 Despite the diversity of hormones, all hormone receptors can be categorized into one of 
two types, based on their location 

 Membrane-bound receptors called as cell-surface (membrane) receptors 
 Receptors located within the cell called as intracellular receptors 

Location of 
Receptor 

Classes of 
Hormones 

Principle 
Mechanism of 

Action 

Cell surface 
receptors 

Proteins and 
peptides, 
catecholamines 
and eicosanoids 

Generation of second 
messengers which alter 
the activity of other 
molecules - usually 
enzymes - within the 
cell 

Intracellular 
receptors –
proteins, 
floating in 
cytoplasm 
and/or nucleus 

Steroids and 
thyroid hormones 

Alter transcriptional 
activity of responsive 
genes and thereby alter 
the cell’s protein 
(enzyme) content 

RECEPTOR PROPERTIES 

 The properties of the receptors are 
o Each cell may have receptors for more than one hormone and therefore is a target 

for several hormones 
o Specificity spill over – hormones with similar structure may bind to one another’s 

receptors usually with lower affinity and ability to activate the receptors. 
o Activation of receptor by a ligand is an all or none phenomena 
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o Message carried by the ligand is in its three dimensional structure which is 
important to bind to the receptors 

o Once a hormone binds to its receptor the message is delivered and the hormone 
plays no further role 
Hormone receptor combination initiates a cascade of reactions 

 All receptors are proteins  
Specificity: The binding site of the receptor is highly specific for each signaling 
molecule(hormone, neurotransmitter); molecules that bind specifically to receptor are 
called ligands.  
However, some molecules having structural similarity to ligands can also bind with 
receptors and produce a physiological response and such molecules are called as 
agonists. Some molecules having structural similarity with hormone may bind with 
receptors without producing a response and inhibit the hormone effect are called as 
antagonists.  
High affinity: Usually the concentration of the hormone in the blood is very low(in 
pmol/l to μmol/l). Because the receptors have high affinity to hormones, binding occurs 
rapidly  
Binding capacity: Number of receptors available on the target cells at any given time is 
the limiting factor that determines number of hormone molecules bound to target 
organs; i.e. the binding capacity of target cells is decided by the receptor numbers.  
The concentration of receptors is quite variable  
When a target cell is exposed to high level of hormone for a period of time, the number of 
active receptors will be reduced (by receptor degradation) known as down regulation.  
During deficiency of a hormone, there is an increase in the number of active receptors 
known as up regulation.  
When a receptor becomes bound to a hormone, the receptor undergoes a conformational 
change (known as receptor activation), which allows it to interact productively with other 
components of the cells, leading ultimately to an alteration in the physiologic state of the 
cell. 

MECHANISM OF PROTEIN HORMONE ACTION 

 The first step in protein or peptide hormone action, the hormone functions as the first 
messenger and binds with specific cell surface receptor sites in a target organ; the 
receptors on the target cell selectively "bind" or"trap" or take up a particular hormone on 
the cell membrane of target organ. 

 In the second step the hormone forms a receptor hormone complex which induces 
receptor activation. The activated receptor initiates a chain of intracellular events 

 The membrane receptors can be grouped into the following types based on how the 
protein hormone signal is transferred from the receptor into the cell 

o receptors that activate G-proteins 
o receptors functioning as ion channels 
o receptors that activate protein kinases 
o receptors that activate guanylyl cyclase 

Receptors that activate G-proteins 

 The receptors are coupled to G-proteins (consists of α-,β-, and γ- subunits) which are 
membrane proteins and which can bind with GTP or GDP. G-protein coupled receptors 
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are involved in signal transduction of protein/ peptide hormones, acetylcholine, 
serotonin, some receptors of epinephrine and norepinephrine. 

 Binding of the hormone to the receptor brings about conformational change in receptor. 
The activated receptor can now bind with G-protein which undergo conformational 
change and become activated. The activated G-protein releases GDP from α-subunit and 
binds with GTP. This binding with GTP dissociates α-subunit from β-γ subunits of G-
protein 

 The released α-subunit functions (1) by activating or inhibiting many intracellular 
enzymes or (2) by opening ion channels and modifying ionic movement across the 
membrane 

 Generally, the G-protein activates an enzyme that increases or decreases formation of 
intracellular regulatory molecules called second messenger. 

 The second messenger activates enzymes – protein kinases and phosphorylates cellular 
enzymes by transferring phosphate from ATP to proteins 

 The phosphorylated enzymes increase or decrease intracellular enzyme activity 
 Some of the important second messengers formed by the G-protein coupled receptors 

are 
o cyclic adenosine monophosphate (cAMP)  
o diacylglycerol (DAG)  
o inositol triphosphate (IP3)  
o eicosanoids 

 Adenyl cyclase is a membrane bound enzyme whichconverts cytoplasmic ATP to cylic 3, 
5-adenosine monophosphate (cAMP).Adenyl cyclase is activated by activated-G-protein. 

 The second messenger, cAMP is released into the cytoplasm where it activates cAMP-
dependent protein kinase called protein kinase-A. (phosphodiesterase, an intracellular 
enzyme inactivates cAMP to AMP) 

 Intracellular accumulation of cAMP 
o modifies the enzyme activity - phosphorylation ofprotein kinase which is 

responsible for biological response  
o alters membrane permeability or  
o may stimulate hormone release. 

 The protein kinase A phosphorylates key intracellular proteins and alters their activity 
and produces various biological effects ofthe hormone. 

 DAG:The cell membrane enzyme phospholipase-C (PLC) acts on a membrane 
phospholipid called phosphotidylinositol bisphosphate (PIP3) and cleaves it into AG 
andIP3. PLC is activated by G-protein. 

 The membrane-bound DAG binds to a protein kinase called protein kinase C which 
phosphorylates intracellular proteins similar to protein kinase A and brings about 
biological effects 

 The IP3 formed along with DAG enters the cytosol, opens Ca 2+ channels in the smooth 
endoplasmic reticulum (important Ca 2+ storage place) and the Ca 2+ diffuses out to 
increase the cytoplasmic Ca 2+ concentration.This Ca 2+ binds to calmodulin (calcium 
binding protein) and the calcium-calmodulin complex activates calcium-dependent 
protein kinase which then phosphorylates intracellular proteins to alter cellular 
functions. 

 G-protein can also activate a membrane bound enzyme known as phospholipase A2 and 
the activated enzyme breaks down phosphotidylcholine and releases the long-chain fatty 
acid arachidonic acid from the membrane phospholipid. 

 An intracellular enzyme cyclooxygenase converts the arachidonic acid to prostaglandins 
and thromboxanes while another intracellular enzyme lipoxygenase converts arachidonic 
acid to leukotrienes. The prostaglandins, thromboxanes and leukotrienes are the 
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eicosanoids which are produced in most cell s of the body. The eicosanoids function as 
intracellular or extracellular signalling molecules and bring about autocrine / paracrine 
effects 

Receptors functioning as ion channels 

 This type of receptor function is important in neurons and muscles. Many of the ion 
channels on the cell membrane also act as receptors for the first messenger; binding of 
hormone will open or close the ion channels. 

 Post-synaptic membrane of neurons and their target cells contain ligand-gated channels 
which bind with neurotransmitters. In some cases the first messenger activate G-protein 
second messenger which in turn regulate ion channel opening/ closing. 

Receptors that activate tyrosine kinase 

 Tyrosine-kinase receptor activation is important for the action insulin, growth factors 
like IGF-I, epidermal growth factor, and platelet-derived growth factor. 

 The hormone binds to the membrane receptor and the activated receptor itself acquires 
tyrosine kinase activity. The tyrosine kinase phosphorylates the amino acid tyrosine 
present in intracellular proteins which then alters the functions of cytosolic enzymes 
producing the biological effects of the hormone. 

 For hormones like PRL, GH, EPO and cytokines, the binding of the hormone with 
receptor activates intracellular tyrosine kinases which then phosphorylates tyrosine to 
bring about response 

Receptors that activate guanylyl cyclase 

 cGMP formed by the action of guanylyl cyclase on GTPact as second messenger similar 
to cAMP. cGMP activates cGMP-dependent protein kinase called protein kinase-G which 
phosphorylates cellular proteins and brings about biological effects 

 Atrial natriuretic peptide produces its effect through cGMP 
 In all cases, a small signal generated by a hormone binding to its receptor is amplified 

many thousand times (signal amplification) within the cell and brings about cascade of 
actions that change the cell's physiologic state. 

MECHANISM OF ACTION OF STEROID HORMONES 

 Being lipids, steroid hormones enter the cell by simple diffusion across the plasma 
membrane. 

o The receptors for these hormones exist either in the cytoplasm or nucleus, where 
the receptors bind with the hormone. 

o Steroids stimulate their target cells by the intracellular action by entering the 
cytoplasm. Receptors for steroid hormones are present within the cytoplasm of 
the target cells. 

o When hormone binds to intracellular receptor, a characteristic series of events 
occurs. 

 Receptor activation is the conformational change occurring in the receptor induced 
by the binding hormone. The major consequence of activation is that the receptor 
becomes competent to bind DNA. The activated hormone-receptor complex moves into 
the nucleus. 
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 Activated receptors bind to hormone response elements, which are short specific 
sequences of DNA, which are located in promoters of hormone-responsive genes. 

 Transcription The gene to which the receptor has been bound is affected. Most 
commonly, receptor binding stimulates transcription. The hormone-receptor complex 
thus functions as a transcription factor. 

 Gene transcription stimulates the formation of a specific messenger RNA which leaves 
the nucleus and stimulates the synthesis of specific protein necessary for steroid 
hormone functions. Changes in the mRNA levels effect a change in the rate of synthesis 
of various proteins translated. 

 The biological response to a protein/peptide hormone receptor interaction is more rapid 
than for steroid, since, in the former case, the pre existing enzymes are activated, 
whereas the steroid / thyroid hormone action requires transcription and synthesis of 
new proteins (enzymes). 

CHAPTER-5: REGULATION OF HORMONE SECRETION 

Learning objectives 

This chapter deals with regulation of secretion of hormone by 

 Concentration of metabolite in blood 
 Level of hormone in blood (Feed back control) 

BY METABOLITE CONCENTRATION 

 It is one of the simplest controls of hormone secretion e.g. a rising level of blood glucose 
signals release of blood sugar lowering hormone, insulin. 

 Insulin facilitates glucose movement through the cell membrane, which is either 
metabolised or stored in the form of glycogen in the liver for later use. When the blood 
glucose level drops below normal, the blood glucose raising hormone, glucagon is 
released from the alpha cells of the pancreatic islets. 

 It stimulates glycogenolysis of the glycogen stores of the liver, thereby raising the glucose 
level back to normal. 

BY FEED BACK MECHANISM (or) SERVO MECHANISM 

 It is an automatic means of correcting the hormone output of a gland to a desired level 
by level-sensing cells in the hypothalamus. 

o The feedback system operates through three pathways 
 Ultra short loop: Between hypothalamic releasing and inhibitory factors; 

e.g. reciprocal stimulation / inhibition between GHRH and somatostatin 
 Short loop: Between hypothalamic factors and pituitary hormones; e.g. 

TRH, TSH 
 Long loop: Between hypothalamic factors and peripheral endocrine 

glands; e.g. GnRH and gonadal hormones 
 The feedback control system operates in two mechanisms 

Positive Feedback System 
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 Increase in the level of target organ hormone increases secretion of tropic hormone. 
 The hypothalamus controls secretion of tropic hormones from anterior pituitary through 

the secretion of peptide releasing hormones.Increase in the concentration of target organ 
hormone stimulates hypothalamus.In the hypothalamus, the releasing hormone output 
increases to effect increased production of tropic hormones by anterior pituitary and 
subsequently the secretions of the hormones by the target organ. 

 E.g.,preovulatory release of LH, during the late stages of ovarian follicular development 
causes increased estrogen production which acts on hypothalamus and stimulates LHRH 
release and increases pulsatile rate of LH secretion from adenohypophysis to effect 
ovulation. 

 NegativeFeedback System It is the most common feedback system. 
 An increased target organ hormone concentration above certain physiological limit, 

causes a shut-down of releasing hormone production in the hypothalamus and also 
tropic hormone secretion from the anterior pituitary, thus decreases the production of 
hormone by the target organ. 

 E.g.,ACTH secretion stimulates cortisol secretion, while increased blood cortisol 
concentration inhibits ACTH secretion from adenohypophysis and CRH release from the 
hypothalamus to bring cortisol level to normal. 

Negative feedback mechansim 

 

SYNERGISM AND ANTAGONISM 

 The activity of one hormone may be influenced by its interaction with one or more 
hormones involved in the regulation of the same function. 

 The actions of different hormones are concerted or additive if they produce the same 
response and the combined effect of the hormones is the sum of separate actions of the 
individual hormones. In this case, the two hormones act by different mechanisms. 

 In some cases, two hormones can produce the same effect but the effects due to the 
different hormones are non-additive, i.e. the two hormones act by the same common 
mechanism. 
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 Some hormones may act together to produce greater total effect than their individual 
effects known as synergistic effect. E.g., the toxicity of catecholamines is increased by 
thyroxine. 

 Some hormones exhibit opposite effects of other hormones known as the antagonism; 
e.g., Insulin and glucagon actions on blood glucose level. 

 When one hormone is required for another hormone to exert its effect it is called 
permissive effect; e.g., small amount of glucocorticoids is needed for catecholamines to 
produce their calorigenic and lipolytic effects. 

CHAPTER-6: HYPOTHALAMUS 

Learning objectives 

At the end of this chapter the learner will be able to understand the following 

 Hormone secretory nucleus in hypothalamus. 
 Releasing and inhibitory hormones of hypothalamus and their functions. 

HYPOTHALAMUS - GENERAL INFORMATION 

 The hypothalamus is located adjacent to the third ventricle in the forebrain and is 
connected by the hypophyseal stalk to the pituitary gland (hypophysis 
cerebri) immediately inferior to it. 

 The hypothalamus receives input from various regions of brain, sensory signals from 
visceral organs and retina. Hypothalamus controls autonomic nervous system, regulates 
body temperature, thirst, hunger, sexual behaviour and defense reactions like fear and 
rage. 

 Hypothalamus forms the critical link between the nervous system and the endocrine 
system. The hypothalamus regulates both autonomic nervous activity and several aspects 
of endocrine function. The latter role is fulfilled through its links with the pituitary gland, 
which secretes a wide range of hormones. 

 Hypothalamus - monitors the state of the body’s internal environment by analyzing 
negative feedback (eg. various concentrations of chemicals in the blood) and regulates 
the pituitary gland. 

 Secretory neurons in the arcuate, paraventricular, supra optic nuclei and preoptic area of 
hypothalamus synthesize and secrete seven neurohormones called hypophysiotropins 
otherwise known as hypothalamus-releasing hormones/factors (RH or RF) and 
hypothalamus inhibitory hormones or factors (IH or IF). These hypothalamic hormones 
pass via the hypophyseal portal system to pituitary gland and regulate the release of all 
the six hormones of the adenohypophysis. Regulation of the anterior pituitary secretions 
is mediated by the reciprocal actions of RH or IH of the hypothalamus and the 
concentrations of hormones of the pituitary gland 

 The releasing hormones of hypothamus include 
o Growth Hormone-Releasing Hormone (GHRH/ GRH): Increases the release of 

GH 
o Thyroid Stimulating Hormone–Releasing Hormone (TRH): Increases the release 

of TSH 
o Corticotropin- Releasing Hormone (CRH): Increases the release of ACTH 
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o Gonadotropic - Releasing Hormone ( GnRH/LHRH): Increases release of FSH 
and LH 

o Prolactin-Releasing Hormone (PRH): increases release of prolactin 
 The inhibitory hormones of hypothamus include 

o Somatostatin (SRIF/ GHIH): Inhibits the release of GH. 
o Prolactin Release Inhibitory Hormone (PIH-Dopamine): Inhibits the prolactin 

secretion 
 The hormones released by the neurohypophysis – Oxytocin and ADH, are actually 

formed in the paraventricular and supaoptic nuclei of hypothalamus. They then travel 
via nerve fibres to the neurohypophysis for storage until release. 

GHRH (SOMATOCRININ OR SOMATOTROPIN RELEASING 
HORMONE) 

 GHRH is a hypothalamic peptide hormone containing 44 amino acids. 
 It regulates GH release by its intermittent release into the portal pituitary vein. 
 Factors that stimulate release of GHRH - estradiol, progesterone, ADH, serotonin, 

dopamine, a -adrenergics, stress (trauma and fever), deep sleep and exercise. 
 Factors that inhibit GHRH release - somatomedins, increased levels of glucose and fatty 

acids, b adrenergics, melatonin and morphines. 
 GH exhibits a negative feed back inhibition to GHRH release. 
 As a galactopoitic agent GHRH causes 10 to 25 % increase in milk yield, total milk fat, 

protein and lactose when injected to cow and ewes. 

TRH (THYROID STIMULATING HORMONE - RELEASING 
HORMONE) 

 TRH is a tripeptide and it stimulates release of TSH. 
 TRH also stimulates the secretion of ACTH, PRL, vasopressin and GH. 
 Circulating level of T3 or T4 has negative feedback effect on TRH and TSH. 

CRH (CORTICOTROPIN RELEASING HORMONE) 

 It is a 41 amino acid peptide that stimulates ACTH synthesis and release by the 
corticotroph cells of pituitary gland. 

 Stress enhances its synthesis and release. CRH secretion is influenced by circadian light- 
darkness cycle. 

 In diurnal animals (cattle, dog, horse) it stimulates ACTH synthesis during morning 
hours. 

 Other functions of CRH include stimulating the sympathetic nervous system, decreasing 
elevated body temperature, and suppressing reproductive functions and sexual activities, 
suppressing GH release and altering behaviour. 

SOMATOSTATIN (SOMATOTROPION RELEASE-INHIBITING 
HORMONE - SRIF) 

 It is a hypothalamic peptide present in two forms - 14 and 24-28 amino acids, also 
present in pancreas 
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 Potent inhibitor of GH, also inhibits TSH, PRL and ACTH, insulin and glucagon. 
 Its production is stimulated by GH release from the pituitary, ingestion of carbohydrate, 

fat, protein, and high level of glucose, amino acids, increased output of glucagon, gastrin, 
VIP, secretin, CCK, acetylcholine and b adrenergics. 

 Somatomedin C (from the liver), dopamine, insulin, estrodiol and a -adrenergics inhibit 
the release of somatostatin. 

 Somatostatin has been isolated from brain, pancreas and intestine. 

GnRH (GONDOTROPIC RELEASING HORMONE)/(LHRH) 

 It is a decapeptide that stimulates the release of both FSH and LH. 
 The frequency of GnRH stimulus is the major regulator of the relative proportions of 

FSH and LH synthesis and release i.e., less frequent GnRH pulse leads to FSH secretion 
and more frequent GnRH pulse causes LH secretion. 

 When estradiol predominates GnRH favours the LH surge to effect ovulation. 
 Under the influence of high progestrone level GnRH induces FSH to stimulate 

folliculogenesis and steroidogenesis. 
 Inhibin is a glycoprotein hormone from ovarin follicle and testicular seminiferous 

tubules inhibit GnRH secretion. 
 Prolactin and LH inhibit GnRH via short-loop negative feed back effect. 
 GnRH secretion is also influenced by light- dark cycle, pheromones and stress. 
 Dopamine, endorphins and increased levels of ovarian steroids provide inhibitory 

influence on GnRH release. 
 In sheep and goat increased production of melatonin during longer dark periods / short 

day length of autumn initiates GnRH synthesis, thus the puberty in young ones and 
breeding season in adult. In contrast, lengthening days of spring results in minimal 
melatonin production and beginning of breeding season in horse. 

PIH (PROLACTIN - INHIBITING HORMONE) 

 Dopamine is the PIH. 
 It also inhibits TSH. 
 Apomorphine and ergot alkaloids inhibit prolactin secretion. Bromocriptine – a long 

acting dopamine receptor agonist reduces prolactin secretion. 

CHAPTER-7: PITUITARY GLAND (HYPOPHYSIS CEREBRI) 

Learning objectives 

This chapter explains the following 

 Different lobes of pituitary gland 
 Portal system between hypothalamus and pituitary gland 
 Growth hormone – its function, regulation and disorder of secretion. 

PITUITARY GLAND - GENERAL INFORMATION 
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 It is divisible into two distinct portions, the anterior pituitary or adenohypophysis and 
posterior pituitary or neurohypophysis or pars nervosa. 

 The pituitary is connected to the brain by means of the pituitary stalk. 
 The adenohypophysis consists of three portions, viz., the pars distalis, pars tuberalis and 

the pars intermedia. 
 The pars distalis is the largest of the three parts and secrets the tropic hormones. 
 The pars tuberalis does not have any endocrine function. 
 The pars intermedia produce melanocyte-stimulating hormone (MSH) and regulate the 

pigmentation in the body. 

ADENOHYPOPHYSIS (Anterior Pituitary) 

 Adenohypophysis contains two types of cells - chromophobes and chromophils 
 The chromophobes are the inactive precursor or a resting type of cells from which the 

active (hormone producing) cells known as chromophils arise. 
 Chromophils are further divided into acidophils and basophils. The acidophils and 

basophils include five types that produce six hormones 

 Cells Hormone Target 
organ 

Biological effect 

I Chromophobes Inactive 
cells 

- - 

II Chromophils Active cells - - 

 A) Acidophils    

a) Somatotrophs GH All body 
cells 

Growth, Somatomedin 
synthesis 

b) Lactotrophs/ 
mammotrophs 

Prolactin Mammary 
gland 

Milk biosynthesis, 
luteotropic 

B) Basophils    

a) Thyrotrophs TSH Thyroid 
gland 

Thyroxine synthesis and 
release 

b) Corticotrophs ACTH &  
β-LPH 

Adrenal 
cortex 

Glucocorticoid 
synthesis and release 

c) Gonadotrophs FSH Testis, ovary Spermatogenesis, 
folliculogenesis, 
estradiol synthesis 

LH (ICSH) Leydig cells 
of testis 

Androgen production, 
spermiogenesis 

 Graafian 
follicle of 

Ovulation, CL 
development, 
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ovary progesterone synthesis 

VASCULAR SUPPLY TO 
PITUITARY GLAND 

 In general the inferior or posterior hypophyseal arteries supply the neural lobe. 
 The superior or anterior hypophyseal arteries from the internal carotid supply the 

anterior lobe of the pituitary. 
 The vessels go to the median eminence of hypothalamus and break into primary plexus 

in the infundibulum near the lower portion of the hypothalamus. Venous blood from 
these plexus is collected in two series of parallel veins which pass through the pituitary 
stalk ending in pars distalis. This constitutes the hypothalamo- hypophyseal portal sys-
tem. 

 Regulating factors from the hypothalamus enter into these portal system and goes to 
adeno-hypophysis 

 The hormones of the adenohypophysis diffuse into veins and reach the target cells. 

SOMATOTROPIN (STH) 

 Somatotropin or growth hormone (GH) is a complex protein having 191 amino acids and 
S-S bridges. 

 The STH is species specific and most domestic animals respond best to homologous STH 
and least to heterologous STH. 

 STH is structurally related to prolactin and chorionic somatomammotropin of the same 
species. 

Control of STH output 

 The control of STH output is achieved by a balance between the growth hormone 
releasing hormone (GHRH) and somatostatin. 

 A sharp drop in blood glucose and fatty acids levels is the primary cause of GHRH 
release from the hypothalamus and it results in two to ten fold increases in STH 
secretion. 

Stimuli that increases the GH secretion 

 Deficiency of energy - hypoglycaemia, exercise, fasting, insulin 
 Increase in circulating levels of certain amino acids - protein meal, arginine vasopressin 
 Glucagon (mechanism not known) 
 Stress (trauma, surgery) pyrogen 
 Sleep 
 Ghrelin, a 28 amino acid polypeptide hormone secreted from hypothalamus (also from 

stomach) stimulates GH release 

Stimuli that decreases the GH secretion 

o Increase in glucose, cortisol, free fatty acids, GH 
o Obesity results in reduced GH release 
o GIH 
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 STH appears to be released at a rather similar rate through out the life of the animal. 
 Although skeletal growth cease after puberty, STH has a biological role throughout life as 

an anabolic agent as well as synergistic role by enhancing the actions of ACTH, TSH, LH, 
and FSH on their target organs. 

 Females are more responsive to GH stimuli than males. 

PHYSIOLOGICAL EFFECTS OF STH 

 Growth hormone has two distinct types of effects 
o Direct effects are the result of growth hormone binding its receptor on target 

cells. Fat cells (adipocytes), for example, have growth hormone receptors, and 
growth hormone stimulates them to break down triglyceride and suppresses their 
ability to take up and accumulate circulating lipids. 

o Indirect effects are mediated primarily by an insulin-like growth factor-1 (IGF-1), 
a hormone that is secreted from the liver and other tissues in response to growth 
hormone. A majority of the growth promoting effects of growth hormone is 
actually due to IGF-1 acting on its target cells. 

Normal Effects in the Body 

 The STH does not have a specific target organ 
 GH exerts its effect on almost all tissues of the body. 
 STH causes both increase in size (hypertrophy) and number of cells (hyperplasia), and 

promotes growth of all tissues of the body which are capable of growing. 
 GH enhances the activities of the visceral organs like liver, kidney, intestine, endocrine 

glands- parathyroid and pancreas. 
 It stimulates cardiac output, glomerular filtration and the metabolic activities in liver, 

skeletal muscle and heart. 
 Increases both the soft and osseous tissues of the body and 
 Has a profound effect on lactation. 

Effects on Growth 

 Growth is a very complex process, and requires the coordinated action of several 
hormones. 

 GH does not act directly on bone and cartilage, but indirectly by causing the liver to 
produce smaller proteins called somatomedins that act on cartilages and bone to 
promote their growth. 

 Two somatomedins, C and A have been identified which resemble structurally to insulin 
and hence they are also known as insulin like growth factors I and II (IGF I & II) 
respectively. 

 IGF I is transported in blood bound with specific binding proteins called IGF-binding 
proteins (IGFBP); this binding of IGF prolongs the half-life of IGF I. 

 The receptor for IGF is similar to insulin receptors. 
 IGF I promotes skeletal and cartilage growth and IGF II is functional during foetal 

period. 
 The metabolic effects of GH on most of the cells are promoted by stimulating the liver 

and other tissues to secrete IGF-I or somatomedin C. 
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 IGF-I stimulates proliferation of chondrocytes (cartilage cells) resulting in bone growth. 
GH also seems to have a direct effect on bone growth in stimulating differentiation of 
chondrocytes. Somatomedin production is inhibited by estrogen and cortisol. 

 IGF-I also increase muscle growth. It stimulates both the differentiation and 
proliferation of myoblasts. It also stimulates amino acid uptake and protein synthesis in 
muscle and other tissues. 

 Growth of the long bones continues so long as the epiphyseal lines do not close. In 
domestic animals, closure of epiphyseal lines soon after puberty signals the cessation of 
skeletal growth under normal conditions. 

METABOLIC EFFECTS OF GROWTH HORMONE 

 As a protein anabolic hormone GH enhances almost all facets of amino acid metabolism 
including uptake, while at the same time reducing the break down of proteins. This 
includes transport through the cell membrane to the interior of the cells and increased 
protein synthesis in all cells of the body more specifically the muscle cells. It stimulates 
extracellular collagen deposition 

 Stimulates the formation of RNA by increasing the transcription process in the nucleus. 
 By enhancing the ribosomal machinery, produces greater number of protein molecules. 
 As a potent protein sparer, it causes decreased catabolism of protein and amino acids for 

energy. Protein content of the body is increased by GH. 
 It stimulates lipolysis and mobilizes large quantities of free fatty acids from the adipose 

tissue. It enhances the conversion of fatty acids to acetyl Co- A, which is used for energy. 
Excessive amount of STH at times causes greater amounts of fat mobilization resulting in 
excess acetyl Co-A which is converted to acetoacetate, b -OH butyric acid and acetone 
leading to ketonemia which is called as ketogenic effect of GH. It reduces lipid synthesis 
and leads to leaner animal. GH decreases body fat content and promotes lean body mass. 

 GH causes decreased utilization of glucose for energy (possibly duo to utilization of fat 
for energy) and enhanced glycogen deposition. It diminishes uptake of glucose by the 
cells for energy by the muscle and adipose cells, thus increases blood glucose 
concentration which is known as diabetogenic effect of GH. 

 GH shows positive nitrogen balance and phosphorus balance. It decreases urinary 
excretion of Na+ and K+ by increasing the uptake of these ions by the growing tissues. 

 In the cow lactation can be induced with STH more easily and with greater regularity 
than with lactogenic hormone (prolactin). This is due to galactopoietic effect of STH 

 In summery, STH favours economical use of proteins and carbohydrates, encouraging 
the body to retain these building blocks for tissue growth and development. 

 Injection of growth hormone increases milk yield by 10-25%, lactose, protein and fat 
contents of milk. Endogenous plasma concentrations of GH are high in high yielding 
than low yielding animals.GH partitions nutrients for milk yield and increases fatty acid 
mobilisation. Exogenous GH increases nitrogen retention and improves carcass quality 
with improved muscle growth; helps in lean meat production with less adipose tissue in 
cattle, pigs, sheep. 

EFFECTS OF ABNORMAL PRODUCTION 

 Panhypopituitarism is decreased secretion of all the anterior pituitary hormones. 
Underproduction of pituitary hormones in the immature animal results in 
underdevelopment of the animal referred to as pituitary dwarfism. Such an animal 
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shows reduced activity in the other target organs of the pituitary (hypothyroidism, 
hypogonadism, hypoadrenocortical function). 

 The effects of overproduction of STH depend to a great extent on the age of the animal in 
which this overproduction occurs. 

 If the overproduction occurs before the closure of epiphyseal lines in the long bones, it 
results in lengthening of the long bones and increased deposition of soft tissue, resulting 
in gigantism. This condition occasionally occurs in domestic animals. 

 If excess production of STH occurs after the closure of epiphyseal lines, the long bones of 
the body are thickened and there is excessive soft tissue and this condition is termed as 
acromegaly. This is produced in acidophilic tumours. 

CHAPTER-8: PITUITARY GLAND 

 Learning objectives 

 This chapter explores the structure, function and regulation of TSH, ACTH, prolactin, 
gonadotropins and MSH secreted from pituitary gland. 

THYROTROPIC HORMONE (TSH) 

 The thyrotropic hormone or thyroid-stimulating hormone (TSH) is a glycoprotein with 
two peptide sub units, the α and β. The a sub unit is non-specific, whereas b -sub unit 
shows some species specificity. 

 TSH has morphological and functional effects on the thyroid. 
 Functionally, the effect of TSH is to increase cell size, number of thyroid follicles and also 

the activity of thyroid gland which includes 
 Uptake of iodide (iodine trapping) 
 Production and release of thyroxine by increasing iodination and coupling reactions 
 Proteolysis of thyroglobulin releasing the thyroid hormones. 
 TSH enhances DNA, RNA and ribosome activities, thus favours synthesis of proteins and 

phospholipids in thyroid follicle cells. TSH stimulates glucose oxidation to generate 
NADPH needed for the peroxidase reaction. 

 The functional level of the thyroid is dependent upon stimulation by TSH from the 
adenohypophysis and the thyroxine level from the thyroid gland depends upon 
reciprocal inhibition and stimulation between thyroxine and TSH. 

 T3 suppresses not only TSH release but also its synthesis by inhibiting expression of the 
TSH gene and decreasing the number of TSH receptors. 

 TSH secretion is inhibited by dopamine, somatostatin, cortisol and GH. 
 Exposure to lower environmental temperature or chilling of the animal causes the 

release of TRH and TSH, thus the thyroxine formation to elevate basal metabolic rate 
and heat production by non-shivering thermogenesis. 

ADRENOCORTICOTROPIC HORMONE (ACTH) 

 Adrenocorticotropin is a polypeptide containing 39 amino acids in a straight chain in 
sheep, pig, cow and man. 

 It stimulates synthesis and immediate release of corticosteriods. 
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 It helps the uptake of cholesterol by the adrenal cells, cholesterol ester hydrolysis, 
cholesterol transfer to mitochondria, the rate-limiting desmolase reaction and the 
critical 11 - hydroxylation steps in cortisol synthesis. 

 The primary physiological function of ACTH is to stimulate the secretion of the adrenal 
cortex, especially of cortisol and corticosterone. 

 However the mineralocorticoids show lesser effects to ACTH. During haemorrhage it 
causes aldosterone release. 

 Only in the bird ACTH is needed for aldosterone output. The specific action of ACTH in 
the adrenal gland is stimulation of cyclic AMP production leading to the production of 
energy for corticoid biogenesis. 

 Stressful stimuli such as haemorrhage, temperature, pain, toxin and emotional states, 
influence the release of ACTH by stimulating the hypothalamus to release CRH. 

 ACTH secretion is influenced by circadian light/darkness cycle. In human and horses 
ACTH secretion is high during morning hours (6.00 to 8.00 A.M.), in pigs two peaks 
occur, one in morning and one in late afternoon. In dogs, there is no peak level. 

 By long loop servomechanism, the glucocorticoid cortisol regulates CRH release from the 
hypothalamus, thus decreases ACTH formation in the adenohypophysis. 

 Arginine, vasopressin also stimulates ACTH release. 
 By short-loop negative feed back action ACTH inhibits CRH release. 

PRO-OPIOMELANOCORTIN 

 Within the pituitary gland, ACTH is produced in a process that also generates several 
other hormones. A large precursor protein named pro-opiomelanocortin (POMC) is 
synthesized in the intermediate lobe and in the corticotropes of anterior pituitary and 
proteolytically chopped into several fragments. Not all of the cleavages occur in all 
species and some occur only in the intermediate lobe of the pituitary. In the 
corticotropes, POMC is cleaved to ACTH and β-LPH and a small amount of β-endorphin. 
In the intermediate lobe, it is hydrolysed to corticotrophin-like intermediate lobe peptide 
(CLIP), α-LPH and a large amount of β- endorphins plus α and β MSH 

 The major attributes of the hormones other than ACTH that are produced in this process 
are 

o Lipotropin: Originally described as having weak lipolytic effects, its major 
importance is as the precursor to β-endorphin. 

o β-endorphin, Met-enkephalin: Opioid peptides with pain-alleviation and 
euphoric effects. 

o Melanocyte-stimulating hormone (MSH): Known to control melanin 
pigmentation in the skin of most vertebrates. 

PROLACTIN (LACTOGENIC HORMONE) 

 PRL , a lactogenic hormone, is a single-chain peptide consisting of 199 amino acids and 
three disulfide bridges. 

 PRL is structurally similar to GH and has many overlapping biological functions with 
GH. 

 The most important influence of PRL secretion is the combination of pregnancy, 
estrogen and nursing of newborn. PRL secretion increases steadily during pregnancy. 

 PRL secretion rises at night similar to GH. 
 Suckling inhibits dopamine (PIF) secretion, thus stimulates PRL release. 
 TRH and VIP stimulate PRL synthesis and release, 
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 Dopamine, catecholamines, LH - RH inhibits PRL release. 
 PRL is the principle hormone responsible for lactogenesis (milk production). 
 PRL together with estrogen, progestrone, cortisol and GH cause proliferation of duct 

system of the mammary gland. During pregnancy prolactin, estrogen and progesterone 
cause development of secretory alveoli in the mammary gland thus causes initiation and 
maintenance of lactation in domestic animals. 

 PRL level increases just prior to parturition and after parturition, milk synthesis and 
secretion require PRL along with cortisol and insulin. PRL induces enzymes necessary 
for lactose synthesis. It provokes synthesis of milk constituents including lactalbumin, 
casein, and lipids. Prolactin increases in the peripheral blood of the cow during milking. 

 In pigeon it causes the crop gland to hypertrophy and stimulates the secretion of crop 
milk (this is used in bioassay of prolactin). 

 In ewes, prolactin stimulates corpus luteum referred to as the luteotropic effect; hence it 
is also referred as luteotropin . 

 It is necessary for maintenance of CL in rat, dog. 
 An excess of PRL blocks the synthesis and release of LH-RH which inhibits gonadotropin 

(FSH/LH) secretions from the pituitary and prevents ovulation and spermatogenesis. 
 High PRL concentration also inhibits the synthesis of gonadal steroids both in male and 

female. 
 In animals PRL provides productive maternal behaviour toward the newborn. 
 Broodiness in birds is controlled by PRL. 
 Prolactin may have a growth mediating role similar to GH and reduces lipid synthesis 
 Helps in partitioning of nutrients. 

GONADOTROPINS (FSH & LH) 

 Two hormones from the adenohypophysis, the follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH/ICSH) in females/males affect the gonadal activity. 

 The basal or tonic output of FSH and LH is pulsatile during the reproductive functions in 
males and females. 

 FSH output is under hypothalamic control by GnRH and a negative feedback mechanism 
involving the gonadal hormones, rising levels of estrogen and inhibin production. 

 Follicle stimulating hormone (FSH) is a glycoprotein made up of α- (92 amino acids) and 
β- (118 amino acids) subunits with carbohydrate moiety. 

 Luteinizing hormone (LH) or Interstitial-cell stimulating hormone (ICSH) - LH in 
female and ICSH of the male is the same hormone. 

 LH is a glycoprotein made up of α- and β- subunits having 92 and 115 amino acids with 
carbohydrate moiety. 

 The pituitary content of LH is highest in cattle, sheep and cat but lowest in horse and 
man. 

 Environmental conditions like changing seasons and day light length is mediated from 
exteroceptors like eye to the hypothalamus to influence GnRH output. 

 Basal pulsatile FSH secretion stimulates follicular growth and estrogen secretion in 
ovaries. 

 FSH acts synergistically with LH to effect ovulation. 
 In the male FSH acts on the seminiferous tubules and stimulates spermatogenesis. 
 The actions of LH and FSH are synergistic. 
 Increased production of estrogen by the Graafian follicle stimulates LH surge to effect 

ovulation by positive feedback effect. 
 LH secretion is increased greatly 24 to 48 hours before ovulation to effect ovulation but 

the increase in FSH is to a lesser extent. 
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 LH causes maturation of ovum, ovulation and formation of corpus luteum (CL). The CL 
produces progesterone which inhibits LH secretion and prevents further follicular 
growth and ovulation, thus preventing estrus during the period of CL. 

 In induced ovulators e.g., cat and rabbit, LH secretion is stimulated by neuroendocrine 
reflex of the hypothalamus. 

 In male LH stimulates interstitial cells of testis and causes testosterone production . 
 The regulation of LH output from the pituitary gland is dependent upon the 

hypothalamic GnRH by a negative-feedback control mechanism. 
 During pregnancy, placenta also secretes placental luteotropic hormone. 
 Estrogen and progesterone in large amounts inhibit FSH and LH release from the 

adenohypophysis and the feedback effect operates through the hypothalamus and 
anterior pituitary. 

 In addition inhibin secreted from the large graafian follicles in females and Sertoli cells 
in males inhibits FSH to a major extent and LH to a lesser extent. 

MELANOCYTE STIMULATING HORMONE (MSH) AND beta - 
LIPOTROPIN (LPH) 

 Colour change in response to change in illumination and temperature observed in 
reptiles, amphibians and fishes is caused by the dispersion or concentration of melanin 
pigments in melanophores which changes the skin colour 

 The skin colour change is under the control of MSH or intermedin of pars intermedia of 
the anterior pituitary. 

 In warm- blooded animals, melanophores are not present but melanin pigments are 
synthesized by melanocytes and MSH accelerates melanin synthesis and darkening of 
skin. 

 MSH and ACTH have overlapping activities. 
 α and β - MSH are cleaved from ACTH and β -lipotropic hormone (LPH) respectively. 
 The β -LPH may be a prohormone for the endogenous opiates. 
 β -LPH may also have a role in stress. 

CHAPTER-9: NEUROHYPOPHYSIS (POSTERIOR PITUITARY) 

Learning objectives 

 This chapter explains the biological function and regulation of oxytocin and vasopressin. 

INTRODUCTION TO NEUROHYPOPHYSIS 

 The neurohypophysis is composed of pituicytes and fine unmyelinated nerve fibres 
arising from the supraoptic and paraventricular nuclei of the hypothalamus and 
terminating in the neural lobe of the pituitary. 

 Neurohypophyseal hormones are the secretions of neuro-secretory cells of the 
hypothalamic nuclei which move along the axons of the hypothalamo-hypophyseal tracts 
to the neuro-hypophysis, stored until the proper signal arises to cause their release into 
the circulation. 

 Two octapeptide hormones are released from the neurohypophysis 
 Antidiuertic hormone (ADH) or vasopressin produced from the supraoptic nucleus of 

hypothalamus 
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 Oxytocin produced from the hypothalamic paraventricular nucleus. 
 These two hormones after their synthesis are complexed with a polypeptide known as 

neurophysin and transported as Hering bodies within the axons to the neurohypophysis. 
Neurophysin I and II aid in transport of oxytocin and ADH respectively. 

ANTIDIURETIC HORMONE OR VASOPRESSIN 

 The vasopressin is a peptide containing   8 amino acids. 
 It shows species specificity in its composition. 
 In cattle, man and most mammals the main form of vasopressin is arginine-vasopressin 

(arginine at position 7 is essential for antidiuretic effect). 
 In swine it is lysine-vasopressin. 
 In birds it is arginine- vasotocin. 
 ADH has a half-life of 18 minutes. 
 An increase in osmolality of body fluids due to dehydration of body, hypotension and 

decreased blood volume, angiotensin II stimulates the osmoreceptrors of the 
hypothalamus and release ADH. 

 ADH acts on the distal tubule and collecting ducts through cAMP mechanism and causes 
increased reabsorption of water. 

 Trauma, pain, anxiety and certain drugs also favour the release vasopressin, 
 Diluted body fluid and cold environmental temperature inhibit its secretion. 
 A deficiency of this hormone leads to increased urine volume (diuresis) resulting in a 

condition known as diabetes insipidus in the dog, cat and horse. 

Pressor Effect of ADH 

 ADH shows less prominent constrictor effect on smooth muscles of the vascular system 
in normal physiological concentrations; may be involved in regulation of blood pressure. 
During haemorrhage, vasopressin is released in considerable amounts to cause pressor 
effect. 

OXYTOCIN 

 It is a peptide hormone containing 8 amino acids. 
 Seven amino acids are common between oxytocin and ADH. 
 Oxytocin has a half life of 2 min. 
 Oxytocin has specific effects on the smooth muscle of the uterus and the 

myoepithelial cells of the mammary gland. 
 It also functions in the release of prostaglandins from the endometrium. 
 Along with estrogen and PGF2 alpha , it causes powerful contractions in the 

pregnant uterus and helps in parturition. 
 It helps sperm transport in estrogen-primed uterus during follicular phase of 

estrous cycle. 
 In male it is released during mating to cause movement of sperm through the 

male duct system for ejaculation. 
 On the udder it causes contraction of myoepithelial cells which results in milk 

letdown by a neuroendorcine reflex. 
 Suckling stimulates hypothalamus, causes oxytocin release from neurohypophy-
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sis. 
 In birds it has the ability to lower BP. 
 Oxytocin is also secreted by corpus luteum which acts with estrogen and PGF to 

cause lysis of CL. 
 CL also produces oxytocin . 
 Gonadotropins, PGF and progesterone stimulate oxytocin from CL. At the end of 

luteal phase, when progesterone effect on CL is reduced, oxytocin induces 
luteolysis by initiating release of PGF2 alpha from endometrium. 

Last modified: Friday, 13 January 2012, 02:24 PM 

CHAPTER-10: THYROID GLAND 

Learning objectives 

This chapter explains the following 

 Synthesis and regulation of thyroid hormones 
 Morphological effects and metabolic effects of thyroid hormones 
 Disorders of thyroid hormone secretion 
 Antithyroid compounds. 

THYROID GLAND - MORPHOLOGY 

 In most mammals, the thyroid lies just caudal to the larynx on the first or second 
tracheal ring and consists of two lobes connected by a narrow isthmus. 

 In birds, the thyroid gland forms two lobes lying on either side of the trachea at the level 
of the clavicle. 

 The thyroid gland is made up of follicles filled with a material called the colloid which 
contains a protein - iodine complex called thyroglobulin. The thyroglobulin is secreted by 
the epithelial cells i.e. the follicular cells that line the follicle. 

SYNTHESIS OF THYROID HORMONES 

 In the body, the iodine is in two forms: the inorganic iodide (ingested / dietary iodine) 
and organically bound iodine. 

 Organic bound form of iodine includes mono-iodotyrosine, di-iodotyrosine, tri-
iodothyronine (T3) and thyroxine (T4) and reverse triiodothyronine (rT3). 

 The first stage in the formation of thyroid hormone is transport of iodides from blood 
into the thyroid follicular cells. The basal membrane of thyroid cell actively transports 
iodide by iodide-pump into the interior of the cell, which is called as iodide trapping. 

 The iodide pump can concentrate iodide up to 30 times in the gland than the level in 
blood. 

 The trapped iodide is oxidized to iodine (I2) by thyroid peroxidase enzyme (integral 
membrane protein present in the apical (colloid-facing) plasma membrane of thyroid 
follicular cells) and H2O2 helps this reaction. 

 Thyroid peroxidase catalyzes two sequential reactions 
o Iodination of tyrosines on thyroglobulin 
o Synthesis of thyroxine (or triiodothyronine) from two iodotyrosines 
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 The I2 is transported to the lumen of the thyroid follicle, where it iodinates tyrosine 
present in thyroglobulin. 

 The thyroid cells are protein-secreting cells, synthesize and secrete thyroglobulin (TGB) 
which is a glycoprotein. Each molecule of TGB contains 134 tyrosine amino acids of 
which 30 amino acids combine with iodine to form iodothyrosines - mono-iodotyrosine 
(MIT) and di-iodotyrosine (DIT) by the enzyme thyroid peroxidase. 

 The coupling of the iodotyrosines occurs to form iodothyronines by two possible routes, 
the combination of two DIT molecules to form thyroxine (T4-3,5,3’,5’) or the 
combination of one DIT with one MIT to form triiodothyronine (T3–3,5,3’) or to form 
reverse triiodothyronine (rT3-3,3’,5’) (has no biological function).These reactions are 
enzymatically controlled. 

 The binding of I2 with TGB is called organification of TG molecule. 

RELEASE AND TRANSPORT OF THYROID HORMONES 

 Two of the iodinated amino acids T3 and T4 are stored extracellularly in the colloid on the 
thyroglobulin and secreted into the blood stream when required. 

 Thyroglobulin enters the thyroid cells by endocytosis. 
 Thyroid hormones are excised from their thyroglobulin by protease digestion in 

lysosomes of thyroid epithelial cells and diffuse into blood. 
 In contrast, the two iodotyrosines (MIT and DIT) are deiodinated within the gland by an 

enzyme 5' monodeiodinase. This cycle, which can be regarded as intrathyroidal, reclaims 
the iodine from tyrosine for use in the manufacture of the more active iodinated 
thyronines-T3 and T4. 

 Thyroxine is predominant in all animals, i.e., T4 is 3 to 4 times more than T3. 
 Most of the circulating T3 are derived from peripheral deiodination of T4 by the enzyme 

5' monodeiodinase present in all the cells of the body. 
 The T4/T3 ratio varies from 15:1 to 44:1 in most species of animals. 
 In the blood, the thyroid hormone is transported bound with a serum globulin, the 

thyroid-binding globulin (TBG - present in all animals except cat). 
 In many species, thyroid hormones are also transported with an albumin, the thy-

roid-binding pre-albumin (TBPA also termed as transthyrectin – specifically transports 
T4) and albumin itself is a thyroid hormone carrier; 

 Collectively the iodine that is bound to all serum proteins is known as protein-bound 
iodine or PBI. 

 Transthyrectin transports thyroxine and vitamin A and thyroxine helps to convert 
carotene to vitamin A in liver cells. 

 Less than 1% of T4 and T3 are transported as free hormones in the blood. 
 T4 has 3 to 4 times more affinity for the binding proteins than T3, whereas T3 in the free 

form is considerably more active as a thyroid hormone. 
 T4 may be a prohormone or a source of T3 and T3 is the active hormone – T3 is five times 

more potent than T4. 
 T4 has slower onset of action than T3. 
 The half life of T3 is about 1 day and for T4 it is about 6 to 7 days, which is very 

remarkable since other hormones have a half life in minutes only. 

REGULATION OF THYROID SECRETION 

 TSH from anterior pituitary stimulates the secretion of T4 and T3 by the thyroid gland. 
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 The TSH promotes iodide trapping, increases iodination of tyrosine and coupling of 
iodotyrosines to form thyroid hormones. 

 TSH increases follicular cell size and number thereby thyroid hormones synthesis. 
 TSH and T4 secretions are controlled by the level of hormones in blood by long - loop 

negative feedback or servomechanism. 
 TRH from hypothalamus regulates thyroxine release through TSH release. 
 Exposure to cold increases TRH secretion from hypothalamus causes increased 

secretions of TSH and thyroid hormones and increased metabolic rate. 

FUNCTIONS OF THYROID HORMONES 

 The effects of thyroid hormones can be roughly divided into two sections 
o Morphological (growth and development)  
o Functional (metabolic). 

MORPHOLOGICAL (GROWTH AND DEVELOPMENT) EFFECTS 

 Thyroid hormones are required for normal growth and skeletal maturation. 
 They potentiate the effects of GH and act in synergy with GH in promoting normal 

growth of animals. TH is required for maturational changes in vertebrates and helps the 
growth of the young birds and mammals. Even though GH stimulates growth, for 
differentiation thyroid hormones are essential. 

 TH helps in metamorphosis in amphibians. Thyroxine administration causes 
differentiation of tadpoles into frogs. 

 Thyroxine controls the growth and eruption of the teeth and also horns in sheep and 
antlers in deer. Hypothyroidism severally retards the eruption of permanent teeth. 

 TH is also necessary for the normal development of nervous tissue in fetus and neonates. 
Thyroid deficiency in young leads to retardation of mental activity. 

 TH acts synergistically with sex steroids to function in growth and maintenance of comb 
in roosters and moulting of feathers in birds. 

 In mammals, renewal of epidermis and hair follicles are affected by thyroxine. 
Thyroidectomized cattle and sheep have thinner hairs, which are coarse and brittle. In 
growing lamb, thyroxine deficiency may severally impair the quality of the adult fleece. 

 In human beings and sometimes in dogs, hypothyroidism causes subcu-
taneous oedema due to accumulation of mucopolysaccharide rich material under the 
skin. This condition is called as myxedema. Myxedema and alopecia have also been 
observed in calves and pigs born to iodine-deficient mothers. 

 TH helps the normal process of spermatogenesis, folliculogenis, and maturation of 
follicle, ovulation and maintenance of a healthy pregnant state. 

 Reproductive failure is often a major sign of thyroid deficiency. Iodine deficiency causes 
birth of excessive numbers of weak or dead young. Abortion, stillbirth, and the live birth 
of weak young are the major problems of hypothyroidism. Less severe deficiency will 
result in delayed puberty, irregular estrous, anestrus, and reduced fertility in the females 
and decreased testicular growth, impaired spermatogenesis and lowered libido in males. 
In rams, a seasonal reduction in semen quality has been associated with hypothyroidism. 

 The accessory reproductive glands, which are most sensitive to the effect of the thyroid 
hormone, are the mammary gland. 

 Thyroxine is a powerful galactopoietic agent; 
 Thyromimetic agents have been tried as a means of increasing milk production. 

Iodinated casein fed to cattle increased milk production by 10-30 %. 
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FUNCTIONAL (METABOLIC) EFFECTS 

 Thyroid hormone increases the metabolic rate and stimulates growth in young 
ones. It increases the rate of O2 consumption (up to 200%) and heat production 
which is known is calorigenic effect. 

 Thyroid activity increases following low environmental temperature, thus 
involved in thermo-regulation to increase internal heat production by non-
shivering thermogenesis 

 Thyroid hormone causes increased metabolic activities in almost all tissues of 
body except the brain, retina, spleen, testes and lungs. 

 Thyroid hormone increases the size and number of mitochondria to increase the 
ATP production. It increases the activities of the respiratory enzymes and 
enzymes involved with glucose oxidation and gluconeogenis. It stimulates 
Na+-K+ ATPase activities, favours cations transport and thus stimulates 
mitochondrial O2 utilization. 

 BMR is greatly increased by Thyroid hormone . 
 Thyroid hormone increases cardiac output ensuring sufficient O2 delivery to the 

tissues. It potentiates the actions of β -adrenergic receptors to catecholamines, 
thus stimulates the rate and force of contraction of the heart. 

 Thyroid hormone increases glucose absorption from the intestine and facilitates 
insulin-mediated glucose absorption by the cells and produces glycogenolysis. 

 Thyroid hormone increases protein synthesis by stimulating mRNA synthesis and 
the rate of formation of proteins (enzymes) by ribosomes. 

 It activates catabolic pathway and inhibits anabolic pathway. It enhances the 
actions of catecholamines which include non-shivering thermogenisis, lipolytic, 
glycogenolytic, gluconeogenic and insulin secretion . 

 Thyroid hormone potentiates the stimulatory effects of other hormones on 
metabolism by increasing the uptake of glucose by cells, enhanced glycolysis, 
gluconeogenesis, and absorption from gastro-intestinal tract lipolysis, 
ketogenesis and proteolysis. 

 Thyroid hormone lowers blood cholesterol level due to increased removal by 
liver, mobilizes fat for energy, depletes fat stores of the body, increases free fatty 
acid levels in blood and enhances oxidation of fatty acids. One of the major 
metabolic results of thyroid deficiency is a marked increase in the serum 
cholesterol, phospholipids, triglycerides and decreased free fatty acid levels. 

 The thyroid hormones influences nervous functions at all levels. Injection of 
thyroxine causes increased spontaneous electrical activity in the brain. 

 Thyroxine enhances the speed and amplitude of reflexes, wakefulness, alertness 
to various stimuli, awareness of hunger, memory and learning capacity. It 
regulates creatine phosphate production and storage in the muscle tissue. 

 Thyroid deficiency is a major factor for obesity and increased body weight. 

HYPERTHYROIDISM 

 Hyperthyroidism: The entire thyroid gland is hyperplastic, increase in size to two to 
three times normal; cell number is also increased with increase in secretion rate. 
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 These changes are brought about by antibodies (thyroid stimulating antibodies -TSI) 
that bind with thyroid cell membrane receptors similar to TSH and induce continual 
activation of the cells. The antibodies develop as autoimmunity against TSH 
receptors. This condition is called as toxic goitre or thyrotoxicosis or Grave’s Disease 
in human beings. Plasma TSH level is usually low. 

 Hyperthyroidism occurs in toxic goitre and thyroid tumours of older cats. 
 Symptoms: Intolerance to heat, increased sweating, weight-loss, diarrhoea, muscle 

weakness, psychic disorders etc. In hyperthyroidism protrusion of eyeball occurs - 
called as exophthalmous. 

 Treatment for hyperthyroidism is surgical removal of the thyroid gland; injection of 
radioactive iodine (I2 taken by the gland and radioactivity destroys the gland cells). 

HYPOTHYROIDISM 

 Goitre means enlarged thyroid gland. 
 Insufficient I2 intake in animals and man leads to goitre known as endemic goitre. 
 Lack of I2 reduces thyroid hormone synthesis and the reduced blood TH enhances TSH 

from adenohypophysis. The TSH stimulates the thyroid gland to secrete excess 
thyroglobulins into the follicles and the gland grows very large. But the thyroid hormone 
secretion cannot be increased due to lack of I2 leading to further increase in TSH 
secretion. Hence this condition is called as endemic colloid goitre. 

 Mild thyroiditis causes slight hypothyroidism which leads to increased TSH secretion 
and the gland enlarges producing non-toxic or colloid goitre. 

 Hypothyroidism is common in dogs. 
 Ingestion of goitrogenic substances also causes goitre. 

Symptoms 

 Fatigue, somnolence, muscular sluggishness, reduced heart rate, decreased blood 
volume, increased weight, constipation, mental sluggishness, hair falling and edematous 
appearance of whole body, bagginess of eyes, and swelling of face. Increased quantities of 
mucoplysaccharides accumulate in the interstitial spaces leading to myxedema. 

 When hypothyroidism is severe during foetal life, infancy and in young age especially in 
humans, there is failure of body growth and CNS development is impaired with brain 
hypoplasia and this condition is called as cretinism – physical and mental growth are 
retarded; skeletal growth is inhibited, soft tissues enlarge greatly and the cretin appears 
obese and stocky. 

Treatment 

 Oral ingestion of thyroid hormone. 
 Hypothyroidism results in retarded growth while in hyperthyroidism, excessive skeletal 

growth in young animals. 

ANTITHYROID COMPOUNDS 

 Drugs or agents that depress the thyroid secretion are called as antithyroid compounds. 
 The major cause of goitre in man and farm animals is a simple dietary iodine deficiency. 
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 Certain foodstuffs contain substances that inhibit thyroid activity. This goitrogenic 
activity is seen in feeding of cabbage, and other cruciferous plants, e.g., turnip, soybeans, 
linseed, peas, rapeseed, mustard seed and peanuts. 

 A potent goitrogenic compound, goitrin, is responsible for most of the antithyroid 
activity of the rapeseed, mustard seed. However, the goitrogenecity of many plants is 
also due to the presence of other goitrogens such as thiocyanate. 

 Since thiocyanate and other chemical radicals interfere with the trapping of iodine by the 
thyroid gland, the goitrogenicity of these radicals can be overcome by feeding excess 
iodide. 

 It is more difficult to overcome the effect of goitrin and related compounds, since they 
interfere with the organic binding of iodine and not with the iodine trap. 

 Other anti thyroid compounds includes sulfonamides, D-amino salicylate and 
chlorpromazine. 

 The compounds exerting the most potent antithyroid activity are the 
thiocarbamides, thiourea and thiouracil compounds which inhibit either the conversion 
of iodide to iodine or the organic binding of molecular iodine with tyrosine or the 
conversion of T4 to T3. 

 These antithyroid substances are useful in the treatment of hyperthyroidism. 

CHAPTER-11: CALCIUM HOMEOSTASIS 

Learning objectives 

This chapter explains the following 

 Role of calcium in body function 
 Regulation of blood calcium level by PTH, calcitonin and vitamin D3 
 Disorders of the calcium metabolism. 

ROLE OF CALCIUM AND PHOSPHORUS 

 Calcium is important for 
o Muscle contraction 
o Nerve cell activity 
o Release of hormones by exocytosis 
o Activation of number of enzymes 
o Coagulation of blood 
o Maintaining stability of cell membrane 
o Maintaining structural integrity of bone and teeth 

 Phosphate is important for 
o Structure of bone and teeth 
o As part of cell membrane organic PO4 
o As part of number of intracellular components 

 About 99% of the body’s Ca2+ is in the bone and a very small amount is in the plasma 
(1%). In most animals and in non-laying birds the blood Ca ranges between 7.9 and 11.7 
mg/dl except in horses in which it is between 10.4 and 13.4 mg/dl and in layers 17-
39mg/dL. 

 The smallest ECF Ca2+ pool is the most vigorously controlled Ca2+ pool in the body and 
it is composed of interstitial Ca2+, blood Ca2+ and bone Ca2+ in solution. 
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 The most important regulation of Ca2+ between bone and ECF involves the soluble Ca2+ 
of bone which is the source of ready exchange of ions with blood and it is located 
between osteoblasts. 

 Plasma Ca2+ exists in three forms – (1) free or ionizable Ca2+ (2) complexed to HCO3, 
citrate, PO4 (3) bound to plasma proteins. Free or ionizable Ca2+ is predominant (50%) 
and is in constant exchange with ECF Ca2+. This is the physiologically active Ca2+ which 
participates in many biochemical functions. 

 Bone Ca2+ exists in two forms (1) a readily exchangeable reservoir and (2) larger stable 
pool which is slowly exchangeable. Two independent homeostatic systems operate on the 
bone Ca2+ – one is the system that regulates plasma Ca2+ and about 500mmol Ca/day 
moves into and out of the readily exchangeable pool in bone. The second is concerned 
with bone remodelling by interplay between bone resorption and deposition and this 
accounts for bone formation and this pool is about 7.5mmol/day. 

BONE CELLS 

 In bones there are two types of cells –osteoblasts and osteoclasts that are responsible for 
bone formation and bone reabsorption respectively. Osteoblasts are bone forming cells 
which secrete alkaline phosphatase and collagen for the organic matrix . 

 The osteoblasts after the formation of organic matrix are embedded into the matrix and 
now they are termed as osteocytes. Alkaline phosphatase promotes precipitation of 
calcium phosphate on the organic matrix and thus helps in bone mineralization. 

 Osteoclasts are motile, multinucleated, large cells derived from monocytes and they 
actively reabsorb bone leaving a lacuna in the bone and thus these cells are bone 
reabsorption cells. 

 

PARATHYROID GLAND 
CHEMISTRY 

 Parathyroid hormone (PTH) is a single chain polypeptide containing 84 amino acids. 
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 PTH is synthesized as part of a large molecule containing 115 amino acids called pre pro-
parathyroid hormone (pre-pro PTH) by the ribosome. 

 This large molecule is converted to pro-PTH composed of 90 amino acids in the rough 
endoplasmic reticulum. It moves to the Golgi apparatus and is enzymatically cleaved to 
produce the biologically active PTH. 

 Active PTH may be secreted directly or packaged into secretory granules. 

PARATHYROID GLAND 
REGULATION OF PTH SECRETION 

 Parathyroid hormone has a unique feedback control by the concentration of calcium and 
to a lesser extent magnesium ion in serum. 

 Low blood level of ionized Ca2+ stimulates rapid and pronounced release of parathyroid 
hormone 

 Calcium has a negative feedback effect on PTH release. 
 Magnesium ion has an effect on parathyroid secretory rate similar to that of calcium, but 

its effects is not equipotent to that of calcium. The concentration of blood phosphates has 
no direct regulatory influence on the synthesis and secretion of PTH. 

 PTH is essential for life. 

PARATHYROID GLAND 
BIOLOGICAL EFFECTS 

 Parathyroid hormone is the principal hormone involved in the minute-to-minute and 
fine regulation of blood calcium level in mammals. 

 It exerts its biological action by directly influencing the function of target cells, primarily 
the bone and kidney and indirectly in the intestine to maintain plasma Ca level 

On bone 

 Osteoclastic osteolysis: PTH activates osteoclasts to cause the breakdown of bone and 
releases Ca into the blood. Only osteoblasts but not osteoclasts have PTH receptors and 
hence the osteoblasts bind with PTH. Osteoclasts are stimulated by PTH indirectly 
through osteoblast-binding with PTH. 

 The initial binding of PTH to osteoblasts lining the bone surface exposes the bony matrix 
followed by attraction of osteoclasts to the resorptive bony surface. The mature 
osteoclasts are attached to the resorptive bony surface and they cause the dissolution of 
the bony matrix, thus the bone resorption. 

 The plasma membrane of the active osteoclasts is modified into numerous projections 
known as ruffled or brush border. The osteoclasts form a sealed chamber within a 
restricted area at the place of attachment. 

 At this restricted area, low pH is created by the accumulation of lactic, citric acids and 
H+ released from carbonic acid by carbonic anhydrase. 

 Low pH and increased lysosomal enzymatic actions of acid phosphatase and collaginase 
favour hydrolysis of bony substances, and thus release Ca ions along with organic 
component, hydroxyproline. These products are transported to plasma by pump 
mechanism. 

 PTH also stimulates conversion of osteoprogenitor cells to osteoclasts, and sustains 
osteoclastic activity and inhibits osteoblastic activity. 
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On kidney 

 It increases tubular reabsorption of calcium,whereas increases urinary excretion of 
phosphates, (phosphaturia), K+,bicarbonate, Na+ and amino acids and urinary excretion 
of hydroxyproline. It also causes renal retention of H+ ions. 

 PTH activates 1 α - hydroxylase to convert 25 hydroxy cholecaliferol to 1, 25 
dihydroxycholecaliferol (vitamin D3) in the kidney. 

On intestine 

 Promotes absorption of Ca and PO4 from GI tract by activating 1, 25 DHCC. 

On Blood 

 Elevates the blood Ca concentration and decreases the blood PO4 concentration. 

CHEMISTRY AND REGULATION OF SECRETION OF 
CALCITONIN 

 Calcitonin (thyrocalcitonin) is secreted in the mammalian thyroid gland 
by parafollicular or ‘C’ cells of thyroid gland which are found in the interstitial tissue 
between the follicles. 

 In reptiles, amphibians and birds, CT is secreted from ultimobranchial glands. 

Chemistry of Calcitonin 

 Calcitonin is a polypeptide hormone composed of 32 amino acid residues arranged in a 
straight chain with a1-7-disulphide linkage. 

 The structure of calcitonin differs considerably between species. 

Regulation of Calcitonin Secretion 

 Hypercalcemia and to a lesser extent increased levels of blood magnesium will stimulate 
CT secretion. 

 Glucagon, the gastro-intestinal hormones, gastrin, secretin and CCK produced by the 
presence of food in the GI tract are the stimulants for CT release. Glucagon with gastrin 
provides the most potent stimulation in the secretion of CT. 

 Gastro-intestinal hormones may be important in triggering the early release of calcitonin 
to prevent the development of hypercalcemia following the ingestion of high calcium 
meal. 

 CT protects the skeleton during Ca stress like during growth, pregnancy and lactation. 
 Calcitonin secretion is increased in response to a high calcium meal; often before a 

significant rise in plasma calcium can be detected. 

BIOLOGICAL EFFECTS OF CALCITONIN 

 Calcitonin is calcium lowering hormone. 
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o With respect to plasma Ca level, CT antagonises the actions of PTH by inhibiting 
osteoclastic bone resorption. Calcitonin stimulates the development of various 
degrees of hypocalcemia and hypophosphatemia. 

o Increased blood calcium level is the principle stimulus of CT release. It causes 
decreased movement of calcium ions from the bone calcium pool (behind the 
osteoblast-osteocyte barrier) to extra cellular fluid. 

o Osteoclasts have receptors for calcitonin. CT decreases bone resorption through 
an inhibitory effect on osteoclasts. CT also increases movement of phosphate 
from the extra cellular fluid into bone, thus helps deposition of Ca2+ ions by 
activating osteoblastic activity . 

o CT increases Ca2+ excretion through kidneys. 
o It increases osteoblastic activity, but inhibits the formation of new osteoclasts 

from osteoprogenitor cells. The CT prevents the postprandial hypercalcemia. 
o CT has similar effect as PTH on renal phosphate elimination; i.e., increases 

phosphate elimination through kidneys by reducing phosphate resorption. 

PHYSIOLOGICAL SIGNIFICANCE OF CALCITONIN AND PTH 

 Calcitonin and parathyroid hormone provide a reciprocal inhibitory control 
mechanism to maintain the concentration of calcium in extracellular fluids within 
narrow limits. 

 Parathyroid hormone is the major factor concerned with the minute-to-minute 
regulation of blood calcium under normal conditions. 

 CT is a short-termregulator of blood calcium and it operates more rapidly compared 
with PTH. 

 CT function more as an emergency hormone to prevent the development of 
hypercalcemia during the rapid postprandial absorption of calcium and to protect 
against excessive loss of Ca and phosphates from the maternal skeleton during 
pregnancy and lactation. 

CALCITRIOL 

 The third major hormone involved in the regulation of calcium metabolism and skeletal 
remodelling is calcitriol or cholecalciferol (vitamin -D3) or irradiated ergosterol (vitamin 
-D2). 

 Cholecalciferol is ingested in the diet and also synthesized from 7-dehydrocholesterol by 
ultraviolet irradiation. 

Synthesis 

 Epithelial cells of the skin synthesise the precursor of vitamin D, 7-dehydrocholesterol 
from acetate. Exposure to sun changes 7-dehydrocholesterol to inactive vitamin D. 

 After absorption or synthesis, the cholecalciferol is bound to an alpha -2 globulin 
(vitamin D binding protein – DBP) in the blood, transported to the liver for its 
conversion into 25-hydroxycholecalciferol (calcidiol) by 25- hydroxylase. 

 In the kidney 25-hydroxy cholecalciferol is converted into 1, 25 dihydroxy cholecalciferol 
(DHCC)by a rate limiting enzyme 1-α hydroxylase. 1,25 DHCC exerts strong product 
feedback inhibition on 1 alpha hydroxylase in the kidney. 

 When Ca is normal or in excess, kidneys produce 24,25 DHCC which is inactive. 
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 Activation of renal hydroxylase is stimulated by PTH, low serum Ca level, low serum 
PO4 level, prolactin and estrogen and is inhibited by hypercalcemia, high serum PO4 level 
and CT. 

BIOLOGICAL EFFECTS OF CALCITRIOL 

 Following synthesis in the kidney 1, 25 DHCC is transported in a protein-bound form 
which is known as transcalciferin ( a -globulin) to specific target cells in the intestine 
and bone. 

 In the intestine, it stimulates increased synthesisof vitamin-D dependent proteins such 
as Calcium Binding Protein (CaBP) and calmodulin by intestinal cells which contributes 
to increased intestinal absorption of Ca. 

 It also promotes intestinal absorption of phosphorus. 
 Calcitriol is also necessary for osteoclastic resorption and Ca mobilisation from bone. 
 It increases the reabsorption of Ca from kidney. 
 An increase in 1, 25 DHCCinhibits the secretion of PTH. 
 DHCC induces stem cells to differentiate into osteoclasts to promote osteolysis 
 Calcitriol has permissive effect on PTH activity on osteoclasts 

PARTURIENT HYPOCALCEMIA IN DAIRY COWS 

 Parturient hypocalcemia is a metabolic disease of high producing dairy cows 
characterized by the development of severe hypocalcemia, hypophosphatemia and 
paresis near the time of parturition. 

 Total and ionized calcium levels in plasma decrease progressively beginning several 
days before parturition. Serum magnesium may increase reciprocally as calcium 
declines. 

 The blood glucose concentration is often increased in response to hypocalcemia due 
to an interference with the secretion of insulin from b cells. An adequate amount of 
calcium ion in extracellular fluid is required for insulin secretion in response to 
glucose. 

 PTH level is increased during this condition . 
 In certain cows, especially those fed high calcium diets during prepartum show 

increased secretion of calcitonin which might result in the inability of PTH to 
mobilise calcium rapidly from bone reserve to maintain blood calcium levels during 
the critical period near parturition. 

 Immediately after parturition the target cells in bone become temporarily 
refractive to the action of elevated levels of PTH. 

 Bone turnover, particularly resorption is low and only few osteoclasts are present on 
smooth inactive trabecular bone surfaces. 

 Urinary excretion of hydroxyproline does not increase significantly during late 
gestation which indicates poor breakdown of bone matrix. 

 Calcium homeostasis in pregnant cows fed a high Ca diet appears to be maintained 
principally by intestinal Ca absorption. 

 Feeding balanced or relatively low Ca diets during prepartum (last two weeks of 
gestation) prevents this disorder by mobilizing the required level of calcium from the 
bony matrix. 
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PUERPERAL TETANY OR ECLAMPSIA 

 This condition is seen in small hyper excitable breeds of dogs. 
 The bitch may develop severe hypocalcemia and often hypophosphatemia near the 

time of peak lactation (1-3 weeks) postpartum which is the result of failure of calcium 
homeostasis. 

 This failure is due to low Ca2+inflow to the body and high outflow of Ca2+ in the milk. 
 There will be restlessness, panting, nervousness, trembling, muscular tetany and 

convulsive seizures in 8- 12hours. 
 Administration of intravenous Ca2+combined with temporary removal of pups to 

reduce lactational drain of Ca2+will correct this problem . 
 Chronic hypocalcemia from dietary Ca deficiency, vitamin D deficiency or from 

kidney diseases is more frequent in animals. This hypocalcemia leads to 
hyperparathyroidism that produces skeletal demineralisation or excess bone 
reabsorption– e.g. rubber jaw syndrome in dogs. 

 Vitamin D deficiency leads to poor intestinal absorption of Ca with poor 
mineralization of bone leading to rickets in young animals and children 
and osteomalacia is adults . 

CHAPTER-12: REGULATION OF BLOOD GLUCOSE 
CONCENTRATION 

Learning objectives 

This chapter explains the following 

 Different cell types in islets of langerhans 
 Role of insulin in glucose homeostasis 
 Regulation of insulin secretion 
 Disorder of insulin secretion. 

BLOOD GLUCOSE 

 The normal blood glucose concentration varies from 62 to 120 mg/dl in dogs, cats,horses 
and pigs; in cows, sheep and goats it varies from 42 to 80 mg/dl; adult ruminants have 
lower level than newborn ruminants. 

 The normal blood level is termed euglycaemia; when the blood glucose level is increased 
it is hyperglycemia and a decreased level is hypoglycaemia. 

Control of blood glucose 

 There are two major sources of blood glucose 
o Dietarycarbohydrates – absorbed from intestine 
o Synthesisof glucose in liver – from glucogenic substances – glycogen, glucogenic 

aminoacids, glycerol and propionate in ruminants,  

Role of Liver 
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 Liver is the major organ involved in regulating blood glucose. After a carbohydrate meal, 
the increase in blood glucose is prevented by liver by converting glucose to glycogen and 
fatty acids. Liver can store glycogen up to 10 to 15% of its weight. During decrease in 
blood glucose level, liver glycogen is broken down to glucose and released into 
circulation. 

Role of Hormones 

 The only hormone that produces hypoglycaemia is insulin 
 All other hormones – glucagon, growth hormone, cortisol and epinephrine have 

hyperglycaemic effect. 
 When insulin effect is removed by pancreatectomy, IGF-I sustains weak insulin activity 

(but not sufficient to maintain life). 
 Glucagon and epinephrine promotes glycogenolysis while insulin has antagonistic effect 

of glycogenesis. Molar ratio of insulin: glucagon rather than the absolute concentration is 
the determining factor of glycogen breakdown or synthesis. Glucagon stimulates 
gluconeogenesis from amino acids. 

Glucose tolerance test 

 The capacity of the body’s control mechanisms to regulate blood glucose level canbe 
evaluated by oral glucose tolerance test. 

 About1 to 2 g of glucose / kg weight is given orally and blood samples are collected 30 
min intervals for 120 or 240 min. 

 In normal dogs, blood glucose level should reach close to 160 mg/dl in 30 to 60min and 
the level should reach the baseline normal values by 120 to 180 min. 

 In horses, by 120 min, the glucose level should reach 175 mg/dl which should return to 
normal by 360 min. 

PANCREAS 

 The pancreas has both endocrine and exocrine functions. 
 In 1869, Langerhans described the islet cells of the pancreas. In 1921, Banting and Best 

isolated pancreatic extract containing insulin from the islet cells. Sanger and his 
associates in 1955 elucidated the chemical structure of insulin. 

 The endocrine portion of the pancreas consists of clusters of cells called islets of 
Langerhans. Four kinds of cells are found in these clusters. 

Endocrine Cells and Hormones of Pancreas 

o α (A) Cells (20%) -> Glucagon. 
o β (B) Cells (70%) -> Insulin. 
o δ (D) Cells (<5%) -> Somatostatin 
o F Cells (<5%) ->pancreatic polypeptide (PP) 

 Insulin and glucagon are often secreted and act reciprocally. Glucagon and insulin are 
concerned with regulation of blood sugar level. 

INSULIN 
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 Insulin, a protein hormone with 51 amino acids contains two polypeptide chains (A & B) 
with 21 and 30 amino acids respectively connected by two disulphide bridges with a third 
disulphide bridge in the A-chain. 

 Insulin is synthesised as preproinsulin, processed in the endoplasmic reticulum and 
released. 

 During processing of proinsulin, along with insulin another polypeptide called C 
peptide is produced which also enters the plasma along with insulin. 

 Levels of C peptide in plasma indicate beta cell function in insulin deficient patients. 
 Insulin has a half-life of 5 minutes. 
 Structurally insulin of dogs, cats and pigs is identical. Insulin from cattle, sheep, horse, 

pig and dog differs only in positions 8th, 9th and 10th in A chain, hence the biological 
actions of insulin are not highly species specific. Insulin from one species is mildly 
antigenic when injected into another. 

BIOLOGICAL EFFECTS OF INSULIN 

 Liver, skeletal muscle and adipose tissue are the principal target organs of insulin where 
it enhances the entrance of glucose, amino acids, fatty acids, K+ and Na+ ions. 

 It stimulates glycogenesis, lipogenesis, glycolysis and protein synthesis, whereas it 
inhibits gluconeogeneis, lipolysis and ketogenesis. 

 It lowers blood glucose, fatty acids and aminoacids levels and promotes intra cellular 
conversion of these compounds to glycogen, triglycerides and protein respectively 

On Carbohydrate Metabolism 

 Glucose does not readily penetrate the cell membranes except in neurons, liver, 
intestinal epithelium, RBCand WBC, renal tubular epithelium and retina. 

 Presence of insulin causes more amount of glucose entry (2 to 5 fold more) through the 
plasma membrane into the muscle and adipose cells. 

 Glucose can be transported down their concentration gradient across the cell membrane 
by transport proteins called glucose transport proteins (GLUTs) which are present in the 
cell membrane of all cells. Detection of plasma glucose by pancreatic islet cells as well as 
uptake/ release of glucose from cells involve GLUT. GLUT is present in many isoforms 

 When insulin concentration rises in the plasma, number of GLUT-4 molecules increases 
in the cell membrane and glucose transport into the cell is increased 

 In liver, insulin activates the enzyme glucokinase to initiate phosphorylation of glucose, 
thus the glucose is trapped inside the liver cells. 

 Insulin promotes the activities of glycogen synthase to favour glycogenesis, while 
it inhibits phosphorylase and prevents the split of glycogen into glucose. 

 Liver can store glycogen up to 10 to 15% of its mass. 
 The normal resting muscle membrane is almost impermeable to glucose. In the presence 

of insulin, glucose permeability is increased and muscle glycogen synthase activity is 
enhanced. 

 However during heavy exercise the muscle membrane becomes highly permeable to 
glucose even in the absence of insulin. Much of the glucose in the muscle is stored in the 
form of muscle glycogen instead of being used for energy. Approximately 75% of the 
glucose is converted into glycogen and only 20 to 30% undergo glycolysis. 

 In many cells, insulin facilitates glycolysis by activating glycolytic enzymes. 
 Insulin inhibits proteolysis in the peripheral tissues, thereby reducing amino acid 

availability for gluconeogenesis. 
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On Fat Metabolism 

 Insulin by increasing rate of utilization of glucose in many body tissues functions as fat 
sparer. 

 In the liver when the liver glycogen level goes above 15%, insulin promotes the 
conversion of glucose to fatty acid and their transport to the adipose cells for triglyceride 
synthesis and storage. Insulin increases acetyl-CoA formation from pyruvate, the 
substrate for fattyacids synthesis. Glycolytic break down of glucose by insulin supplies 
large quantities of a -glycerophosphate which is the source of glycerol. Binding of 
glycerol with fatty acids forms triglycerides; the triglycerides are transported to adipose 
tissue and stored as fat. 

 Insulin also promotes glucose transport into adipose cells, where they are converted to a- 
glycerophosphate and to glycerol for triglyceride synthesis. 

 Insulin inhibits the action of hormone-sensitive lipase and prevents hydrolysis of the 
triglycerides in adipose tissue and release of fatty acids into the circulating blood. 

 Insulin diminishes beta oxidation of fat, thus inhibits ketone body production. In 
adipose tissue, insulin induces the synthesis of lipoprotein lipase, (promotes movement 
of fatty acids into adipose tissue) inhibits intracellular lipase and enhances fatty acid 
esterification. Cholesterol synthesis is also enhanced by insulin. 

Ketogenic and Acidotic Effects of INSULIN LACK 

 Lack of insulin promotes the activation of hormone -sensitive lipase and rapid 
breakdown of fatty acids from the liver and adipose cells and excessive production of 
acetyl - CoA. 

 Portion of acetyl-CoA utilized for energy in the liver; excess is condensed to form 
acetoacetic acid, beta hydroxy butyric acid and acetone, which are the ketone bodies and 
their presence in large quantities in the body fluids is called as ketosis. 

On Protein Metabolism 

 Insulin acts along with growth hormone and cause active transport of amino acids into 
the cells and increases the rate of transcription of DNA in the cell uncles, thus affects the 
ribosomes to increase the translation of messenger RNA forming new proteins. 

 Insulin greatly enhances the rate of protein synthesis and prevents the degradation of 
proteins for gluconeogenesis and promotes positive nitrogen balance. 

 Due to its effects on protein metabolism,insulin is required for growth of the animal; GH 
and insulin act synergistically to promote growth. 

REGULATION OF INSULIN SECRETION 

 The most important factor in the control of insulin secretion is the concentration 
of blood glucose. Increased concentration of blood glucose initiates the synthesis 
and release of insulin by positive feedback mechanism. 

 Gastrin, secretin, CCK, gastric inhibitory peptides, ACTH, cortisol, estrodiol, GH, 
glucagon, progesterone, thyroxine and acetylcholine, amino acids (arginine and 
lysine are the most potent) and fatty acids in plasma stimulate insulin secretion. 

 In sheep the short chain fatty acid butyrate and propionate stimulates the release 
of insulin, whereas in dog the long chain fatty acids stimulate insulin release. 
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 Glucagon has direct stimulatory effect on beta cells and insulin secretion, 
whereas somatostatin and adrenergics inhibit the secretion of insulin. 

 Calcium is the final triggering step in the release of insulin from the islet cells; 
hence hypocalcemic condition in cows and pigs depresses insulin secretion. 

Last modified: Monday, 23 April 2012, 02:12 PM 

DIABETES MELLITUS 

 Diabetes mellitus is a metabolic disorder of carbohydrates, proteins and fats due to 
deficiency of insulin and with insulin resistance. It is observed in dogs, humans and cats. 

 Diabetes mellitus can be classified into three types – Type I, Insulin-dependent diabetes 
mellitus – (IDDM); Type II – noninsulin-dependent diabetes mellitus – (NIDDM) 
and impaired glucose tolerance (IGT). 

 Type I diabetes mellitus is characterized by loss of beta cells leading to insulin deficiency. 
 Type II diabetes is characterized by insulin resistance which may occur along with 

reduced insulin secretion. Type 2 diabetes is the most common type. 
 Diabetes mellitus is characterized by persistent hyperglycemia 
 A fasting blood glucose level of 125mg/dl or more is suggestive of diabetes mellitus. 
 Insulin deficiency affects entire metabolism of the organism: fat, protein, carbohydrate, 

electrolyte and water. It leads to the inability of peripheral tissues to use glucose for 
energy or for glycogen synthesis, whereas it stimulates glycogenolysis and 
gluconeogenesis which results in hyperglycemia. 

 Glucose appears in urine (glucosuria) and causes osmodiuresis leading to water and 
electrolyte loss, polyuria, dehydration and hemoconcentration. Other signs include 
polyphagia, polydipsia, and hypercholestrolemia. 

 Insulin deficiency activates hormone-sensitive lipase activity leading to increased fatty 
acid mobilization for oxidation and energy, increased acetyl-CoA formation which on 
conversion to ketone bodies causes ketonemia and ketonuria. 

 Protein catabolism is enhanced in insulin deficiency and amino acids are used for 
gluconeogenesis. There is a negative nitrogen balance with weight loss. BUN is elevated 
in dogs. 

 Pituitary diabetes is weakly sensitive to insulin whereas adrenal diabetes is moderately 
insulin sensitive and pancreatic diabetes is highly sensitive to insulin. 

 When plasma glucose is elevated for a long time, small amounts of Hb are non-
enzymatically glycosylated to form HbA1c. Controlling the diabetes with insulin reduces 
this level; HbA1c concentration is measured clinically as an index of diabetic control for 
the 4-6 week period before the measurement. Higher level will be observed in poorly 
controlled diabetes. 

CHAPTER-13: GLUCAGON 

Learning objectives 

This chapter explains the following 

 Role of glucagon in glucose homeostasis 
 Functions of somatostatin and pancreatic polypeptide. 

Last modifi 
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GLUCAGON 

 Glucagon is the hyperglycemic factor secreted by the alpha cells of the pancreas and L 
cells of GI tract. It has 29 amino acids in straight chain and synthesized as 
preproglucagon. 

 There is a considerable homology in the amino acid composition of glucagons of 
different species. Glucagon is also produced from other sites–from stomach gut 
glucagons (identical to pancreatic glucagons), and from small 
intestine glycentin (immunologically similar to pancreatic glucagons) are produced. This 
catabolic peptide hormone raise plasma sugar levels. Its secretion from the alpha cells of 
the pancreatic islets is directly stimulated by: 

o low plasma glucose concentrations: glucagon levels rise in the postabsorptive 
state some hours after a meal. 

o high levels of circulating amino acids. This may be important in the maintenance 
of normal plasma glucose levels during absorption of a protein meal, since amino 
acids also stimulate insulin secretion and this might cause hypoglycaemia in the 
absence of any opposing action on carbohydrate metabolism. 

Regulation of Secretion 

 Low blood glucose level stimulates glucagon synthesis and release. 
 Glucogenic amino acids–serine, glycine, alanine are powerful activators of glucagon 

output 
 Both insulin and glucagon work in-tantum to regulate blood glucose. 
 Both sympathetic and parasympathetic systems of ANS, hypoglycemia, gastrin, CCK, 

gastric inhibitory polypeptide, glucogenic amino acids, protein ingestion and exercise or 
stress stimulate glucagon release while increased levels of glucose and fatty acids and 
secretin are inhibitory to glucagon release. 

 Somatostatin is more inhibitory to glucagon than to insulin. 

BIOLOGICAL EFFECTS 

 Glucagon has glycogenolytic, gluconeogenic, lipolytic and ketogenic effects 
 Glucagon blocks the synthesis of glycogen by inhibiting the enzyme glycogen synthase. 

By activating phosphorelase, glucagonstimulates glycogenolysis and gluconeogenesis. It 
stimulates adenylcyclase activity in the liver cells and formation of cyclic AMP to activate 
protein kinase, a regulator protein. Protein kinase activates phosphorylase-b kinase that 
converts phosphorylase-b to phosphorylase-a and promotes the degradation of glycogen 
into glucose-1-PO4 which on dephosphorylation yields glucose in liver cells. It also 
promotes lipolysis. 

 Gluconeogenesis is enhanced. It decreases the activities of glycolytic enzymes. The ratio 
between phosphofructokinase and fructose 1-6-diphosphatase determines the relative 
rate of glycolysis and gluconeogenesis. 

 It also promotes lipolysis by stimulating hormone-sensitive lipase activity in the adipose 
tissue. 

 Glucagon secretion begins with ingestion of food and increases with the interval from 
food ingestion and declining blood glucose level. This helps the animal to mobilize 
energy stores for maintaining glucose homeostasis i.e., prevent postprandial hypogly-
cemia. 

 In birds, glucagon has a predominant role than insulin on carbohydrate metabolism. 
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 Glucagon is a ketogenic hormone, activates the hormone-sensitive adipose tissue lipase 
in adipose tissues to cause lipolysis. 

 It inhibits Na+ resorption from the renal tubules causing natriuresis 

SOMATOSTATIN 

 It is available in two molecular forms -14 and 28 amino acid peptides. 
 It acts as a humoral regulatory agent and found in CNS, pancreas and cells lining the 

GI tract. 
 Released from hypothalamus it inhibits the secretions of GH and TSH, 
 It may also acts as a neurotransmitter in retina and spinal cord. 
 It inhibits variety of metabolic and digestive functions. 
 Pancreatic somatostatin is the secretion from δ cells of the islets of Langerhans 
 It inhibits α, β and F cells thereby the secretion of insulin, glucagon and pancreatic 

polypeptide are inhibited. 
 Gastric somatostatin inhibits the secretion of gastrin, secretin, CCK and pancreatic 

exocrine secretions, HCl and pepsin secretions, GI motility and gall bladder activity, 
thereby the absorption of nutrients. 

 Somatostatin secretion is stimulated by increased level of glucose, amino acids, 
catecholamines, acetylcholine and glucagon. 

PANCREATIC POLYPEPTIDE 

 Pancreatic polypeptide is a peptide hormone, containing 36 amino acids and secreted by 
the stimulation of F (PP) cells in the islets of pancreas. 

 It is related to two other 36 amino acid polypeptides – polypeptide YY (PYY) of intestine 
and neuropeptide Y (NPY)of brain and ANS. 

 It increases gut motility and gastric emptying, stimulates the secretions of the intestinal 
hormones- gastrin, secretin and CCK. 

 It inhibits pancreatic enzyme secretion and gall bladder contraction. 
 Protein has stimulatory effect on its secretion, somatostatin inhibits its release. 

CHAPTER-14: ADRENAL CORTEX 

Learning objectives 

At the end of this chapter the learner will be able to understand the following 

 Different layers of adrenal cortex 
 Biosynthesis of adrenal steroids 
 Biological functions and clinical effects of glucocorticoids 
 Regulation of sodium level by aldosterone 
 Sex steroids secreted by adrenal cortex. 

ADRENAL CORTEX 
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 The adrenal gland also called suprarenal glands is composed of an outer portion-
the cortex (80 to 90% of gland) which secretes corticosteroids and the inner portion-
the medulla (10 to 20% of gland) which secretes catecholamines 

 In mammals the adrenal cortex is organized into three zones. 
 The outer zone, zona glomerulosa secrete the hormones mineralocorticoids 
 The middle zone, zona fasciculata secrete the hormones glucocorticoids. 
 The innermost zone, zona reticularis secrete androgens 
 The mineralocorticoids play an important role in electrolyte balance and also in the 

regulation of blood pressure. The major mineralocorticoid is aldosterone. 
 The glucocorticoids are important in the regulation of metabolism either directly or 

through an interaction with other hormones. The major glucocorticoid is cortisol. 
 The adrenal sex steroids are secreted from the inner layers. 
 Adrenal cortex is essential for life. 

 

Adrenal cortex layers 
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Picture source : Wikipedia 

SYNTHESIS OF ADRENAL STEROIDS 

 Adrenal cortical hormones are steroids having the base structure of cyclopentano 
perhydrophenanthrine ring. 

 All steroid hormones are synthesized from cholesterol. The cholesterol for steroid 
synthesis is mainly derived from circulating blood and is stored within steroid 
synthesizing cells in large quantities as lipid droplets or ester form. 

 A very small amount of cholesterol is synthesised by cortical cells. 
 There are three types of steroids 

o C21 steroids have 2 carbon side-chain at position 17 
o C19 steroids have keto or hydroxyl group at C17 and called as 17-ketosteroids 
o C18 steroids have keto or hydroxyl group at C17, no CH3 group at C10. 

 Adrenal steroids are mostly C21 and C19 steroids. 
 C19 steroids have androgenic activity andC21 are either mineralo or glucocorticoids. 
 The initial step in steroid formation is the hydrolysis of cholesterol ester by the 

enzymatic cleavage of carbon side chain from the steroid molecules, leaving a C-21 
steroid, the pregnenolone. 

 ACTH promotes adrenocortical steroidogenesis through the activation of cholesterol 
desmolase and is important in the conversion of cholesterol to pregnenolone and in C-17 
hydroxylation. This step occurs within the mitochondria. This is followed by 
hydroxylation at C-21 by C-21 hydroxylase. 

 The difference between the mineralocorticoids (aldosterone) and glucocorticoids 
(cortisol) is that only the glucocorticoids have a hydroxyl group on C-17, the hy-
droxylation is done by 17 α -hydroxylase, the enzyme present only in the cells of zona 
fasciculata but absent in zona glomerulosa. 

 Both aldosterone and glucocorticoids have hydroxyl group at C-11. O2 at C18 position is 
important for mineralocorticoid activity. 
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 In zona glomerulosa, 11 hydroxylase and 17 hydroxylase are absent. Deoxycorticosterone 
is converted to aldosterone through corticosterone by the enzyme aldosterone synthase 
present only in zona glomerulosa. 

 Birds, mice and rats secrete mostly corticosterone, dogs secrete equal amounts of cortisol 
and corticosterone, cat, sheep, monkeys and human secrete predominantly cortisol. 

 75% of glucocorticoid is carried in plasma in association with specific binding globulins, 
corticosteroid binding globulin (CBG) called transcortin, 20% in albumin and 5% in free 
form. 50% aldosterone is carried in albumin, 10% with CBG and the rest in free-state. 

 Plasma half life of cortisol is about 60 to 90 min and aldosterone is 20 min. 

GLUCOCORTICOIDS 

Cortisol, corticosterone, cortisone and 11-dehydrocorticosterone are the naturally occurring 
adrenal cortcal steroids. 

Structure of cortisol  

Glucocorticoids have primary effect on carbohydrate metabolism. 

 Hypoglycemia is a potent stimulus for cortisol release to maintain normal plasma 
glucose level during fasting. 

 Cortisol is very potent and 95% of all glucocorticoid activity is provided by cortisol. 
Corticosterone provides 4% of all glucocorticoid activity. 

 Prednesolone, a synthetic corticosteroid is 4 times more powerful anti-inflammatory 
than cortisol. Dexamethasone, another synthetic corticoid is 30 times more powerful 
anti-inflammatory than cortisol. 

 

Cortisol 

 Cortisol is a catabolic and diabetogenic hormone 
 It enhances the mobilization of aminoacids from the muscle, amino acids uptake by the 

hepatic cells for hepatic gluconeogenesis, glycogenolysis and also the conversion of 
pyruvate to glycogen. The net result is an increase in hepatic glycogen and an increase in 
blood glucose. 

 The effect of glucocorticoids on carbohydrate metabolism is "permissive" i.e., their 
presence is required for the gluconeogenic and glycogenolytic actions of glucagon and 
epinephrine, respectively. 

 Cortisol enhances the activities of phosphoenol pyruvate carboxykinase and hence the 
gluconeogenesis. 

 In pregnant animals it is important for the transport of glucose across the placenta. 
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 Glucocorticoids and insulin have similar effects on liver glycogen metabolism . 
 Cortisol stimulates increased liver glycogen deposition by inhibiting phosphorylase and 

stimulating glycogen synthase. However their effects on peripheral utilization of glucose 
are different. 

 Glucocorticoids inhibit glucose uptake and metabolism particularly in muscles and 
adipose cells which is referred as anti-insulin effect. 

 Glucocorticoids have direct effect on adipose tissue where it increases therate 
of lipolysis, thus plasma free fatty acids. It also potentiates the lipolytic actions of GH 
and epinephrine during fasting. It moderately enhances the utilization of fatty acids for 
energy. Glucocorticoids increase fat absorption and stimulate gastric acid and pepsin 
secretions. Cortisol also increases appetite. 

 The corticoids redistribute body fat i.e. fat is lost from limbs and accumulated in head 
and trunk giving a pot belly appearance. In humans it gives a moon face appearance. 

 Extrahepatic protein synthesis is inhibited by glucocorticoids, 
 Protein catabolism is enhanced with an accompanying release of amino acids to support 

hepatic gluconeogenesis. Entry of amino acids into extrahepatic cells is inhibited. The 
mobilization and incorporation of amino acids into glycogen results in an increased 
urinary excretion of nitrogen and causes negative nitrogen balance that is accompanied 
by muscle wasting and reduced protein stores. 

 Liver proteins and plasma proteins are increased contrary to protein depletion in other 
cells. 

 Cortisol decreases the synthesis of 1, 25 DHCC and blocks calcium absorption from GI 
tract, thus increases bone resorption and decrease bone formation. 

 Hyperactivity of cortisol depresses the development of cartilage and the formation of 
bone interrupting the growth. Cortisol inhibits secretion of GH from the 
adenohypophysis. Cortisol inhibits the synthesis of collagen and causes thinning of the 
skin and walls of capillaries. 

 The diurnal increase in cortisol level in early morning (6.00 to 8.00 A.M.) is essential 
for normal arousal and initiation of day time activities. An excess of cortisol interferes 
with sleep. 

 Glucocorticoids stimulates glomerular filtration rate and inhibit vasopressin activity at 
the level of distal tubule, thus play a role in water diuresis i.e., enhancement of water 
excretion. 

Clinical effects of glucocorticoids 

 Glucocorticoids have valuable clinical effects particularly concerning inhibition of 
inflammatory response including the prevention of capillary dilatation, extravasation of 
fluid into tissue spaces, leukocyte migration, and fibrin deposition and connective tissue 
synthesis. 

 Cortisol causes reduction in circulating lymphocytes, eosinophils and basophils by 
causing lysis of these cells and also phagocytosis by WBCs but produces neutrophilia. 

 Glucocorticoids suppress immune response by T lymphocytes and also reduce the 
antibody production. 

 Glucocorticoids inhibit the synthesis of inflammatory mediating compounds such as 
prostaglandins, thromboxanes and leukotrienes that arise as a result of arachidonic acid 
metabolism of injured cells by stabilizing the lysosomal membrane. 

 Cortisol inhibits the release of proteolytic enzymes and hyaluronidase from lysosome. 
 Glucocorticoids are used to inhibit allergic reaction through its inhibitory action on the 

release of histamine from the granules of mast cells. Hence cortisol is useful in 
preventing death during allergy or anaphylaxis. 
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 Prolonged administration of cortisol inhibits proliferation of fibroblasts and synthesis 
and deposition of collagen fibrils and prevents normal wound healing after injury. 

 Cortisol facilitates in-utero maturation of the GI tract, lung, CNS, retina and skin. It 
stimulates increased synthesis of surfactant and permits satisfactory breathing 
immediately after birth. Cortisol facilitates the enzymatic actions of the intestinal 
mucosa and this permit the new born to digest the di-saccharides present in the milk. 

 In both males and females excess of glucocorticoids inhibit LH release, enhances the 
ability of the sex steroids to suppress gonadotropin secretions through negative feedback 
mechanism, thus delays the onset of puberty. 

 Cortisol from the fetal adrenal cortex acts upon the placenta to reduce progesterone and 
increase estrogen secretion both of which promotes the synthesis and release of 
PGF2αand uterine contractions are stimulated to induce labor. 

Regulation of Glucocorticoids 

 Cortisol level rises in the early morning and declines in the afternoon and evening 
exhibiting a diurnal rhythm. 

 The secretion of the glucocorticoids by zona reticularis is regulated by ACTH. 
 A negative feedback system exists whereby glucocorticoids inhibit the release of CRH 

from the hypothalamus to decrease ACTH secretion by the pituitary. Cortisol has more 
potent negative feedback effect than corticosterone. 

 Another factor that can modify the negative feed back control of glucocorticoids is stress, 
which stimulates the secretion of glucocorticoids to several folds. ACTH administration 
depletes the zona fasciculata of cholesterol and vitamin C contents. 

 The adrenal cortical hormones are involved in the animal's adaptation to adverse stress 
known as general adaptation syndrome or fight or flight response. 

 Failure of adrenal cortex to produce cortical hormones lead to a condition 
called Addison's disease in human beings, dogs, cats and horses. 

 Hypersecretion of cortisol causes Cushing's syndrome where fat is mobilized from lower 
part of the body and deposited in thoracic, abdominal regions and face (moon face). 
Other clinical signs include polyurea, polyphagia, hirsutism, skin pigmentation, poor 
wound healing and thin skin.  

MINERALOCORTICOIDS 

 Aldosterone (electrocortin), deoxycorticosterone and 17-hydroxy-11 
deoxycorticosterone are naturally occurring mineralocorticoid of adrenal gland.  

 

 Aldosterone is very potent and contributes 95% of all mineralocorticoid activity. 
Deoxy corticosterone is 1/5thas active as aldosterone and secreted in very less 
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amounts. Corticosterone has very slight mineralocorticoid activity. 
 9 alpha fluorocortisol is synthetic compound having potent activity than 

aldosterone. 
 Cortisol and cortisone have sight mineralocorticoid activity. 
 Electrolyte balance and blood pressure homeostasis are the principle 

physiological effects of mineralocorticoids. 
 It promotes sodium retention and potassium and hydrogen ions secretions at the 

level of the distal tubules of kidney. Mineralocorticoids stimulates the synthesis 
of a protein to increase Na+K+ ATPase activity in the tubular cells thus increases 
the permeability of luminal cell surface to sodium influx from the renal filtrate. 

 Aldosterone increases the sodium retention in the extra renal tissues like sweat 
glands, salivary glands and intestine. 

Regulation of the Mineralocorticoids 

 Aldosterone secretion is primarily regulated by (1) angiotensin-II and (2) 
K+ concentration in the extracellular fluid 

 Fall in systemic arterial blood pressure or increase in sympathetic nerve activity 
to kidney increases secretion of the enzyme renin from the juxtaglomerular cells 
of the kidney which is the most important factor in regulating mineralocorticoid 
secretion 

 In the blood renin acts on angiotensinogen, an alpha-2- globulin produced by the 
liver and converts it to angiotensin-I. It is hydrolyzed by the enzyme angiotensin-
converting enzyme (ACE) present in lungs and endothelial cells to angiotensin-
II which directly acts on adrenal cortex to release aldosterone. 

 Aldosterone promotes Na retention and K and H secretions in the distal tubules 
of kidney. 

 Hypovolumia increases the output of renin and aldosterone. 
 An increase in K+ stimulates aldosterone secretion. Macula densa, a group of 

specialized cells at the origin of distal tubules of the kidney detects Na ions level 
and exerts control on aldosterone through the renin-angiotensin system. 

 A decrease of Na ion concentration in the body fluids increases renin release. 
 β -adrenergics, some PGs, high levels of K ions in the ECF and under some 

conditions of stress ACTH also stimulates aldosterone release. 
 In contrast, natriuretic hormone reduces sodium retention by the kidney by its 

inhibitory effect on the production of mineralocorticoids and renin. ACTH 
produces a transient increase in mineralocorticoid secretion. 

Mechanism of Action 

 Aldosterone acts on the distal renal tubules and collecting ducts and causes 
 More numbers of Na channels for Na ion transport via electro-chemical gradient. 
 Activation of Na+-K+ ATPase 

ADRENAL SEX HORMONES 
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 Zona reticularis produce mostly androgens (androstenedione, dehydroepiandrosterone) 
and minor amounts of glucocorticoids, progesterone and estrogen. 

 About 10% of the circulating androgens in males and 50% in females come from 
adrenals. The sex steroids formation is controlled by ACTH. 

CHAPTER-15: ADRENAL MEDULLA 

Learning objectives 

At the end of this chapter, the learner will be able to understand the following 

 Catecholamine biosynthesis 
 Adrenergic receptors 
 Role of catecholamines in fight or flight reaction 
 Metabolic effects of catecholamines. 

STRUCTURE AND REGULATION OF HORMONE RELEASE 

Chromaffin cells, neural ganglion cells 

 The cells of the adrenal medulla that secrete the catecholamine hormones, are called 
chromaffin cells and they are innervated by preganglionic cholinergic nerve fibres 

Structure and regulation of hormone release 

 The central, medullary region of the adrenal gland acts as an endocrine extension of the 
sympathetic nervous system. It contains cells (chromaffin cells) which lack axons but 
possess many of the other properties of postganglionic sympathetic neurones. 

 These chromaffin cells release the contents of their intracellular vesicles into the 
bloodstream in response to stimulation by the preganglionic sympathetic nerves which 
innervate the adrenal medulla. 

 As a result, activation of sympathetic nerves leads to an increase in the circulating levels 
of the catecholamines, i.e. noradrenaline (norepinephrine) and adrenaline 
(epinephrine). 

 The catecholamine hormones are manufactured from the amino acid tyrosine in the 
chromaffin cells. 

 However, in contrast with sympathetic neurones which release noradrenaline 
(norepinephrine), the adrenal medulla secretes about 80% adrenaline (epinephrine) to 
20% noradrenaline (norepinephrine). However, birds, whales and cat mainly secrete 
noradrenaline 

 After release, they are broken down again within minutes in the liver and kidney in 
reactions involving catechol-O-methyl transferase and monoamine oxidase, so their 
actions can be switched off rapidly. 

 Catecholamine metabolites, such as vanillylmandelic acid, and small quantities of free 
hormone are excreted in the urine. 

BIOSYNTHESIS OF CATECHOLAMINES 
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 Synthesis of catecholamines begins with either of the amino 
acids phenylalanine or tyrosine. 

 Biosynthetic pathway begins with the conversion of tyrosine to dihydroxy-phenylalanine 
(DOPA) by tyrosine hydroxylase (TH) which is the rate-limiting enzyme.The products of 
tyrosine metabolism including DOPA, dopamine, norepinephrine and epinephrine 
inhibit the activity of TH. 

 DOPA is then converted to dopamine in the cytosol by the enzyme DOPA decarboxylase. 
 Adrenaline and noradrenaline differ only in the terminal CH3 group. 
 The conversion of dopamine to norepinephrine occurs within the chromaffin granules by 

a key enzyme dopamine- beta hydroxylase. Norepinephrine moves back into the cytosol 
where it is converted into epinephrine through the activity of 
phenylethanolamine-N-methyl- transferase (PNMT). 

 Adrenal medulla is the primary source of epinephrine (also present in brain) and 
nor-epinephrine is secreted both by medulla and post ganglionic sympathetic neurons. 

 Epinephrine secreting cells also secrete opioid peptides like met-enkephalins. 
 About 50% of catecholamines are transported bound with albumin and 50% in free form. 
 The catecholamines are degraded in many tissues but mainly in liver and kidney by the 

enzymes catechol-O-methyl transferase (COMT) and mono-amino oxidase (MAO). 
 The plasma half life of catecholamines is about 2 min. 

MECHANISM OF ACTION OF CATECHOLAMINES 

 These hormones act in the same way as catecholamine neurotransmitters, i.e. they bind 
to α- and β-adrenoceptors on the target cell membrane. 

 Noradrenaline (norepinephrine) is more effective than adrenaline (epinephrine) at α-
receptors, while adrenaline (epinephrine) is the more potent agonist at β- receptors. 
Activation of these receptors modulates the intracellular concentrations of a variety of 
second messengers, e.g. levels of cAMP may rise or fall. 

 The pattern of second messenger response actually observed varies from cell to cell and 
depends on the receptor subtype involved. These intracellular signals alter cell function, 
often through second messenger-dependent kinases which phosphorylate important 
functional proteins and so alter their biochemical activities. 

METABOLIC EFFECTS OF CATECHOLAMINES 

 It is mediated mainly by β2 -receptors. 
 Epinephrine is ten times more potent than norepinephrine in the control of intermediary 

metabolism. 
 The effects of epinephrine on glucose metabolism are similar to those of glucagon and 

opposite to insulin. 
 Epinephrine increases blood glucose level (hyperglycemia) by promoting hepatic 

glycogenolysis by activating phosphorylase enzyme. 
 Stimulation of α1 -receptor favours gluconeogenesis. Epinephrine also stimulates 

glycogenolysis in skeletal muscles resulting inthe production of lactate which is 
converted into glucose in the liver. 

 Through a-receptors, epinephrine inhibits insulin secretion and stimulates glucagon 
secretion, to increase blood glucose concentration. 

 Epinephrine inhibits insulin effect on adipose tissue, thus promotes lipolysis through β2 -
receptors by activation of lipase enzyme and increases free fatty acids concentration in 
blood 
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 Glucocorticoids potentiate the effect of epinephrine on lipolysis. 
 Both catecholamines produce arterial vasoconstriction through their a -receptor action. 

Epinephrine has high affinity for β2 receptors and causes vasodilatation in heart and 
skeletal muscles and reduces peripheral resistance. 

 Both epinephrine and norepinephrine interact with β1 -receptors to increase both 
the force of contraction and heart rate. 

 The action of epinephrine to increase cardiac output is a beneficial effect in situations as 
in flight or fight. 

 Epinephrine increases systolic and decreases diastolic pressure, whereas norepinephrine 
increases both systolic and diastolic blood pressures. 

 Epinephrine causes splenic contraction and increases RBC numbers in circulation. 
Epinephrine produces bronchodilatation by its action on b2 receptor (norepinephrine has 
little effect) and increases both the rate and depth of respiration. 

 Epinephrine, through its β-receptor activity, relaxes the intestinal smooth muscles and 
uterine muscles. 

 It promotes erection of penis and ejaculation. 
 Norepinephrine causes contraction of uterine smooth muscles. 
 During cold catecholamines enhances the metabolic rate, non-shivering thermogenesis. 

Epinephrine constricts renal, splanchnic and cutaneous arterioles, but dilates the 
arterioles of the muscles to shunt the blood flow particularly to coronary and cerebral 
blood vessel. By vasoconstriction conserve heat during exposure to cold. 

 It also improves alveolar gaseous exchange by bronchial dilatation. Epinephrine favours 
Na+ reabsorption by stimulating renin-angiotensin-aldosterone mechanism. 

CHAPTER-16: PINEAL GLAND, THYMUS GLAND, EICOSANOIDS 
AND ANP 

Learning objectives 

At the end of this chapter the learner will be able to understand the following 

 Melatonin and its biological importance 
 Thymic hormones 
 Functions of prostaglandin and other eicosanoids 
 Role of ANP 

PINEAL GLAND 

 Pineal galnd is also called as epiphysis cerebri. 

Location 

 Slightly flattened cone-shaped appendage of the brain. 
 Its base is slightly constricted to form hollow peduncle by which it is attached to the roof 

of the third ventricle. 
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(Picture source: Wikipedia) 

 Narrow prolongation of ventricle called pineal recess . 
 It contains the highest content of serotonin and the enzyme hydroxyl-indol-o-methyl-

transferase (N-methyl transferase) which converts serotonin to melatonin (N-acetyl 5-
methoxy tryptamine). 

Biological functions 

 Lightening of skin colour in amphibia 
o May be also in mammals 

 Inhibits gonadal activity in long day breeders 
o Hamsters, Horse 

 Stimulates onset of breeding season in short day breeders 
o Sheep 

 Long daily periods of elevated melatonin secretion 
o induce ovarian cycles in ewes 

 Continuous administration of melatonin induces cyclicity in acyclic ewes 
o Inhibit ovarian cycles in mares 

 Removal of pineal / cutting nerve connections to pineal leads to r emoval of seasonality 
in seasonal breeders 

THYMUS GLAND 

 It is large and active in the newborn, reaches full activity at puberty and thereafter 
declines in activity slowly. 

 The thymus is a lymphoid organ found on both sides of the trachea. 
 During its early development, it resembles an endocrine gland and is essential for the 

normal development and maintenance of immunologic competence. 
 Thymic hormones are the homeostatic thymic hormone (HTH), thymic humoral factor 

(THF), thymosin, and lymphocyte-stimulating hormone (LSH). 
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 HTH and LSH increase the ratio of lymphocytes to polymorphonuclear 
leukocytes(PMN). Thymosin and THF stimulate cell-mediated immunity. A thymic 
steroid substance thymosterin inhibits lymphocytopoiesis and tumor growth 

EICOSANOIDS 

 Von Euler in 1934 isolated and named a substance isolated from seminal fluid as 
prostaglandins. Unlike the other hormones, prostaglandins are not localized in any 
particular tissue. Most prostaglandins act locally at the site of their production on a 
cell interaction–paracrine effect and also act by autocrine mechanism. 

o Eicosanoids are a large group of molecules derived from 20 carbon 
polyunsaturated fattyacids. The principal groups of hormones of this class are 
prostaglandins (PG), prostacyclins, leukotrienes (LT), thromboxanes (TX) 
and lipoxins (LX). 

o Arachidonic acid is the most abundant precursor for these hormones. Stores 
of arachadonic acid are present in membrane lipids and released through the 
action of various lipases. 

o The specific eicosanoids synthesized by a particular cell are dictated by the 
group of processing enzymes expressed in that cell. 

o Phospholipase A2 releases arachidonic acid from membrane phospholipids. 
The released arachidonic acid is converted to prostaglandin H2 (PGH2) 
by cyclic oxygenase 1 (Cox 1) and cyclic oxygenase 2 (Cox 2)enzymes. 

o PGH2is converted to prostacyclins, thromboxanes and prostaglandins by 
isomerase enzymes present in tissues. 

o ThromboxaneA2 is synthesized by platelets and promotes vasoconstriction 
and platelet aggregation. 

o Prostacyclinis produced in the lungs and vascular endothelium, inhibits 
platelet aggregation and produces vasodilatation. 

o Leukotrienes mediate allergic response and inflammation; released when 
allergens combine with IgE antibodies on the mast cells and they produce 
bronchoconstriction, vasoconstriction and increases vascular permeability, 
attract neutrophils and eosinophils to site of inflammation. 

o Functionsof liopxins are not elucidated. 
o Eicosanoid hormones are rapidly inactivated by being metabolized and are 

typically active for only a few seconds. 

Prostaglandins(PG) 

 Prostaglandins have varied functions particularly important in female reproduction, 
parturition, cardiovascular system. 

 They play a prominent role in causing pain, inflammation and fever. 
 Glucocorticoids inhibit phospholipase A2 and act as anti inflammatory. 
 PGs may be considered to regulate several physiological functions such as 

contraction of smooth muscles in reproductive organs, and functions in erection, 
ejaculation, sperm transport, ovulation and also luteolysis. 

 They also regulate blood pressure, lipolysis, gastric secretion and blood clotting. 
 Thromboxane A2 and PGF2α are vasoconstrictors. 
 Prostaglandins enhance the motility and secretions of the small intestine. 
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 PGE regulates the renal blood flow from cortex to the juxtaglomerular nephrons 
during stress. Inhalation of PGE causes bronchodilation while PGF causes 
bronchospasm. 

 PGE 2 exert a characteristic effect in the longitudinal musculature of the oviduct, an 
increase in tonus in the proximal part, while relaxation in the rest of the organ. PGE2 
increases release of GH, glucagon, progesterone and aldosterone. PGE2 inhibits 
gastric acid secretion, but stimulates contractions of the uterus and dilatation of the 
blood vessels and has no luteolytic effect. It stimulates the production of 
plasminogen activator and increases plasmin activity, involved in cell migration, 
mixing of theca and granulosa cells during CL formation. 

 PGE 3 and PGF cause relaxation of the whole oviduct. 
 PGE , PGA and PGI are vasodilators and increases renal perfusion leading to 

increase in Cl, Na and K level in watery urine. 
 PGF2 facilitates adrenaline release. 
 PGD2 is vasoconstrictor. 
 High levels of estrogen promote oxytocin receptors in the endometrium 

stimulatePGF synthesis and its secretion from the endometrium. 
PGF2 alpha potentiates the contractions of the uterus by estrogen during parturition. 

 In females PGF2α is involved in the follicular rupture and ovulation, also aids sperm 
transport in males. From endometrium PGF passes directly through the walls of 
utero-ovarian vein into artery by counter current mechanism and causes 
vasoconstriction of the blood vessels supplying the CL, the hypoxia in CL leading 
to luteolysis. 

 

ATRIAL NATRIURETIC PEPTIDE 

 The Atrial Natriuretic Peptide (ANP) is synthesised and stored in the atrial 
muscles as 126 amino acid proANP which is cleaved to become 28-amino acid 
active hormone. 

 Secretion of ANP is stimulated by increase in atrial pressure caused either by 
pressor agents or by increase in atrial volume. 
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 On kidney, ANP produces natriuretic and diuretic effects, increases GFR, renal 
excretion of water, Na, Ca, Cl, Mg and phosphate. 

 The ANP blocks the secretion of vasopressin from neurohypophysis and 
angiotensin II or ACTH stimulated release of aldosterone from adrenal cortex. 

 ANP causes decrease in blood pressure. It inhibits renin secretion. 

CHAPTER-17: GASTRO INTESTINAL HORMONES AND 
HORMONE LIKE SUBSTANCES 

Learning objectives 

 This chapter explains the gastro intestinal (GI) hormones and GI peptides in regulation 
of GI functions 

GI HORMONES 

 By size GIT is the largest endocrine organ 
 No defined endocrine glands 
 Diffuse distribution of entero-endocrine cells through out GIT 

o Endocrine cells decrease progressively towards the colon 
o Enterochromaffin cells contain 5-OH tryptophan (Serotonin) 
o GI hormones show both endocrine and paracrine activities 

 No feed back regulation for these hormones 
 Presence of food or GIT environment stimulates their secretion 
 Removal of the stimulus stops secretion 
 There are several polypeptide substances synthesized and secreted by cells of GI 

tract. 
 These include gastrin, secretin, cholecystokinin (CCK) or (pancreozymin), gastric 

inhibitory peptide(GIP), motilin, vasoactive intestinal polypeptide (VIP), 
somatostatin, bombesin and substance P. 

 Some of these hormones act as paracrine hormones; others enter circulation and 
act as general hormones. 

 Many of these hormones are also found in the nervous system. 
 Based on structural and functional similarity, GI tract hormones are grouped into 

two families 
o Gastrin family – gastrin, CCK 
o Secretin family – secretin, glucagon, glycentin, VIP, GIP 

Hormone Site of 
production 

Stimulus for 
release 

Action 

Gastrin Distal stomach 
G cells 

Protein in 
stomach, high 
gastric pH, vagal 
stimulus 

Stimulates HCl, 
Pepsinogen 
secretions, gastric 
motility, growth of 
stomach epithelium 
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Secretin Duodenum S 
cells 

Acid in 
duodenum 

Stimulates 
NaHCO3 secretion of 
bile and pancreas, 
inhibits GI motility 
and gastric secretions 

CCK Duodenum to 
Ileum. Also 
found in brain; 
CCK 8, 16 & 
32. 

Protein and fat in 
small intestine 

Stimulates enzyme 
secretions of pancreas 
and gall bladder 
contraction, inhibits 
gastric emptying 

GIP Duodenum 
and upper 
jejunum 

Carbohydrates 
and fat in small 
intestine 

Stimulates pancreatic 
insulin secretion, 
inhibits gastric 
motility and secretion 

Motilin Duodenum 
and jejunum K 
cells 

Acetylcholine Regulates gastric 
motility between 
meals, tone of lower 
esophageal sphincter 

VIP Ileum, also 
found in 
nerves, brain, 
ANS 

Stimulates 
intestinal 
motility, inhibits 
gastric acid 
secretion 

 

Somatostatin Stomach D 
cells 

Increased level of 
glucose, amino 
acids, 
catecholamines 
and glucagons 

Inhibits pancreatic 
insulin, glucagons and 
gastric secretion, 
gastric motility and 
gall bladder 
contraction 

Substance P GI tract Stimulates 
intestinal motility 
 

 

CHAPTER-

18: INTRODUCTION TO 
REPRODUCTIVE SYSTEM 

Learning objectives 

 To undestand introductory aspects of reproduction, chromosomal sex, gonadal sex and 
psychic sex. 

INTRODUCTION TO REPRODUCTIVE SYSTEM 
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 Sex is the total morphological, physiological and psychological differences between 
male and female. 

o Reproduction is essential for continuity of species in living organisms. 
o Asexual & sexual reproduction both produce new individuals 
o Asexual reproduction: Progeny genetically identical to parent 
o Sexual reproduction : Progeny genetically dissimilar to parents 

 random segregation of genes during meiosis of gametes 
 recombination of genes at fertilization 

o Segregation and recombination of genes provides for 
 Genetic variability 
 Genetic repair 

o Disadvantages of sexual reproduction 
 A s ynchronous release of male and female gametes 
 Hazardous internal fertilization & intra-uterine gestation 

o Sexual reproduction is the most successful form of reproduction 
 Due to compensating factors High sexual receptivity of the female at 

the time of ovulation 
 Male is always ready 

o In lower forms of animals reproduction occurs by mitotic cell division. 
o In mammals reproduction is carried out by union of gametes produced by 

dimorphic individuals and this increases genetic variability. 

Intersexuality 

 Freemartin heifer is an intersexual individual. 
 It is a genetic female which was born as co-twin with a male, leading to modification 

of female genitalia in the male direction by the masculanising factors of the male. 
MIH from the male twin enters the circulatory system of the female twin due to 
anastomosis of placental blood vessels. The male morphogenic agents from the male 
twin exert their influence before the development of ovary and mullerian system in 
the female twin and the free martin is stimulated to develop male structures. 

 The gonads resemble testes, mullerian duct system is inhibited, wolffian ducts 
remain and differentiate to male duct system. 

 Freemartins are more common in cattle due to greater degree of placental fusion. It 
is also reported in sheep, pigs and goats. 

 Hermaphrodite: The presence of both male and female gonads in one individual 
animal. Female pseudohermaphrodites have normal internal genitalia but 
intermediate external genitalia. Clitoris may be enlarged or modified to penis. 

 Male hermaphrodites are common in animals. True hermaphrodites have both 
ovarian and testicular tissue with intermediate genitalia and are very rare in higher 
animals 

SEXUAL DIFFERENTIATION 

 In all living organisms, reproduction is essential to continuity of the species. In 
mammals, reproduction depends upon the union of anisogametes produced by 
dimorphic individuals designated as male and female. 
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 Though, the two sexes can be recognized by their morphological features, the complete 
sexual differentiation includes the total morphological, physiological and psychological 
differences that distinguish male and female. 

 With the union of sperm and the ovum there is formation of zygote which undergoes 
several mitoic divisions. The period of embryo consists of the time from blastocyst 
development until there is differentiation of the organ systems in the embryo. 

 The sexual differentiation takes place in consecutive steps, viz. chromosomal, gonadal, 
somatic and psychic sex differentiation. 

1. Chromosomal sex differentiation 

 Chromosomal sex is determined by a single pair of sex chromosomes. The sex having 
similar sex chromosomes is the homozygous sex, whereas the one with dissimilar sex 
chromosomes is heterozygous sex. Among mammals the female is the homogametic sex 
(XX) and the male is heterogametic sex (XY). In poultry, hens are heterozygous with ZW 
and males are homozygous with ZZ chromosomes.  

 The chromosomal sex of an individual is determined at the time of fertilization itself, 
though at this stage there is no morphological or physiological differentiation. 

 Chromosomal sex can be ascertained by examining interphase nuclei of somatic cells. 
The nuclei of somatic cells containing two X chromosomes contain a characteristic 
chromatin mass, the ‘Barr body’. Thus, the females are chromatin positive (nuclei 
containing Barr bodies), whereas the males are chromatin negative. 

2. Gonadal Sex differentiation 

 Although the genetic sex of the conceptus is unalterably determined by its sex 
chromosome complement, each embryo is potentially capable of developing the genitalia 
of either sex, since the primitive gonad has all the cellular elements to give origin to a 
testicle or an ovary. The differentiation of sexual characteristics depends upon the 
quantitative relationship between male and female determining genes and their 
integration with the internal environment. 

 Genes associated with female characteristics are believed to be located on the X-
chromosome. Thus XX chromosomes are necessary for the differentiation of the normal 
ovary. Genes for male development are located on autosomes and on the Y chromosome. 
The presence of a Y chromosome is responsible for the differentiation of the testes. 

 The mammalian embryo has an inherent tendency to develop as a female. Therefore, 
castration of male embryo at early stage of embryogenesis results in their development 
as females. 

 Gonadogenesis begins with the formation of the genital ridges (in close association with 
the mesonephros). Primordial germ cells migrate from the yolk sac endoderm to the 
genital ridges. The gonads at this stage are still sexually bipotent and consist of an inner 
medulla and an outer cortex. Primordial germ cells invade the medulla to form primary 
sex cords. At this time, gonadal differentiation takes place, and the gonad loses its 
bipotentiality. 

 When genes for masculanity of an XY individual prevail, the medulla persists, cortical 
development is inhibited, and a testis develops. 

 When genes for femaleness predominate in the XX embryo, the medulla is inhibited, and 
the cortex develops. The persisting primodial germ cells in the epithelium invade the 
cortex as the secondary sex cords, and an ovary develops. 

 During the indifferent stage the gonad is potentially capable of either testis or ovary 
formation. The ovaries/testes being the primary sex organs but once there is 
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differentiation of gonads is complete, the individual/organism can be distinguished as 
MALE or FEMALE. 

3. Somatic sex differentiation 

 Following gonadal differentiation, the accessory genitalia develop under the influence of 
the gonad. In an indifferent stage, there are 2 duct systems, the Mullerian duct system 
and the Wolffian duct system. 

 When the testis has formed, the female (mullerian) duct system regresses to vestigial 
rudiments and the male (Wolffian) elements develop under the influence of secretions 
from the newly formed testis. 

 When an ovary has formed, the absence of the testicular morphogenic agents permit the 
Mullerian system to develop, and the Wolffian duct and tubules regress to vestigial 
rudiments. 

 From these two duct systems eventually there is development of the complete 
male/female reproductive organs. Thus at the time of birth of individual has 
morphologically differentiable identification either male or of reproductive organs. 

4. Psychic sex differentiation 

 At the time of birth despite of having either male or female reproductive organs an 
individual can not behave, feel or act like a male or the female. The organism does not 
have a sex drive or libido. The psychic sex establishment is the final step in the 
differentiation of the 2 sexes. The psychic sex the sexual behaviour is basically under the 
control of gonadotropic and gonadal hormones secreted in proper amount and specific 
ratio. In addition some external factors like season/ also play an important role. 

 Prepubertal gonadectomy usually prevents mating behaviour. Ovariectomy of sexually 
mature females immediately abolishes mating behaviour. Adequate doses of estrogen 
administered to ovariectomized adult female restores manifestation of estrus and mating 
behaviour. Similarly in males prepubertal orchiectomy prevents normal mating patterns. 
Adult castration is followed by a gondal diminution of copulatory responses and sex 
drive. 

HOMOLOGIES OF MALE AND FEMALE - REPRODUCTIVE 
SYSTEM 

Homologies / Homologous organs 

 During embryogenesis of the genital system the male and female reproductive organs 
develop from indifferent structures. 

 Homologous organs are the organs which originate from similar rudimentary structures 
in the embryonic stage but differ morphologically and/or physiologically during post 
natal stage. 

Homologies of male and female reproductive systems 

Indifferent Male Female 

INTERNAL GENITALIA 
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<divGonad 
</div 

Testis 
Rete testis 

Ovary 
Rete ovari* 

Mesonephric 
tubules 

Vas efferens 
Paradidymis* 
Vas aberrans* 

Epoophoton* 
Paroophoron* 

Mesonephric 
duct 

Epididymis 
Vas deferens 
Ejaculatory duct 
Seminal vesicle 
Appendix of the 
epididymis* 

Duct part of 
epoophoron* 
(Gartner’s duct) 

Mullerian duct Appendage of testis* 
Prostatic utricle* 

Appendage of the 
ovary* 
(hydatid) 
Fimbria of oviduct 
Oviduct 
Uterus 
Vagina (all or 
part) 

Urogenital sinus Prostatic, membranous, 
and carvemosu urethra 
Bulbourethral glands 
(Cowpers glands) 
Prostate 

Urethra 
Vestibule 
Vagina (in part) 
Vestibular glands 
(Bartholin’s 
glands) 
Paraurethral 
glands 

EXTERNAL GENITALIA 

Genital tubercle Glans penis 
Corpus penis 

Glans clitoris 
Corpus clitoridis 

Urethral folds Raphe of scrotum and 
penis 

Labia minora 

Labioscrotal 
swellings 

Scrotum Labia majora 

*Rudimentary 

CHAPTER-19: FUNCTIONAL ANATOMY OF FEMALE 
REPRODUCTIVE TRACT 

Learning objectives 
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At the end of this chapter, the learner will be able to understand the following 

 Introductory aspects of female reproduction 
 Functional anatomy of organs of female reproductive system 

FUNCTIONAL ANATOMY OF FEMALE REPRODUCTIVE TRACT 

Introduction 

 Female reproductive system consists of 
 Pair of ovaries  
 Duct system  
 A pair of oviducts / Fallopian tubes  
 The uterus  
 The cervix  
 The internal vagina  
 External genitalia  
 EXTERNAL GENETALIA 
 Outer vagina, vestibular glands, clitoris, labia majora and minora 
 Hymen may be present at the junction of outer and inner vagina. Usually 

disintegrates as the animal cycles but may be removed surgically if needed 
 Primary sex organs – the ovaries (Gametogenic) 
 Accessory sex organs – the fallopian tubes, uterus, cervix, vagina and vulva 

(Essential for reproduction but not gametogenic) 
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Embryonic development in females 

 Mullerian ducts – Fimbria of oviduct, oviduct, uterus, vagina 
 Urogenital sinus – Urethra, vestibule, vagina 
 Genital tubercle –  Clitoris 

 Primary sex organ - Ovary 

 The ovaries are paired organs that serve as both a gametogenic (produce ovum) and an 
endocrine function. 

 The ovaries shape varies according to the species and stage of estrous cycle. The 
functional ovary of a polytocous animal (sow, bitch or cat) has several follicles or corpora 
lutea which give the appearance of a cluster of grapes. 

 The monotocous animal (cow, ewe and mare) has an ovoid-shaped ovary. The mare has a 
kidney shaped ovary because of the ovulation fossa which is site of all ovulations. 

 The ovary consists of an inner medulla and an outer cortex region. The medulla of the 
ovary is the most vascular part while the cortex consists of dense connective tissue 
interspersed with parenchymal epithelial cells. 

 The outer layer of cortex is a dense connective tissue capsule, the tunica albuginea. The 
outmost surface consists of a single layer of germinal epithelium which covers the entire 
ovary except in mare where it is limited to the ovulation fossa. 

TYPES OF FOLLICLE 

 There are 3 types of follicles present at birth and throughout the life of animals. 
o Primordial follicle 
o Growing follicle 
o Graafian follicle 

Primordial follicle or primary follicle 

 Consists of an oocyte surrounded by a single layer of epithelial flattened granulosa cells 
with an irregularly shaped nuclei. This stage is reached at birth in the newborn heifer 
and the ovary may contain as many as 150,000 of these follicles. The number of 
primordial follicles decrease to a few as 1,000 in a cow by 15 to 20 years of age. 

 The number of primordial follicles that undergo folliculogenesis to reach mature, 
graafian stage from puberty is only a small fraction of the number of follicles available in 
the pool of primordial follicles. Most follicles will either undergo a process of regression 
called atresia at some stage of folliculogenesis or remain as primordial follicles with no 
signs of growth. 

Growing follicle 

 Follicles that have left the resting stage as primordial follicles have begun growth but 
have not developed a theca layer or antrum (cavity). 

 This follicle has 2 or more layer of granulosa cells surrounding the oocyte; with 
continued growth, additional layers of granulosa cells appear to surround the oocyte. 

 A zona pellucida surrounding the oocytes may be seen at this stage. 
 The number of growing follicle in an ovary at a given time is relatively small in the 

domestic species and varies with the stage of the estrous cycle. 

http://www.elearnvet.net/moodle/mod/resource/view.php?id=10382#Primordial
http://www.elearnvet.net/moodle/mod/resource/view.php?id=10382#Growing
http://www.elearnvet.net/moodle/mod/resource/view.php?id=10382#Graafian
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Graafian follicle 

 These are follicle in which an antrum (cavity) is clearly visible. The Graafian follicle 
protrude from the surface of the ovary. As the antrum enlarges, the granulosa cell layer is 
evened out except at the cumulus oophorus where the oocyte rests in a nest of granulosa 
cells. 

 The diameter of the oocyte of the cow is 80-120 µm in this stage and is surrounded by 
the zona pellucida. 

 Two layer of theca cells, theca interna and theca externa together with the granulosa cells 
form the wall of the follicle. Theca externa formed by muscle type cells has actin and 
myosin contractile filaments for follicular contraction. 

 The granulosa cells maintain contact with the oocyte during folliculogenesis and in the 
preantral and antral stages from the cumulus oophorus. The cumulus cells maintain 
contact with the oocyte even as the follicular fluid fills the antrum and eccentrically 
displace the oocyte. As the follicle matures, the granulosa cells also undergo morphologic 
differentiation (increased cytoplasmic organelle) for increased steroidogenic function. 

 Gap junctions are seen between the granulosa cells, theca interna, cells of cumulus 
oophorus and the oocyte. These gap junctions serve as a important role in movement of 
small molecules, icons and nutrients from the basement towards the antrum and as 
channels for hormonal communication between the peripheral cells of the follicle and 
oocyte. 

 Primordial follicles lack an independent vasculature. The capillary bed confined to the 
thecal layer develops as the thecal cells are formed around the follicle these thecal 
capillaries increase in size and concentrate in the theca interna in close proximity to the 
basement membrane. Blood flow through these capillaries also ceases as the follicle 
matures. 

 The permeability of the follicular wall increases in the preovulating period in some 
species. So the composition of the follicular fluid is similar to that of the plasma. 
However due to the metabolic and secretary activities of the follicular cells, the follicular 
fluid has a lower concentration of gonadotropins and higher concentration of steroid 
hormones, than in the peripheral blood. 

Click here for different stages of follicle 
Click here for Graafian follicle 

Embryonic development of ova and follicle 

 Early in the first weeks of embryonic development, the primitive large germ cells called 
primordial germ cells are present in the yolk sac. These primordial germ cells migrate by 
ameboid movement from the yolk sac to the genital ridges. This migration occurs in 35 
days of gestation in bovine. 

 After a few days, the gonadal sex can be distinguished by the formation of superficial 
tunica albuginea and the peripheral location of oogonia in the primitive ovary. This 
occurs in the 45 days of gestation in bovines. 

 These oogonia multiply by mitosis after sexual differentiation and enter the prophase of 
the first meiotic divisions, when they are called the oocytes. The number of oocytes 
produced may be determined by the level of FSH in the embryo. Oogenesis is the 
transformation of oogonia into oocytes. Oogenesis is completed before or shortly after 
birth in all domestic mammals. 

 The period of oogonial mitosis signifies the end of the major portion of the period of 
oogenesis and this occurs at 45-100 days of gestation in cattle. 

http://www.elearnvet.net/moodle/file.php/40/Topic-19/Follicle_corpus_luteum.JPG
http://www.elearnvet.net/moodle/file.php/40/Topic-19/Graafian_follicle.jpg
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 At the end of this period of oogenesis the oocytes enter the first meiotic prophase. In this 
stage the ova are surrounded by a single layer of follicular epithelium and these are 
called primordial follicles. 

 Thus at birth all female animals are born with their full complement of oocytes in 
primordial or older follicles and these are never replenished but only decrease in number 
during the life of the animal. Oocytes that fail to get incorporated into the follicles self 
destruct by apoptosis. 

 

OVIDUCT 

 Uterine tubes or fallopian tubes are paired, convoluted tubes which has the unique 
function of conveying the eggs and sperms in opposite direction. 

 It connects the ovary to the uterus 

Four functional divisions of the oviduct 

Fimbriae 

 Ovarian end of the oviduct with fringed edges 
 Forms ovarian bursa with mesosalpinx 
 Ovarin bursa open in all farm animals 

o Completely covers the ovary in the pig 
o Ovarian bursa covers only ovulation fossa in the mare 

 Fimbriae move freely 
o Sweep on the surface of the ovary at ovulation 

Infundibulum 
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 Funnels shaped second portion 
 Size varies with age and size of the animal 
 Has the abdominal opening of the oviduct – ostium abdominale 

Ampulla 

 Forms more than half the length of the oviduct 
 Connects infundibulum to isthmus 

Isthmus 

 Connected to uterus at the utero-tubal junction 

Musculature of the oviduct 

 Outer longitudinal and inner circular smooth muscles 
o Thickness increases from ovarian to uterine end 
o Contraction of longitudinal muscles shorten the oviduct 
o Contraction of circular muscles cause annular constrictions 
o Exhibits three types of contractions 

 Localized peristalsis 
 Segmental contractions 
 Worm like writhing contraction 
 These contractions occur simultaneously or in specific patterns 
 Pattern and amplitude of contractions also varies in different parts 
 Most vigorous contractions occur at ovulation 

Mucosa of the oviduct 

 Exhibits primary, secondary and tertiary folds 
o Thrown into high folds in ampulla 
o Height decreases in isthmus 
o Become low ridges at the utero-tubal junction 
o Completely fill the lumen of the oviduct at the ovarian end 

 Has one layer of ciliated and non-ciliated columnar cells 
o Proportion of ciliated to non cilaited cells varies along the oviduct 
o Related to the functions of different segments of the oviduct 
o Dependent on ovarian estrogens for their function 

 Ciliated cells are maximum at the fimbria – help pick up of the ovum 
 Non ciliated secretory cells are maximum ampulla onwards 
 Promote interaction of gametes and noursihment of the embryo 
 Direction of oviducal fluids is towardssthe ovary 

 Most of the oviducal secretions are lost into peritoneal cavity for 2-
3d after estrus 

 Subsequently fluids move down into uterus carrying the embryo 
 Cilia beat at their maximum at ovulation 
 Cilia usually beat towards the uterus 

Functions of the oviduct 
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 Pick up of the ovum 
o Fimbriae pick up the ovulated egg from the ovarian surface 
o Capable of picking up of ovum from the contralateral side 

 Oviducal secretions provide 
o For Capacitation of sperm 
o Conducive environment for fertilization 
o Nutrition to young embryo 
o Protection to oocyte, sperm and young embryo from attack by maternal immune 

system 
o For cleavage of young embryo by secretion of clevage inducing protein 

 Ciliary movements, muscular contractions and fluid flow help in 
o Mixing of oviducal contents that improves encounter of the gametes 
o Denudation of follicular cells from the ovum 
o Transport of zygote into uterus 
o Prevention of tubal implantation 

 Oviduct transports egg and sperm in opposite direction at about the same time but never 
fails 

UTERUS 

 The uterus has a body and two uterine horns (cornua); species variation is seen. 
 Cow, Ewe and Mare 

o Bipartite uterus 
o Horns completely separated by a septum 
o Large uterine body p articularly in the mare 

 Sow 
o Bicornuate uterus 
o Very long folded horns 

 Adaptation in litter bearing animals 
o Short body 

 Diadelphus uterus 
o Platypus 
o Male has a forked penis 

 Duplex uterus 
o Rabbit, G.Pig 

 Simplex uterus 
o Primates 

 Primitive forms of uterus found some times in higher animals do not interfere with 
fertility 

Uterine histology 

Three distinct layers 

 Outer serous membrane – extension of the peritoneum 
 Middle myometrium – outer longitudinal & Inner circular smooth muscles 

o Vascular layer in between 
o Myometrial contractions synchronized with oviducal contractions 
o Contract towards ovary at estrus and towards cervix subsequently 
o Estradiol increases but progesterone decreases the myometrial contractions 
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 Inner endometrium 
o Epithelium – simple columnar non ciliated in all domestic animals 

 Tall and actively secretory at estrus due to stimulation by estrogens 
 Low cuboidal during subsequent two days 

o Endometrial Glands 
 Open into uterine lumen 
 Straight at estrus 
 Coiled, complex and increasingly secretory during luteal phase 
 Volume & composition of the secretions varies with the phases of the cycle 
 Important proteins in different species 

 Blastokinin, implantation promoting factor, GPC, steroid hormone 
receptors and uteroferrin 

o Cotyledons in the endometrium of ruminants 
 For attachment of fetal membranes 
 Endometrial glands absent at cotyledons 

Functions of the uterus 

 Myometrial contractions 
o Occur at mating – cause transport of sperm from site of ejaculation to site of 

fertilization 
 Massaging uterus at AI improves fertility 

o After estrus the uterine contractions directed towards cervix 
 Transport the zygote from oviduct into the uterus for implantation 

o Uterine contractions kept inhibited by high progesterone levels during gestation 
 At the end of gestation progesterone levels decrease and estrogens 

increase which causes uterine contractions that help in parturition 
 Pregnancy could be housed only in the uterus since myometrium has the 

ability grow enormously 
 Endometrial Secretions 

o Induce capcitation at estrus 
o Stimulate sperm metabolism 
o GPC makes glycerol available from phosphoglycerol 
o Provide nourishment to pre and early post implantation embryo during luteal 

phase 
 Particularly important in farm animals 
 Ex; Cow embryos live freely and proliferate extensively till 30d post estrus 

o Estrogen and progesterone receptors in the secretions modulate 
 Sensitivity of myometrium and proliferation of endometrial epithelium 

and glands 
 Blastokinin in rabbit uterine secretions promotes blastocyst formation 
 Implantation promoting factor present in the mouse uterine secretions 
 Uteroferrin found in ewe uterine secretions also promotes embryonic 

growth and implantation 
 Maintenance /Regression of CL 

o  Sends signals to CL about the presence / absence of the conceptus 
 Signals carried via the utero-ovarian veno-arterial pathway 
 Hysterectomy prolongs life span but partial hysterectomy regresses CL 
 IUDs can also prolong the life span of the CL 
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CERVIX 

 Cervix is thick walled sphincter like structures 
o Separates vagina from the uterus 
o Connective tissue is the major component 
o Some smooth muscles also found 
o Lumen is narrow and exhibits annular rings 

 Very prominent in cow and ewe – form interlocking rings 
 Less prominent in the mare 
 In the sow the rings are cork screw shaped 

o Corresponding spiral twisting in the tip of penis of the boar 
o Epithelial lining 
o Columnar cells and goblet cells 
o Secrete mucus 
o Mucosa is intricately folded that increases secretory surface 
o Mucus is composed of glycoproteins 
o Mucus has unique biophysical properties 

 Ferning, elasticity, viscosity and stickiness 
o Physical and chemical properties of the mucus change during different phases 

of the estrous cycle 
 Ex: estrogens increase the intermolecular space to 2-5 µm 
 Progesterone reduces it 

Functions of cervix 

 Transport of sperm 
o Ejaculation into vagina near the cervix in most species 
o Sperm oriented towards cervix 
o Hydrolytic enzymes in the semen digest back bone protein in the cervical 

mucus and remove cross linkages of mucin 
o Channels for sperm passage appear 

 Sperm reservoir 
o Large number of sperm lodged into cervical crypts 
o Released slowly later 
o Prevents inundation of uterus by sperm 
o Makes the sperm available at the site of fertilization for up to 24h after mating 

 Sperm selection center 
o Several sperm lodged in cervical crypts never get released 
o Particularly those that are less motile 
o Thus cervix selects only vigorously motile sperm for transport to the site of 

fertilization 
 Protection of upper reproductive tract 

o Cervical mucus becomes thick and viscous during the luteal phase and seals 
the URT 

o This seal persists till next estrus or parturition 
 Helps in parturition 

o Gross biochemical changes increase the size of the cervix enormously to allow 
the passage of the calf 
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Cervix during pregnancy 

 During pregnancy a tightly viscid, non ferning thick and turbid mucus occludes, the 
cervical canal, acting as a effective barrier against sperm transport and invasion of 
bacteria in the lumen, thus preventing the uterine infections. 

 The only other time cervix is open before parturition, at this time the cervical plug 
liquefies and the cervix dilates to permit the expulsion of the fetus and the fetal 
membranes. 

VAGINA 

 The vagina consists of two parts - Outer /vestibular portion and Posterior / internal 
portion 

o Wall consists of surface epithelium, muscular coat and serosa 
o No mucosa 
o Muscular coat less well developed 

 Thin layer of longitudinal and thick layer of circular smooth muscles 
 Anterior sphincter in addition to posterior In the cow 

o Non secretory squamous epithelium 
 Mucus secreting cells in the vagina of Cow 
 Synchronous changes in epithelium with the estrous cycle 

 Stratified squamous at estrous and low cuboidal during luteal 
phase 

 Vaginal smear could detect phase of the cycle only in rat and bitch 
 Plasma cells beneath epithelium secrete IgA and IgG in addition to anti-

sperm antibodies 
 Plasma cells increase during luteal phase and protect against invading 

organisms 

Functions of vagina 

 Female copulatory organ into which semen is deposited 
 Acts as semen reservoir for the cervix 
 Micro-ridges on the surface and muscles in the walls distend to facilitate mating and 

parturition 
 Muscular contractions 

o Important for psychosexual satisfaction 
o Sperm transport 

 Absorption of seminal plasma 
o Seminal fluid constituents absorbed through vagina could influence the activity 

in other portions of FRT 
 Excretory duct for the cervix and uterus 

o Most of the mucus excreted via the vagina is actually produced in the cervix 
 Incorrectly called vaginal mucus  
 Fluids exude from the vascular supply although no secretory glands present in the vagina 

o Along with cervical mucus buffer the pH of vagina 
 Specific smell of vaginal secretion in cow at estrus 

o Identified by bulls and dogs 
 Capacitation of sperm in some species - Rabbit 
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EXTERNAL GENETALIA 

 Consists of outer vagina, vestibular glands, clitoris , labia majora and minora 

Clitoris 

  Embryological homologue of penis 
 Burried in the vestibular mucosa in the cow but prominent in the mare 
 Large number of nerve endings 
 Important in psycho-sexual satisfaction 

Labia 

 Homologues of scrotum 
 Labia minora poorly developed in animals 

Labia major 

 Rich in sebaceous and tubular glands 
 Swollen, congested and edematous at estrus 

Vestibular glands 

 Sebaceous and bartholin glands 
 Resemble bulbo-urethral glands in the male 
 Secrete lubricating mucus to boost copulation 

CHAPTER-20: FOLLICULOGENESIS 

Learning objectives 

This chapter explains the following 

 Types of follicles in the ovary 
 Follicular development 
 Follicular wave. 

FOLLICULOGENESIS 

 Factors that control the initial follicular growth are not known. 
 When any of the primordial follicles is released from the reserve, it continues to grow 

until ovulation or until atresia stage. 
 The development of the follicle is initiated by the growth of oocyte. 
 The follicle that has an early growing oocyte but still surrounded by a single layer of 

follicular cells is termed as primary follicle. The primary oocyte in primary 
follicle increase in size; at the same time the follicular cells multiply into several layers of 
cells. This is called maturing follicle or growing follicle (preantral follicle or secondary 
follicle) which still has not developed theca or antrum. 
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 On further development, an antrum (cavity) form by fluid secreted by granulosa cells 
which collect between the granulosa cells and separating them. When the antrum has 
formed, the follicle is classified as a Graafian follicle (antral/tertiary follicle).The 
mature tertiary follicle appears as a fluid-filled bulging on the surface of the ovary. 

 Two types of cells surround the maturing oocyte – granulosa cells on the inside 
surrounded by theca cells on the outside with a basement membrane in between . 

 The initial phase of follicular growth is termed as hormone-independent phase – oocyte 
increases in size and activity with large amount of RNA synthesis. 

 Follicular cells grow and divide to become granulosa cells which produce a glycoprotein 
layer around the oocyte forming the zona pellucida. The granulosa cells maintain contact 
with oocyte by cytoplasmic processes. 

 This initial growth is followed by hormone-dependent phase with synthesis of FSH and 
oestradiol receptors on the granulosa cells. 

 The granulosa cells produce oestradiol by converting androgens synthesised by theca 
cells. LH stimulates androgen synthesis by theca cells. The androgens diffuse into 
granulosa cells. FSH stimulates aromatase enzyme of granulosa cells to convert 
androgen to oestrogen. This process is described as two-cell two-gonadotropin model of 
synthesis of follicular oestradiol. 

 The follicle becomes more responsive to FSH (FSH induces synthesis of its own 
receptors) and the oestrogens enhance growth and division of granulosa cells which 
starts secreting fluid into the antrum of the follicle. 

 Oestradiol inhibits progesterone biosynthesis in the follicle. 
 When the follicle reaches its maximum size, FSH induces LH receptors in the granulosa 

cells. When LH surge occurs, LH stimulates the granulosa cells to synthesize 
progesterone. 

 The granulosa cells surround the antrum. In addition, a hillock (mound) of granulosa 
cells is located at one side of the antrum which is called cumulus oophorus. The ovum 
rests upon the cumulus oophorus with other granulosa cells extending around the 
potential ovum. 

 The granulosa cells surrounding and in immediate contact with the ovum are termed 
the corona radiata. Both theca interna and granulosa cells are involved in production of 
oestrogen. 

 The granulosa cells are the progesterone producing cells in the corpus luteum. They also 
secrete other compounds that have been identified in follicular fluid which help to 
regulate the functions of the ovary. When ovulation occurs the follicle ruptures expelling 
the liquor folliculi, some granulosa cells, and the oocyte into the body cavity near the 
opening to the oviduct. 

 At the time of expulsion, the oocyte is surrounded by the corona radiata and a sticky 
mass containing other granulosa (cumulus) cells which aid the oviduct in picking up the 
oocyte and moving it down the oviduct. In some species the corona radiata is present at 
the time of fertilization. In other species these cells are shed quickly and are not present 
when fertilization occurs. 
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Picture showing follicle on the ovary 
(Courtesy: Dr.S.Selvaraju, Scientist, NIANP, Bangalore) 

FOLLICULAR WAVE 

 Three to six follicles are initiated to grow together under the influence of increasing level 
of FSH which is described as follicular wave. 

 The first wave of follicles that develop during mid luteal phase reach antral stage and 
then regress followed by growth of second wave of follicles. 

 If CL regression begins at this time one of these follicles become dominant and this 
follicle reaches ovulatory stage. Rest of the growing follicles regress and become atretic 
follicles. 

 The dominant follicle produces inhibin and oestradiol which inhibit FSH thereby growth 
of further antral follicles is blocked. 

 In sheep, cattle and horses two to three follicular waves occur during luteal phase with 
the last wave ending in ovulation. 

 In pigs, rats and human ovulatory follicles develop during follicular phase of the cycle. In 
these animals, progesterone from CL of diestrus blocks ovulatory surge of 
gonadotropins. Following luteolysis, serum progesterone falls appreciably low and 
estradiol level increases favouring ovulatory surge of LH 

 In monotocous animals, at each heat period normally one follicle develops more rapidly 
than others and releases one ovum. Rest of the growing follicles regress and form atretic 
follicles. Polytocous animals produce two or more offspring per gestation and have 
several follicles developing and rupturing at the same time. 

 Following ovulation, the follicular antrum is filled with blood and lymph and 
forms corpus hemorrhagicum. This is gradually converted to corpus luteum. After each 
oestrous cycle the CL decreases in size and finally leaves a scar called corpus albicans. 

FUNCTIONS OF THE OVARIAN FOLLICLE AND FOLLICULAR 
FLUID 

 Follicular fluid is transudate from plasma across the follicular wall 
 Accumulates in the antral spaces and merges them 
 Contains crabohydradtes, proteins, amino acids, enzymes and hormones 

o Gonadotrophins, sex steroids, prostaglandins 
o Immunoglobulins IgA and IgG are present 

 Composition modified by the follicular cells 
 Functions of follicular fluid 
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o Regulation of granulosa cells 
o Synchronous growth of the follicle and the oocyte 

 Special components in the follicular fluid 
o Follicular fluid function as a vehicle for the transport of the oocyte from the 

rupturing follicle at the time of ovulation 
o Capacitation of sperm 
o F ertilization and transport of zygote 

Oocyte maturation inhibitor 
(OMI) 

Inhibits premature completion of oocyte meiosis 

FSH receptor binding inhibitor Depresses FSH binding to Granulosa cells 

Inhibin (Follistatin) Depresses secretion of FSH 

Lutenization stimulator 
(Prolactin?) 

Stimulates lutenization of granulosa cells after 
ovulation 

Other factors Promote capacitation & acrosome reaction 

CHAPTER-21: OOGENESIS AND OVULATION 

Learning objectives 

At the end of this chapter, the learner will be able to understand the following 

 How primordial germ cells develop into oogonia and the oogonia develop into secondary 
oocyte 

 How the ovum is released into oviduct from ovary 
 Formation of corpus luteum and its function. 

FORMATION OF HAPLOID OVUM 

 Formation of haploid ovum in ovary by meiosis is called as oogenesis 
o During prenatal period, mitotic proliferation of primordial germ cells occurs. 

This ends at the time of birth 
o Oogonia undergo mitotic division until the final generation of oogonia enters the 

prophase of meiosis-I. At this point it is called primary oocyte. This is under the 
influence of meiosis initiating factor 

o In domestic animals (except bicth and Queen), oogonia develops into primary 
oocyte shortly before or after birth. 

o At this stage primary oocyte are surrounded by a layer of follicular epithelium to 
form primary follicle. 

o The nucleus of primary oocyte enters the dictyate / resting stage of meiotic 
prophase I and does not compete until the animal reaches maturity. Resumption 
of meiosis, beyond dictyate stage depends on preovulatory surge of LH. 

o After puberty, the rising level of FSH causes follicular cells to develop. The 
primary oocyte grows by RNA synthesis. 

o Contact between oocyte and granulose cells prevent maturation of oocyte beyond 
dictyate stage through oocyte maturation inhibitor (OMI) produced by granulosa 
cell. OMI concentration declines as follicle matures. 



www.drvet.in 
 

o Ovulatory LH surge block the transfer of OMI from cumulus cells to the oocyte 
allowing meiosis to resume. Half of chromatin and small amount of cytoplasm 
are extruded as first polar body 

o First meiotic division completes few hours before ovulation and the cell is now 
secondary oocyte. In bitch and few mares, completion of first meiotic division 
and extrusion of first polar body occur after ovulation. 

o The 2nd day oocyte enters II meiosis. It completes when spermatozoa penetrate 
Zona pellicida to activate the oocyte. When oocyte is activated 2nd maturation 
division is completed with the formation of 2nd polar body. 

o Now the germ cell is called as ootid 
o Occasionally first polar body undergoes division in to form two PBs 

OVULATION 

 Ovulation is mechanism by which the ovum is released from mature graffian follicle in 
response to LH surge. 

 A few follicles leave the primordial state each day and begin to develop 
 Developing follicles either will ovulate or may undergo atresia depending on the time of 

their development, as the follicles continue to develop during all phases of the oestrous 
cycle including the luteal phase. Several dominant follicles develop during the luteal 
phase of the cycle at about 10 day intervals 

 Selection of follicles for ovulation depends on the timing of the regression of the CL. 
Those follicles developing after the regression of the CL become ovulatory follicles 

 Accumulation of fluid in the antrum of the follicle exerts pressure on the ovulation wall 
resulting in bulging and thinning of the surface of the ovary 

 The granulosa cells loose cell to cell contact as follicle approaches ovulation, probably by 
dissociate of gap junctions 

 The oocyte along with cumulus cells separate from the pedicle of the cumulus and freed 
into the follicular fluid of antrum 

 Connective tissue of thecal layer dissociated during preovulatory period 
 Gonadotrophin stimulated preovulatory increase in follicular prostaglandins produced of 

granulosa cells stimulates ovarian contraction and activate thecal fibroblast to release 
proteolytic enzymes that digest the follicular wall and basal lamina. 

 A vascular stigma / papilla appears on the apex of the follicle. As the protrusion 
progresses, follicular wall layer stretch and thin until it breaks and the follicular contents 
are released. 

 FSH also increased before ovulation, which induces LH receptor synthesis in granulosa 
cells. 

 LH Surge is caused by the positive feed back stimulation of estrogen on hupothalamus 
and anterior pituitary. Increasing size of follicle produce more amount of estrogen which 
stimulates release of LH and FSH. 

 Preovulatory LH surge occurs about 24 hours before ovulation and it causes maturation 
of the oocyte 

 LH surge blocks the production of meiosis inhibiting factor and luteinization inhibiting 
factor. Meiosis is resumed and completed before ovulation 

 In cow and buffalo, ovulation occurs after the end of estrus period and in bitch, mare, 
sow before the end of estrus period. 

 In domestic animals ovulation occurs at any point on the ovarian surface except in mare 
wherein ovulation occurs at ovulation fossa . 
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TYPES OF OVULATION 

Spontaneous ovulators 

 In many species ovulation occurs spontaneously after normal follicle growth during 
estrus cycle. Eg: cow, goat, mare, sow, primate 

 i.e a secretory pattern of estrogen associated with a developing follicle is able to cause a 
rise in LH release that causes ovulation. 

Induced ovulators 

 Eg: Cat, rabbit, ferret, mink and members of camilidae family. 
 Induced ovulators are animals that do not ovulate spontaneously even in association 

with normal follicle development. 
 Vaginal stimulation during copulation initiates neuroendocrine reflex that results in 

ovulation. Estrogen priming of the hypothalamus and anterior pituitary is essential 
prerequisite for copulation to induce GnRH and LH release leading to ovulation. 

Ewe 24 hrs after onset of estrus 

Doe 24 – 36 hrs after onset of estrus 

Pig 38 – 42 hrs after onset of estrus 

Mare 1 -2 days Before the end of estrum 

Cat 24 – 36 hrs Post copulation 

Rabbit 10.5 hrs Post copulation 

Cow 12 – 14 hrs after end of estrus 

Dog Near the beginning of estrus Fertilization takes place after 4th day 

CORPUS LUTEUM 

 Corpus luteum is temporary endocrine gland, functioning for few days in non pregnant 
cyclic animal and few months in pregnant animals 

 The life span of corpus luteum varies with species depends primarily upon the fate of 
embryo. 

 Following ovulation, enough hemorrhage into follicular cavity from broken thecal 
vessels. It act as stopper sealing the residual cavity after discharge of oocyte 

 The blood filled follicle devoid of oocyte is called as ‘corpus haemorrhgium’ 
 The blood clot serve as physical frame work and a nutritive medium for quick proliferate 

of granulosa cells. The intact vessel and connective tissue cells from the surrounding 
theca begins to proliferate 

 Granulosa layer folding towards the central portion of the residual cavity. Granulosa cells 
differentiated into luteal cells under the influence of LH and become corpus luteum. 

 The corpus luteum is one of the most vascular organs of the body. If animals are non – 
pregnant it is corpus luteum spurium and is destined to regress. If animal is pregnant, it 
is corpus luteum verum and corpus luteum is continues to function. 



www.drvet.in 
 

 The function of corpus luteum is to secrete progesterone. During diestrus phase, 
maximum level of progesterone is produced which is necessary to 

o maintain pregnancy 
o preparation endometrium for implantation 
o enable the blastocyst to implant 

 Following implantation of blastocyst, the corpus luteum undergoes extensive 
enlargement and continues synthesis and secrete hormone. 

 If fertilization does not occur, the CL regresses allowing other follicles to mature. 
 Regression of corpus luteum starts (Days from ovulation) 

o Cow – 14 – 15 
o Ewe – 12 – 14 
o Sow – 13 
o Mare - 17 

 The regression changes are 
o Microscopic – Cytoplasmic Vacule 
o Pyknotic nuclei 
o Decreased progesterone in luteal cells 
o Degeneration of capillaries 
o Gradual replacement of luteal cells by fibroblasts 
o Macroscopic – The whole organ decreased in size suddenly within short interval 

 The degenerating a vascular non functional corpus luteum is corpus albicans. For several 
additional estrus cycle, a visible connective tissue scar remains on the ovary. 

 The corpora lutea of non – pregnant bitches and Queen continue to function 
approximately same length of time as for the pregnant animal. 

 The color of corpus luteum of cow and mare is intense than other species, due to 
lipochrome pigment- lutein. The ewe and sow are devoid of this pigment. Hence lighter 
color. 

 Natural luteolytic substance - PGF2α is secreted by myometrial tissue 
 Ovarian artery and utero ovarian vein are intertwined and in close apposition. This 

vascular arrangement favors diffusion of PGF2α into ovarian arterial blood. 
 several mechanism are proposed for luteolysis. 

o Constriction of blood vessels supplying luteal cells causing ischemia and 
starvation of luteal cells 

o Interference with progesterone 
o Competition with LH for receptor site 
o Destruction of LH receptor site 

 LH is necessary for luteotropic effect and for progesterone secretion which increases as 
CL matures. 

 LH is luteotropic in ruminants and horse 
 Prolactin is luteotropic in rat 
 In canines both LH and PRL are luteotropic 
 In rabbits and pigs oestrogen is luteotropic 
 Corpus luteum and pregnancy 
 Progesterone is necessary for maintenance of pregnancy 
 Progesterone increase resting membrane potential of myometrial cell 
 Progesterone is serve as immediate precursor to other steroids that also necessary during 

pregnancy. 
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Picture showing corpus luteum on the ovary 

(Courtesy: Dr.S.Selvaraju, Scientist, NIANP, Bangalore) 

CHAPTER-22: ESTROUS CYCLE 

Learning objectives 

At the end of this chapter, the learner will be able to understand the following 

 What is estrous cycle 
 Different phases of estrous cycle 
 Signs of estrus in different species 
 Factors influencing estrous cycle 
 Pseudopregnancy. 

ESTROUS CYCLE 
INTRODUCTION AND DEFINITION 

 In all domestic animals that have attained puberty there is a definite physiological 
functional rhythm of the reproductive system called the estrous cycle. One cycle interval 
is defined as the time from the onset of one period of sexual receptivity to the next or as 
the interval between successive estrus. 

 Estrous cycle can be defined as cyclic period of sexual receptivity exhibited by the 
females at regular intervals 

 The name estrus is derived from the greek word oistros meaning “gadfly” and was used 
to describe the behavior of cows when attached by such files. 

 Estrous cycle is controlled directly by hormones of the ovary and indirectly by the 
hormones of the adenohypophysis. The basic pattern of the cycle is same but species 
differences are found in different stages of the cycle. 

 Monoestrus animals- animals have only one estrous cycle per year –dogs, wolves, 
bears 

 Polyestrus animals - animals have several estrous cycles per year-cattle, pigs, human 
 Cows and sows - non-seasonally polyestrus animals. 
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 Seasonal breeders - animals that have one or more estrous cycles during certain periods 
of the year 

 Seasonally polyestrus animals (exhibit many cycles of estrous during certain periods of 
the year known as breeding season) - ewes, does and mares - 

o seasonally polyestrus can be short-day breeders – estrous cycle occur when days 
are getting shorter (in winter) e.g., sheep, goats, deer; anestrus in spring and 
summer 

o Long-day breeders – estrous cycle occur when days are getting longer 
(spring/early summer) - horses and hamsters; anestrus in winter 

 Seasonally monoestrus (exhibit a single estrus followed by anestrus )- bitches 
 The queen will undergo a series of ovulatory estrus in each breeding season -spring, 

summer and early autumn 

DIFFERENT PHASES OF ESTROUS CYCLE 

 The estrous cycle is divided into four marked phases. 
o Proestrus 
o Estrus 
o Metestrus 
o Diestrus 

 Based on changes occurring in the ovary, estrous cycle consists of 
o Follicular phase – also known as proliferative or oestrogenic phase - oocyte 

matures, ovulation occurs,estradiol from the follicle is dominant - includes 
proestrus and estrus phases 

o Luteal phase (secretory phase) – corpus luteum forms, fertilization and 
embryo development, progesterone from the CL is dominant - includes 
metestrus and diestrus 

PROESTRUS 

 It is a period of rapid follicular growth under gonadotrophic stimulation and the period 
in which the CL from the previous cycle in polyestrous specious regress. 

 The follicle growth (folliculogenesis) occurs through small, medium and large size 
follicles and is influenced by GnRH, FSH and LH. FSH initiates growth of follicles 

 LH converts the C-27 steriod cholesterol to C-19 steroid androgen in the theca interna. 
FSH favours the biosynthesis of C-18 steroid estrogen from androgen by the granulose 
cells. 

 In this phase, estrogen concentration increases progressively with simultaneous decline 
in progesterone level. It is due to the regression of the corpus luteum of the previous 
cycle by the luteolytic action of the PGF2α in polyestrus species. 

 In all domestic animals except mare folliculogenesis is depressed during pregnancy 
because of high level of progesterone 

 There is marked increased in the growth of the epithelial tissues, the activity of 
musculature of the reproductive tract, secretion of the mucus and of the vascularity of 
the endometrium and vaginal mucosa. 

 In cow and mare, the sticky, dry mucus of the preceding period changes during proestrus 
to a milky, less viscid discharge (serous) and finally to a clear transparent, stringy mucus 
late in the proestus period. Proestrus is not clinically evident in most domestic species 
and lasts only for 2-3 days. 
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 In the bitch, proestrus lasts for 7-9 days and is clearly identifiable by well-defined 
changes in the external genitaila and behavioral signs due to increasing sexual 
excitement. The increased endometrial vascularity is characterized by bleeding. 

 The vulva becomes increasing edematous and swollen. There is a gradual relaxation of 
the cervix and an increased secretion of viscid, slimy mucus from the goblet cells of the 
cervix and anterior vagina and from the uterine glands 

ESTRUS 

 It is the period of sexual receptivity during which mating and ovulation occurs in most 
species and the corpus luteum begins to form 

o The graafian follicle is large and mature 
o Ovum undergoes certain maturation changes 
o There is increasing level of estrogen produced by the synergistic effects of the 

theca and granulosa cells. 
o Inhibin and increasing level of estrogen secreted from the graafian follicle inhibit 

hypothalamic and pituitary gonadotrophin secretion, thus inhibit the FSH release 
by negative feed back effect 

o Increased level of estrogen stimulates hypothalamic LHRH release by positive 
feed back mechanism, thus the ovulatory LH surge before ovulation. 

o Oviducts – The oviducts are tonic, the epithelium mature and cilia are active, 
contraction of the oviduct is occurring a close affinity to the Graffian follicle. 
Increase amount of oviductal fluid is being secreted. 

o The uterus is erect, turgid edematous. The blood supply to the uterus is 
increased. The mucosa is rapidly growing and mucus is secreted. 

o The vagina, vulval and cervical mucosa is pink, congested, due to increased 
vascularity; the mucus secretion is greatly increased strings of mucus hang from 
the vulva of the cow form pattern of discharge. 

o Towards the end of this period, there may be increased leucocytes migrating into 
the uterine lumen. 

o In most species the rupture of the mature ovisac or ovulation occurs towards the 
end of this period of estrum. 

o Duration of estrus varies from 14 to 18 hours in the cow, 7 to 10 days in mare and 
bitch 

o Other external signs – mounting, bellowing, frequent urination, discharge, 
reduced feed intake and milk yield. 

SIGNS OF ESTRUS 

Species Signs 

Cow Bellowing, mounting, Cervical mucus 
discharge, Frequent urination, Swollen 
vulva, Reduced milk yield and Reduced 
feed intake. 

Mare Frequent urination, Exposure of clitoris 
(winking of clitoris). 

Doe Edema and hyperemia of vulva, Frequent 
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and rapid tail wagging. 

Sow Watery vulval discharge, Standing quietly 
while pressing loin (lordosis). 

Bitch During proestrus, bleeding from vulva 
and vulva swelling; during estrus-
dimishing of vulval swelling, Less turgid 
vagina. 

Queen Characteristic call and Roll over on its 
back. 

 Buffaloes : estrus signs less pronounced than cattle –frequent urination, teat swelling, 
reduction in milk yield, bellowing- many buffaloes come to heat during night and this 
makes heat detection difficult in these animals            
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METESTRUS 

 It is the transitional period between ovulation and full development of the corpus 
luteum. During this period, the reproductive system switches from estrogen to 
progesterone dominance. 

o It is the post ovulatory phase during which the granulosa and thecal cells lining 
the ruptured follicles begin to grow and reorganize into a structure called the 
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corpus luteum (CL), corpus lutem hemorrhagicum, which is the principal site of 
progesterone production. 

o CL grows rapidly from the granulose cells of the ruptured follicles under the 
influence of LH of the anterior pituitary 

o Metestrum is largely under the influence of progesterone produced by the corpus 
luteum. This hormone, by inhibiting the secretion of FSH by the pituitary gland, 
prevents the development of more Graafian follicles. 

o In the cow, during the early part of the metestrum, the epithelium over the 
caruncles of the uterus is very hyperemic and some capillary hemorrhage occurs. 
This is called post estrual or metestral bleeding. This is due to the estrogen 
withdrawal. 

o The mucus secretion decreases and the glands of the endometrium grow rapidly. 
Towards the end of metestrum. The uterus becomes soft and pliable, due to the 
relaxation of the uterine muscles. 

o In the species, cow, sheep and sow and mare, the length of metestrum is about 
equal to the time it take for the ova to reach the uterus or about 3-4 days. 

o In dogs and cat the pseudo pregnant period may last about 50-60 days and 30 to 
40 days respectively, when, the CL regresses and an anestrum of varying length 
occurs. 

o In the queen that is not bred, ovulation, and CL development doesn’t occur and 
the follicle become atretic. several cycles of this sort may occur in the cat before a 
period of anestrum sets in. Dogs and Cats do not have diestrual periods. 

DIESTRUS 

 It is the longest period of the estrous cycle in the domestic animals, including, cow, 
sheep, goat, sow and mare. It is a mid luteal period, it is relatively long period of sexual 
quiescence (rest) between 2 successive estrous cycles in polyestrus animals. 

 In this period, the CL is fully developed, actively functional and the reproductive organs 
are under the dominant influence of progesterone for the preparation of the uterus for 
implantation of zygote and its growth as fetus. 

 LH is required for maintaining the CL in domestic animals. In rodents PRL is 
luteotropic. 

 The endometrium becomes thicker and glands hypertrophy. The cervix is constricted 
and the vaginal mucus is scanty and sticky. The mucus membrane of the vagina is pale. 
The uterine muscle is relaxed. 

 Late in this period, the corpus luteum begins to show regression. The endometrium and 
its glands atrophy or regress in size. In species that are not polyestrus, anestrum may 
occur. 

 In the non gravid uterus PGF2α is produced and it passes into the uterine vein, 
transferred to the ovarian artery and reach the CL by counter current exchange at the 
vein and artery. In CL the PGF interferes with the LH action and produces 
vasoconstriction and arrests blood supply producing luteolysis. 

 In the cow, mare, sow, ewe, doe, PGF2α is the natural luteolytic agent. 
 In the cat, dog and primates PGF2α is not luteolytic and CL is maintained for 35-70 days 

(pseudo pregnancy) 
 Following luteolysis, proestrus of the next estrus cycle is initiated. 
 Corpus albicans represents the fibrosed CL of the previous cycle. 

ANESTRUS 
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 It is a stage of sexual quiescence characterized by the lack of estrus behaviour. Anestrus 
is a normal stage of reproductive function in the prepubertal and in aged animals of all 
specious. Pregnancy is the most common cause of anestrus in polyestrus specious. After 
puberty, anestrus is seen 

o In non pregnant animals in monoestric species such as bitch 
o In seasonally polyestrus species during non breeding season 
o During the lactation in females 

 In all domestic species, anestrus may occur as a pathological condition caused by a 
variety of factors, including nutritional deficiencies, environmental influences. That 
cause endocrine imbalance diseases of ovaries and uterus and infectious diseases causing 
early embryonic death or abortion. 

 All these factors result in economic losses, due to reproduce failure. 
 Anestrum is characterized by the quiescent, function less ovaries and reproductive tract. 
 Uterus is small and flaccid. The vaginal mucosa is pale vaginal mucus is scanty and sticky 

and cervix and tightly closed. 
 Some follicular activity of the ovaries may develop but a mature follicle and ovulation 

seldom occur during the anestrus period 

SPECIES, LENGTH OF ESTROUS CYCLE, DURATION OF ESTRUS 
AND TIME OF OVULATION 

Species Length of estrous cycle 
(days) 

Duration of estrus 
(hour) 

Time of ovulation 

Ewe 16-17 24-36 30-36 h from beginning 
of estrus 

Doe 20-21 20-35 30-36 h from beginning 
of estrus 

Sow 19-21 48-72 35-45h from beginning 
of estrus 

Cow 21-22 18-19 10-12h after end of 
estrus 

Mare 19-25 (21) 4-8days 1-2 day before end of 
estrus 

Bitch In estrus at 7-8 m intervals 7-9 days 1st or 2nd day of estrus 

Queen 16 (non bred) 
(pseudopregnancy 36 

5-6 days Induced – 24-32h after 
mating 

ENDOCRINE CONTROL OF ESTROUS CYCLE 

 Estrous cycle is regulated by hormones from hypothalamus, anterior pituitary and ovary 
o The pulsatile release of GnRH from the hypothalamus regulates the release of 

FSH and LH from the anterior pituitary. FSH and LH are secreted continuously 
by the adenohypophysis throughout the estrous cycle, but the proportion and 
levels of each change during different stages of estrous cycle. 
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o FSH promotes follicular growth and maturation, while a synergistic effect of FSH 
and LH is essential for synthesis of estrogen from the granulose cells 

o Increased level of estrogen in the blood induces estrous behavior, whereas 
estrogen and inhibin from the Graafian follicle inhibit FSH release from the 
anterior pituitary through a negative feed back mechanism 

o Estrogen favors LH surge from the adenohypophysis Via the positive feed back 
mechanism by increasing the sensitivity of anterior pituitary to GnRH a large 
surge of LH and a small surge of FSH synergistically act to initiate ovulation 

o Immediately after ovulation the concentration of estrogen declines, LH activates 
the formation and maintenance of corpus luteum in most of the domestic animals 

o Progesterone increases rapidly during midluteal phase. Progesterone inhibits 
FSH and LH, thus the follicular growth 

o In non pregnant animals, PGF2α is released in late luteal phase causes lusis of 
corpus luteum 

o Following luteolysis, progesterone decreases. GnRH and gonadotropin level; 
increases and initiates another cycle 

o If animal is conceived, progesterone production is continued by corpus luteum 
verum which inhibits follicular growth and ovulation by negative feed back effect 
on FSH and LH. 

FACTORS INFLUENCING THE ESTROUS CYCLE 
PHOTOPERIOD 

 In seasonal breeders, light is the potent stimulatory/inhibitory factor in regulating 
estrous cycle. 

 Light acts through hypothalamus and pineal gland. 
 Melatonin is secreted by the pineal gland during darkness. When the daylight period is 

decreased (decreased photoperiod-winter season) with increasing darkness, melatonin 
secretion is increased. This increased melatonin initiates breeding season in seasonal 
breeders like sheep and goats. 

 In horses and cats, an increasing photoperiod (spring and summer) initiates breeding 
activity which may be due to an inhibitory effect of melatonin on GnRH secretion 

 The farm animals are classified into three groups based on light periods. 
o Hypophysis is activated by period of short or decreasing day light as in sheep and 

goat (melatonin / analogue implants are useful to advance the breeding season) 
o Hypophysis is activated by long or increasing light periods as in horse, donkey, 

cat (increasing the light period at least 2 months before the expected cycle can 
cause onset of estrus one month in advance) 

o Photoperiod sensitivity difficult to perceive, as in cattle and pigs. 

FACTORS INFLUENCING THE ESTROUS CYCLE 
TEMPERATURE AND NUTRITION 

Temperature 

 Hot humid condition depresses reproduction. Protection of ewes from higher summer 
temperature advances the breeding season. During prolonged summer heat, even the 
cows exhibit silent heat. Cold does not generally affect reproduction. 
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Nutrition 

 Low level of nutrients, i.e., proteins, vitamins, minerals, energy etc., may affect the onset 
of puberty, breeding season and also the ovarian activity following parturition. 
Increasing the energy content of the diet from suboptimal to optimal level (especially 
before the onset of breeding season) increases ovulation rate in pigs, goats and sheep 
that ovulate more than one ova and this is called flushing. 

FACTORS INFLUENCING THE ESTROUS CYCLE 
PHEROMONES 

 Pheromones are chemicals that allow communication between animals of the same 
species. 

 The pheromones modify the behaviour of males. Vaginal odours of the female attract the 
males. 

 Methyl-p-hydroxy benzoate of the vaginal secretion of dogs during prooestrus and estrus 
attracts males. 

 Sows assume breeding stance when exposed to urine of boar. Boar odour or boar taint is 
caused by the pheromone androgen-5α androstenone. 

 When a male mouse is introduced into a group of female mice, it causes synchronization 
of estrus in females of that group and this effect is called as Whitten effect. This is 
caused by release of gonadotropins due to introduction of male. 

 If a pregnant female mouse is placed in a cage with a strange male mouse, pregnancy 
fails. This effect is known as Bruce effect and it is due to blockage of PRL secretion 
with subsequent CL regression. 

 Abrupt exposure of females to a male nearing the time of puberty advances the onset of 
puberty or breeding season. This is known as Lee Boot Effect. 

 When a ram is introduced into a group of ewes which are in seasonal nonbreeding 
activity, it will advance the onset of breeding season and synchronize the estrus. This 
effect is called as ram effect. 

 Sight of male as well as physical contact of male with female influences the gonadotropin 
release thereby affecting ovarian activity. 

FACTORS INFLUENCING THE ESTROUS CYCLE 
SOCIAL FACTORS 

 Rearing females in larger groups facilitates puberty earlier than those reared in isolation 
or in small groups. 

 Transporting peripubertal animal for a short distance induces oestrous cycle in ewes 
within a few days due to the effect of mild stress. 

 Presence of male in a flock intensifies oestrus signs. 

PSEUDOPREGNANCY 

 Pseudopregnancy or false pregnancy can be defined as an exaggerated diestrual response 
in bitch and rodents. 

 Related to the extreme sensitivity of the endometrium and mammary glands to 
progesterone in association with other hormonal factors, including prolactin 
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 Corpora lutea of nonpregnant bitch remain functional for an extended period after 
ovulation. 

 The uterus enlarges, abdomen becomes relaxed, and the mammary glands begin to 
develop in preparation for lactation. 

 There is a relaxation of the pelvis and external genitalia similar to the symptoms 
observed during pregnancy. 

 Pseudopregnancy often lasts as long as or longer than a normal pregnancy. 
 The bitch may attempt to build a whelping nest in preparation of parturition. 

POST PARTUM ESTRUS 

 The duration of post partum anestrus is affected by various factors – genetic, 
physiologic, breed, nutrition, suckling, rate of uterine involution, hormones etc. 

 Time required for post partum uterine involution is 4-6 weeks. 
 Progesterone withdrawal following parturition can resume estrus and ovulation. Sow 

exhibits estrus within 48h after parturition without ovulation. In mares there is fertile 
estrus 1-3 weeks after parturition which is called foal heat. Mares can be bred at foal 
heat. 

 In cows, ewes and goat, silent ovulation can occur 2-3 weeks after parturition but fertile 
estrus returns later. Suckling increases PRL secretion which is inversely related to FSH 
and LH. 

 In cat, if mating does not occur, the graafian follicle regresses and a new follicular wave 
occurs. If mating occurs the metestrus is followed by diestrus of almost similar duration 
as pregnancy, even if the mating is not fertile. 

CHAPTER-23: OVARIAN HORMONES 

Learning objectives 

 This chapter explains about steroid and peptide hormones produced by the ovary 
and their functions. 

OVARIAN HORMONES 

Introduction 

 Ovary is the primary female sex  organ that produces two main steroid hormones. 
o Estradiol 
o Progesterone 

 These hormones exert their action on the female genital tract and mammary gland. 

ESTROGEN - SOURCE 

 Granulosa cells of ovarian follicle, placenta, corpus luteum. Adrenal cortex also produces 
estrogen. 

o Estradiol 17 β – predominates in non pregnant animals 
o Estrone – predominates in pregnant animals 
o Estriol – predominates in pregnant primates 
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 Plant estrogen is also found in legumes – Clover and alfa alfa which cause infertility in 
animals. 

 Binding proteins in the circulation carry estrogen. 

  

Estradiol-17 beta 

ESTROGEN - FUNCTIONS 

Action on the CNS 

 Promotes the female sex behaviour and growth of female reproductive tract 
 To induce behavioural estrus in the female but small amount of progesterone with 

estrogen is needed to induce estrus. 
 Regulates the release of FSH and LH from the anterior pituitary by its feed back 

mechanism. 

Action on the uterus 

 It aids in sperm transport by increasing the myometrial contractions. Estrogen priming 
promotes the growth of the endometrial glands. Necessary for maintenance of zygote and 
helps implantation of zygote. 

 At the time of parturition, it sensitizes the pregnant uterus to oxytocin, thus aid the 
uterine contraction along with oxytocin and PGF2α. for the expulsion of fetus 

 Estrogen increase the rate of migration of leukocytes into the uterine lumen, and thus 
increases the bactericidal activity of the uterus during estrum. 

Secondary sexual characters 

 Estradiol is responsible for the secondary sex characteristic of the female 
 It causes the growth of the duct system of the mammary gland 
 It stops growth of long bones by initiating the closure of epiphyseal growth plate 
 It causes disposition and distribution of body fat. 

ESTROGEN - COMMERCIAL USE 

 In ruminants, estrogen also have a protein anabolic effect to increase body weight gain 
and growth. The possible mechanism for increased growth may be due to the ability of 
estrogens to stimulate the pituitary to release more growth hormone. 

o Diethyl stilbesterol – a synthetic nonsteroidal estrogen was formerly used for 
growth promotion. 
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 Estrogen have been used to abort cows and sheep because of their luteolytic property. 
o Regression of CL 

 Treatment 
 Post partum metritis 
 Retained placenta 
 Mummified fetus 
 Pyometra 

 It is epitheliotropic and causes growth of soft skin. So used in ointments in skin ailments, 
produce cornification of vaginal epithelial in certain type of vaginitis. 

PROGESTERONE 

Source 

 Luteal cells of corpus luteum 
 Also produced from adrenal cortex and placenta. 

 

Functions 

 Prepares the endometrium for implantation and maintenance of pregnancy by increasing 
the activity of the secretary glands in the endometrium and by inhibiting the motility of 
the myometrium. In CL-dependent animals (cow, goat and sow) CL-verum maintains the 
secretions of progesterone throughout gestation period, while in placental dependent 
animals (mare and ewes) placenta acts as an additional source of P4 secretion to 
maintain pregnancy by inhibiting the myometrial activity of oestrogen on uterus 

 Acts synergistically with estrogen to induce behavioural signs of estrus 
 By negative feedback mechanism. Progesterone inhibits FSH output and pulsatile LH 

release from the anterior pituitary. Thus prevents follicular maturation during luteal 
phase of the estrus cycle in the cycling animals. During pregnancy progesterone exhibits 
negative feedback inhibition on FSH release and LH surge to prevent ovulation. 

 Responsible for lobular and alveolar growth in the mammary gland 

PEPTIDE FACTORS SECRETED FROM OVARY 

Inhibin 

 Produced by Granulosa cells 
 It inhibits FSH release from AP without altering LH release 

Activin 
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 Present in the follicular fluid and rete testis fluid and have a stimulatory effect on FSH 
release 

Relaxin 

 It has structural similarity with insulin 
 Source – Corpus luteum 
 Dilation of pelvic structure, cervix and vagina prior to parturition 

Oocyte maturation inhibitor 

 Source- Granulosa cells of primordial and developing follicles 
 Maintains oocyte at dictyate stage of meiosis 

Gonadotrophins 

 Produced by granulosa cells 
 GnRH like activity 
 Physiological role not clearly determined, but evidence indicates controlling steroid 

genesis by thecal cells 

CHAPTER-24: PUBERTY 

Learning objectives 

At the end of this chapter, the learner will be able to understand the following 

 What is puberty and pubertal age in different species 
 Mechanism of onset of puberty 
 Factors influencing puberty. 

PUBERTY - INTRODUCTION 

 Puberty is the age at which the male or female gonad becomes capable of releasing 
gametes. 

 In the female, this would be associated with estrus and ovulation. For the female, 
however, puberty is customarily defined as the age at which she will display the first 
estrus or heat. At puberty the female becomes sexually responsive to the stimuli and 
shows visual signs of estrus. Puberty is not a sudden event. It is the result of a gradual 
process of maturation of the reproductive system. At puberty the organs of reproduction 
increase in size. This increase in size is a gradual process and it has got a positive 
relationship with body growth. 

 In males release of first spermatozoa from the seminiferous tubules precedes by several 
weeks their reaching the vas deferens for ejaculation. At the onset of puberty, the 
gonocytes migrate to periphery of tubules and differentiate into spermatogonia. 

 In domestic animals it takes several weeks before sexual maturity is reached. Sexual 
maturity is the period when male or female individual is able to reproduce. (The first 
released gametes are not capable of fertilization). The period between puberty and 
maturity is known as adolescence. 
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MECHANISM OF ONSET OF PUBERTY 

 Puberty is basically the result of a gradual adjustment between increasing gonadotropic 
activity and the ability of the gonads to assume simultaneous steroidogenesis and 
gametogenesis. 

 During prepubertal period, hypothalamus does not secrete sufficient quantity of GnRH 
and the adenohypophysis is also refractive to GnRH. 

 As puberty approaches there will be a rise in both the amplitude and frequency of GnRH 
from the hypothalamus which causes increased responsiveness of adenohypophysis to 
GnRH. This stimulates gonadotropin release from adenohypophysis. 

 In the female from birth till puberty the hypothalamus is extremely sensitive to the 
negative feedback inhibition to even very small amounts of estrogen, which inhibits 
gonadotropin release from the adenohypophysis. This causes no follicular development. 

 Only at the age of puberty this inhibitory action of estrogen on hypothalamus is removed, 
which causes FSH and LH release from adenohypophysis. 

 Follicular growth begins and by a positive feedback effect of estrogen, the hypothalamus 
causes increased LHRH release and the LH surge from pituitary to effect ovulation. 

 Often, the first ovulation at puberty is not associated with behavioural estrus signs (silent 
ovulation) which is due to lack of progesterone (as there is no previous CL) to act in 
synchrony with estrogen for behavioural estrus 

AGE AT PUBERTY (IN MONTHS) 

 Under normal breeding conditions puberty occurs at about 3 to 4 months of age 
in rabbits 

 In buffaloes, the age at puberty is 24 - 30 months in females and 15-18 months in 
males 

 Age at puberty of different domestic animals (in months) 

 Cattle Horse Pig Sheep Goat Dog Cat 

Male 9-10 12-18 5-8 6-8 5-9 5-12 9-12 

Female 6-10 12-18 6-8 4-15 4-15 6-7 5-9 
 

Last modified: Wednesday, 20 June 2012, 11:18 AM 

FACTORS AFFECTING PUBERTY 

 Many factors, including interaction with the opposite sex, adequate to high levels of 
nutrition, favorable climate, and lack of a stressful environment, favor the onset of 
puberty. Other factors, such as confinement of females, probably because of 
pheromones, under nutrition, and adverse climate and environment, discourage the 
onset of puberty. 

Breed and Genetic Influences 

 In general, smaller breeds experience puberty at an earlier age. Bitches of small breeds 
frequently experience first estrus several months earlier than bitches of large breeds. 
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 Jersey heifers have an average puberty age of 8 months, Holsteins, 11 months and 
Ayrshires, 13 months. Perhaps the selection for genes controlling breed size was 
concurrent with the selection of other genetic traits such as age at puberty. 

 If the animal is in good health and on good diet the age is related to body weight. 

Climatic Effects 

 Puberty in man occurs earlier in the tropics than in the temperate zones. But good 
comparative data are not available in domestic animals. However, temperate climates, 
including the interaction of temperature, humidity, diurnal variation and daylight, favor 
early puberty in all animals. 

Seasonal Effects 

 An unusual situation exists in the seasonal breeding sheep, since age at puberty can be 
overridden to some extent by the occurrence of the breeding season. If the hypothalamo-
pituitary-ovarian axis is sufficiently developed, then puberty can be initiated at an early 
date. For example, ewe lambs born early in the spring may show first estrus during fall 
when they are only 180 days of age. But ewe lambs born late in the spring or the early 
summer may not show first estrus until the breeding season in the fall of the following 
year when these females have reached 400 to 500 days of age. 

Effect of Nutrition 

 A high plane of nutrition favors an earlier puberty, and a low plane of nutrition delays 
puberty. This is particularly true for non seasonal breeding animals. Apparently there is 
an interaction of nutrition, body weight gain, and age, since animals maintained under 
good nutrition reach puberty at an earlier age. But poor nutrition is not able to prevent 
the eventual onset of puberty, although severe delays can be caused to the extent that the 
age of puberty can be doubled. 

Effect of Sex 

 In general females of all species reach puberty at an earlier age than males However, 
evidence to the contrary is also available. For instance, more bull calves, lambs, goats, 
dogs, and likely males from other species as well, produce ejaculates containing 
spermatozoa, and therefore have reached puberty, at an earlier age than the majority of 
females display the signs of the first overt estrus. 

Disease, Hygiene and cleanliness 

 Poor health and unhygienic conditions are unfavourable for onset of puberty. 

Exposure to opposite sex 

 Favours the early onset of puberty. This technique is used at organized farms. 

CHAPTER-25: FERTILIZATION 
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Learning objectives 

At the end of this chapter, the learner will be able to understand the following 

 How the spermatozoa reach the site of fertilization in the female reproductive tract 
 Changes takes place in spermatozoa before it penetrates oocyte 
 How spermatozoa penetrates the oocyte 
 Union of male and female gamete 
 Block to polyspermy. 

SPERM TRANSPORT 

 Semen is deposited in vagina in cattle, sheep, primates and it is deposited in the uterus 
in the horse and in cervix in case of swine. There are 2 phases of transport. 

o Rapid phase 
o Prolonged phase 

Rapid phase 

 The rapid phase of transport results in spermatazoa being present in oviducts within 
after insemination due to 

o Negative uterine pressure. 
o Contraction of uterus within and oviduct due to prostaglandins in the seminal 

plasma in male and oxytocin – due to copulatory stimulation in female. 
o Transport in oviduct depends on motility of cilia and segmental contraction of 

the fallopian tubes. 

Prolonged phase 

 Spermatozoa destined to be involved in fertilization are transported slowly and are 
stored in parts of the tubular genitalia. To animals (eg. ruminants) that deposit semen in 
the vagina, the cervix serves as a important role as a sperm reservoir, from which 
spermatozoa are transported to the uterus and oviducts over a period of hours. The 
spermatozoa disappear from other areas of the genital tract because of phagocytosis by 
the leucocytes/macrophages, many are trappers in cervix other sperm reservoirs are 
located in the oviduct near the uterotubal junction. 

 Spermatozoa pass from the oviductal storage areas into the oviducts, where their 
numbers are maintained at relatively constant levels. 

 The passage or transport of spermatozoa from the vagina through the cervix and uterus 
and into the oviduct is very rapid less than 15 minutes, in all domestic animals. 

Times taken for sperm to reach the oviduct 

o Bitch - 20 min 
o Mare - 15 min 
o Ewe - 8 min 
o Cow - 2-4 min 

 Spermatozoa retain their fertilizing capacity in the female tract for 
o Cow, ewe and sow- 24-48 hrs 
o Bitch - 90 hrs 
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o Mare -5 days 
 The cervix is considered to be an ideal site for survival of spermatozoa. In the vaginal 

passage sperm do not survive more than 1-2 hours. 
o The fertilizing life spam of spermatozoa is twice as long as that of ova. 
o Spermatozoa require a few hours in the female tract to gain the ability to fertilize. 

 Thus spermatozoa are waiting in large number to ensure the fertilization of ova or an 
ovum immediately after ovulation. 

o Billions of spermatozoa are usually ejaculated into the female genital tract of 
animals at coitus. 

o In mare and sow most of these promptly enter the uterus. In other species only 
about 10 or 100 million spermatozoa pass through the cervix into the uterus. 

o 100 - 1000 spermatozoa: ampulla of the oviduct 
o 10 - 100 spermatozoa: vicinity of the unfertilized ovum. 

 Normally only one spermatozoon is needed for fertilization, but without a total optimum 
concentration of 10 million sperm/ml in AI, the conception rate declines. 

CAPACITATION OF THE SPERMATOZOA 

 Ejaculated spermatozoa in most species are incapable of penetrating the ovum 
immediately. Spermatozoa must undergo some physicochemical changes after they are 
deposited in the female reproductive tract in order to acquire the ability to penetrate the 
zona pellucida and fertilize the ova. This process is referred to as capacitation. This 
requires 1.5 h in sheep, 3-6 h in pigs. 

 Capacitation begins in the uterus and is completed in the oviduct. 

During capacitation 

 Glycoproteins originating from seminal plasma or epididymal fluid are removed. 
 Hydrolytic enzymes are activated in the acrosome. The actual process involves a partial 

breakdown and fusion of the outer acrosome and plasma membranes to form ports 
through which the acrosomal enzymes hyaluronidase and the trypsin like acrosin escape. 
These enzymes permit the sperm cell to penetrate the cumulus cell mass around the 
ovum by depolymerising the hyaluronic acid protein matrix of the cumulus. 

o i.e. before the sperm cell can penetrate the zona pellucida it loses the acrosome 
cap and plasma membrane exposing the perforatorium and inner acrosomal 
membrane which are responsible for penetration through the zona pellucida. 
These lytic enzymes such as trypsin and hyaluronidase permit the sperm cell to to 
make oblique tunnels through the proteinaceous zona into the perivitelline space. 
When the plasma membranes are in contact, the two structures unite and the 
entire sperm passes into the cytoplasm of the egg. 

o Capacitation also increases the metabolic activities of the sperm cell by increasing 
the rate of glycolysis and oxidative mechanism. 
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(Source: Wikipedia) 

OVUM TRANSPORT AND SPERM ATTACHMENT 

 The fimbriated end of the infundibulum picks up the ovum and the ovum is transported 
down the uterine tubes into the uterus by the combined actions of the cilia on the 
mucosal surface of the epithelial cells and contractions of the uterine tubes. The 
contractions in turn are dependent on. 

o Ratio of hormones, estrogens and progesterone (high level of estrogens increase 
the contraction). 

o The level of prostaglandins. 
o The degree of stimulation of the uterus by the sympathetic division of ANS. 

 Immediately following ovulation, the ovum with the vitelline membrane (Cell membrane 
of the ovum) is surrounded by a thin zona pellucida and by a variable amount of 
granulosa cells cumulus oophorus. A well defined corona radiata is seen in the bitch, but 
absent in cow, ewe, sow and more. 

 The rate of transport of ova through the ampulla portion of the oviduct to ampullary-
isthmus junction is quite rapid and occurs within few minutes (8 to 30 min). 

 The cilia in the rabbit oviduct beat at a rate 1500 per minute. 
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 The cumulus and corona cells around the zona pellucida of the ovum in most domestic 
animals only persists for a few hours or less after ovulation and fall away in the oviduct. 

 In the dog and cat the corona cells may persist for several days. The protoplasmic 
projections from these cells into the zona pellucida are withdrawn soon after oviduct ion 
due to contact with fibrinolytic enzymes in the oviductal fluid. The cumulus and corona 
cells die and separate the ovum aided by the ciliary and muscular activity of the oviduct. 

 Inside the zona pellucida is the vitelline membrane or vitellus which is similar to the 
plasma membrane of the somatic cells. The zona pellucida is a homogenous 
semipermeable structure surrounding the ovum composed of conjugated protein capable 
of being dissolved by proteolytic enzymes such as trypsin and chymotrypsin. After 
fertilization the vitellus and a perivitelline space is formed between the zona pellucida 
and the vitelline membrane into which the polar bodies are extruded. 

 The fertile life of ovulated ova in domestic animals is relatively short, 12 – 24 hours 
except in bitch (4 – 8 days) 

o Cow = 20 - 24 hours 
o Horse = 6 – 8 hours 
o Sheep = 16 – 24 hours 
o Swine = 8 – 10 hours 

 In cow, ewe and the sow the ovum is released as secondary oocyte, the first polar body 
has been formed and metaphase of the second maturational division. The second 
maturational division occurs only after fertilization by spermatozoa. 

 In the horse, dog and fox oocytes ovulate as primary oocyte ie before the formation of the 
first polar body and then mature in the uterine tube. 

Sperm attachment 

 The attachment of sperm head to the zona pellucida is regulated by receptor sites on the 
zona surface. The mature oocyte synthesis a glycoprotein ZP3, which functions as the 
sperm receptor to which the sperm with intact acrosome can bind. The presence of 
glycosyl transferases proteinases and glycosidases on the plasma membrane covering 
help the sperm head to bind with ZP3. 

FERTILIZATION 

 Fertilization is the fusion of the male and female gametes to form a one single cell. i.e, to 
have diploid number of chromosome. Fertilization is the union of viable ovum and 
sperm. It takes place in the ampullary isthmus junction of the oviduct. 

 At the time of fertilization, the ovum consists of a nucleus surrounded by a plasma 
(vitelline) membrane. The ovum is covered with a mucoprotein coat called the zona 
pellucida. The special granulosa cells (cumulus oophorus) that surround the zona 
pellucida are usually lost after ovulation. 

 Following capacitization and contact with the ovum, when the spermatozoa penetrates 
the zona pellucida, zona reaction occurs. This protective reaction prevents the 
penetration of the vitelline membrane by other sperms. This penetration is accomplished 
by the acrosomal enzymes, hyaluronidase and acrosin and trypsin like enzyme break 
down the hyaluronic acid – protein matrix of zona pellucida. 

 The spermatozoa upon penetrating the zona attaches to vitelline membrane and 
stimulates the second meiosis in the ovum to form the second polar body and the ovum 
forms the female pronucleus. Once the spermatozoa penetrates the ovum its head 
enlarges and converts into the male pronucleus. 
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 Both male and female pronuclei enlarge many times before they move towards each 
other. 

 The gamete membrane come in contact with each other and fuse incorporating sperm 
and egg nuclei into a single cell. This process is known as syngamy. 

 
(Picture source: Wikipedia) 

BLOCK OF POLYSPERMY 

 Immediately following fertilization, the ovum surface changes and prevents further 
fusion with the additional spermatozoa. 

 The block to polyspermy (entry of multiple spermatozoa) is at zona pellucida in sheep 
and swine. With a secondary physiologic block at the vitelline membrane in some 
species. (eg. rabbit). 

 Initiation of the block occurs at the point of sperm penetration into the ovum where the 
central granules are released into the perivitelline space which causes excessive 
reorganization of the zona pellucida and vitelline surface and this is referred to as the 
zona or cortical reaction. 

 This causes the release of enzymes to harden the zona pellucida and thus inactivate 
sperm receptor (ZP3). 

 Proteolysis of female ZP3 and ZP2 also alters, physical characteristics of the zona to 
prevent further penetration of accessory sperm. 

CHAPTER-26: PREGNANCY 

Learning objectives 

At the end of this chapter, the learner will be able to understand the following 

 How the zygote develops into embryo 
 How the mother recognizes the presence of embryo in uterus 
 How embryo gets implanted in the uterus 
 Gestation length in different species 
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 Hormonal control of gestation. 

DEVELOPMENT OF EMBRYO 

 The mammalian ovum, one of the largest cells of the body after fertilization forms the 
zygote. By a series of mitotic divisions (Cleavage division) the zygote becomes a two cell, 
4 cell, 8 cell and 16 cell embryo and so on. Finally a solid ball of cells called the morula is 
formed. 

 Most species form a morula at approximately 16 to 32 cells. Morula having a fluid filled 
cavity (blastocoele) is referred to as blastocyst. 

 The zygote remains in the oviduct for 3-4 days after fertilization. 

   

MATERNAL RECOGNITION OF PREGNANCY 
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 At appropriate time, the conceptus must produce some substances (protein/ steroid) to 
signal its presence to the mother. 

 This signal is important for 
o Inhibition of PGF2α production 
o Maintenance of CL 
o Production of Progesterone 
o Endometrial development and secretary activity 

 This critical period when the conceptus gives signal is called maternal recognition of 
pregnancy. 

Cow 

 16 – 19 day of pregnancy conceptus secretes bovine trophoblast protein bTP-1 
 It makes the endometrium unresponsive to estrogen 
 Inhibits oxytocin induced PGF2α production 
 Endometrium produces endometrial PG synthetase inhibitor (EPGS) decreases 

PGF2α production 
 Conceptus moves 12 – 14 times/ day between 12 – 14 day of gestation to inhibit 

PGF2α production 

Sheep 

 Secretary proteins inhibits PGF2α production 
 Among secretary protein OTP -1 or Type I conceptus interferon 
 Stabilizes P4 receptor 
 Prevents activity of estrogen receptor and formation of oxytocin receptor 
 Stimulates activity of enzyme – Ketoreductase which converts PGF2α in to PGE2 

Pigs 

 Estrogen of conceptus gives signal. This occur in two phases 11 – 12 day of gestation and 
16 – 30 day of gestation 

 Estrogen not inhibiting PGF2α production. But secretion of PGF2α in to capillaries in 
endocrine manner is blocked. 

 Conceptus must be in both the uterine horns and 2 conceptus per horn is essential for 
pregnancy to continue. If not, PGF2α produced from non gravid horn causes lysis of CL 
of both ovaries. 

Bitch and Queen 

 Life span of CL of non pregnant bitch greater than pregnant bitch.Hence does not need 
any mechanism to extend luteal phase. 

 In queen, the act of inducing the ovulation extend the lifespan of CL to 36 days which is 
the duration of pseudopregnancy (pregnancy is 65 days). After 36 days of pregnancy 
some unknown factor lengthens the lifespan of CL 

Primates 

 Secretion of hCG in human and mCG in monkey within 1-2 days after implantation 
shows luteotropic activity 
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IMPLANTATION 

 Implantation is the process whereby the new embryo becomes established at a 
developmental site on the endometrium to develop into a fetus. 

o Following fertilization, the new embryo reaches the uterus 4 days post-estrus 
in cows and ewes. It is slightly sooner in sows and slightly latter in bitches 

o Estrogen influences the motility of the oviducts and the passage of zygote 
from the oviduct into the uterus. The rate of transport is controlled by ratio of 
estrogen and progesterone. 

o Before the passage of the embryos into the uterus, progesterone from the 
developing CL has been preparing the uterus to retain and nurses the 
embryos. Progesterone decreases the muscular activity and tonicity of the 
uterus and promotes the development of a glandular epithelium, which is 
responsible for producing uterine milk. 

o The nutritive requirements of the embryo are supplied by the yolk material 
and secretions of the oviducts and uterus 

o The embryo remains free-floating in the uterine fluid after its entry into the 
uterus until implantation and derives its nutrients from the endometrial 
secretions. 

o The rate of transport through oviduct is controlled by the estrogen and 
progesterone ratio. 

o After its entry into the uterus the embryo remains free-floating in the uterine 
fluid until implantation and derives its nutrients from the endometrial 
secretions. 

o The embryo continues to grow by mitotic division and the cells become 
arranged to one side (known as compaction) and fluid accumulates in the 
central cavity known as blastocoele and the conceptus is called blastocyst 

o The blastocyst has two cell types – 
 an outer layer of cells called trophoblast which later forms the placenta 

and 
 group of cells surrounded by trophoblast known as inner cell 

mass (ICM) which develops into foetus 

 

 When the blastocyst reaches the uterus, it is still covered by zona pellucida. In 6-11 
days after fertilization, the zona pellucida breaks down and release the embryo which 
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is referred to as "zona hatching". Zona hatching is contributed by blastocyst 
expansion and contraction and aided by lytic enzymes 

 Zona hatching – cattle 9-11 days, horse-8; sheep-7-8 and swine in 6 days after 
fertilization 

 The blastocyst elongates because of formation and hyperplasia of extra embryonic 
membranes 

 Blastocyst elongation occurs in cows, sheep, and pigs, but not in horses 
 Concurrent with blastocyst elongation, gastrulation (ICM differentiate into three 

distinct layers – ectoderm, mesoderm and endoderm) occurs in the embryo 

     

 

(Picture source: Wikipedia) 

 Spacing of embryo in the uterine horn in polytocous animals occurs during this 
period. 
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 In litter bearing animals, transuterine migration of zygote helps to distribute the 
embryos which are affected by uterine muscle contraction in the presence of 
embryos. The spacing of embryos is important for the normal foetal development.  

Species Days of implantation 

Cow 30 – 35 days 

Doe 20 - 25 days 

Ewe 15 – 18 days 

Sow 14 - 20 days 

Bitch 15 days 

Queen 13 days 

Primates 6 - 8 days 

TYPES OF IMPLANTATION 

 There are two types of implantation 
o Invasive 
o Non-invasive 

Invasive 

 Eg. Primates and rodents. 
 Blastocyst penetrate the uterine epithelium. This is accomplished by proliferation of 

uterine epithelium in the viscinity of blastocyst (Decidualization) 

Non – invasive 

 Not penetrating and is superficial 
 It involves apposition and adhesion of trophoblast and uterine epithelium or 

interdigitation of trophoblastic villi and uterine epithelium. 
 Ruminants 

o Implantation occurs – specialized endometrial protrusion (caruncles) 
 Horse and pig 

o Trophoblastic villi interdigitate with uterine epithelium except at opening of 
uterine glands 

o But in horse, on day 38 band like structure on the chorion (chorionic girdle) 
detach themselves, and penetrate endometrium to form endometrial cup. 

 Dog and cat 
o Less invasive 

PERIODS OF PREGNANCY 

 Prenatal life of an individual is divided into 3 periods 
o Period of ovum 
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o Period of embryo 
o Period of fetus 

 Period of ovum 
o It is the period between fertilization to blastocyst formation. 
o It lasts until the embryo makes loose attachment in the endometrium. Embryo 

until 4-5 days in most species lies in fallopian tube and nourished by secretions of 
fallopian tube and small amount of nutrient carried by gamete. After 4-5 days, 
zygote reaches uterotubal junction and moves into uterus. 

o In uterus, uterine milk nourishes the embryo. 
 Period of embryo 

o It lasts from blastocyst development to organogenesis and development of extra 
embryonic membranes. 

o Implantation occurs in this period. 
o During early part of this period, it derives nutrition from uterine fluids. After that 

derives from placenta. 
 Period of fetus 

o It is the time during which most part of the placenta and fetus occurs and lasts 
until parturition. 

 Of the three periods, the period of fetus is longest. Most critical period is period of 
embryo as most embryonic death occurs in this period. 

GESTATION LENGTH 

 

Species No. of days 

Cow 280 days 

Buffalo 310 days 

Sow 114 days 

Mare 340 days 

Sheep and goat 150 days 

Dog 60 – 63 days 

Cat 56 - 65 days 
 

FACTORS INFLUENCING GESTATION LENGTH 

Maternal factor 

 Age of dam – young animals have slightly shorter gestation length than older ones 

Fetal factor 

 Litter size 
o Monotoccus animals have longer gestation length than polytoccus animals 
o In monotoccus species, if twin fetuses, gestation length is slightly shorter (5-6 

days) 
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Sex 

 Male fetus will be carried few days (1-2 days) longer than female fetus 

Endocrine factors 

 Anterior pituitary and adrenal hormones of fetus initiates parturition at end of gestation 

Genetic factor 

 Species –larger size species longer will be the gestation length 

Breed 

 Minor variant due to season, mating time and feeding time 
 Difference in mutton and wool breed of sheep 

Fetal genotype 

 Prolonged gestation length in dairy cows carrying fetus homozygous for autosomal 
recessive gene 

 Mare X Stallion – (320 – 360 days) 
 Mare X Jack donkey – Mule – 360 – 380 days 
 Jenny donkey X Stallion – Hinny – Shorter gestation length than horse 

Environment 

 Nutrition – Prolonged deficiency will influence gestation length. Fed animals have 
slightly shorter than on maintenance ration 

 Season – If conceived in late summer/ autumn, Shorter gestation length than those 
conceived in early spring (foals) 

HORMONAL CONTROL OF GESTATION 

 Gestation and parturition – Entirely under hormonal control 
 Nervous control of uterus is not essential during gestation 

o In farm animals 
 12 – 16 days after estrum/ coitus, presence of embryo/ conceptus causes 

 Persistence of CL 
 Cessation of estrous cycle 

 Due to 
 Continuous release of luteotropin from anterior pituitary 
 Prevent release/ formation of PGF2α 

o Progesterone from CL/ placenta essential for 
 Growth of endometrial gland and uterine milk secretion 
 Endometrial growth 
 Attachment of placenta 
 Inhibits uterine contraction 

o Certain amount of estrogen is essential to 
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 Enhance effect of progesterone 
 In later pregnancy 

 Udder development 
 Relaxation of pelvic structures 
 Cervical relaxation 
 Sensitize the uterus to oxytocin 

o LH from anterior pituitary to maintain corpus luteum 
o Fetal pituitary and adrenal hormones initiates parturition at the end of gestation 

CHAPTER-27: PLACENTA 

Learning objectives 

At the end of this chapter, the learner will be able to understand the following 

 What is placenta 
 How placenta can be classified 
 What are the functions of placenta 
 Hormones produced by placenta and its function. 

PLACENTA - AN INTRODUCTION 

 As the embryo increases in size, the extra embryonic or fetal membrane of placenta 
develops to meet the increasing need for more nutrients to nourish the developing 
embryo. It also acts as an organ of respiration and excretion. 

 The trophoblastic cells of embryo participate in the formation of placenta. The outer 
single layer of cells of blastocyst referred to as the trophoectoderm, contributes to the 
outer layers of placenta. Inside the trophoectoderm is a group of cells called the inner 
cell mass which forms the embryo proper also a portion of placenta 

 The fetal membranes consists of 
o Primitive yolk sac 
o The amnion 
o The allantois 
o chorion, which when combined with the allantois form the chorio allantois 

The Chorion 

 The chorion is the outermost membrane and is in contact with maternal uterine 
endometrium. 

 The chorioallantois or allontochorion is formed by the fusion of outer layer of the 
vascular allantois and chorion. This structure richly supplied with blood vessels 
communicating with the endometrium carries metabolic interchanges of gases, nutrients 
and wastes between the fetal and maternal circulations. 

The allantois 

 The allantois arises in the second and third week of gestation in bovine fetuses the 
allantoic cavity stores the waste products of the fetal kidneys. The allantoic sac a fluid 
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filled space formed by 2 layers of allantois is located between the amnion and chorion 
and is called the first water bag. 

The amniotic sac 

 The amnion forms about 13-16 days after conception in sheep, cow. It is a double walled 
sac the completely surrounds the fetus except at the umbilical ring. The amniotic cavity 
plays a role in the care of some waste products. The amniotic sac is also a fluid filled 
allantoic sac is expelled first then the amniotic sac. 

Yolk sac 

 It is a primitive structure developing early in the embryonic period and dispersing after a 
short period of time in ruminants and swine but persists for 4-6 weeks in horse. 

 

CLASSIFICATION OF PLACENTA 

 Based on the number of layers between the dam and the fetus separating the two bloods. 
 Based on chorionic villi pattern and their shape of attachment to the uterus. 
 Based on loss of maternal tissues occurring at birth of the fetus 

BASED ON THE NUMBER OF LAYERS BETWEEN THE DAM AND 
THE FETUS 

 The fetus and the maternal blood are separated by six layers of tissues 
o Maternal tissues 

 Endothelium of blood vessels 
 Connective tissue 
 Epithelium of uterus 

o Fetal structures 
 Chorion (trophoblast) 
 Connective tissues 
 Endothelium of the fetus 

 These form the six layered barrier to separate the maternal blood from fetal blood 
 Based on the number layers that separate the maternal and fetal blood, placenta can be 

grouped into the following types 

Epitheliochorial 
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 It is the simplest form of placentaion, it consist of all the six layers. Epithelium of the 
uterus has direct contact with the chorion of the fetal placenta 

Eg: Sow, Mare, Cow and donkey 

 Mother- Endotheilum, Connective tissue, epithelium 
 Fetus – Epithelium, Connective tissue, Endothelium 

Syndesmochorial 

 It involves the loss of one of six layers - the epithelial lining of the uterus. The fetal 
structure, the chorion forms a direct contact with the connective tissue and the 
endothelium of the carnuncles of the dam. 

Eg: Ewe and doe 

 Mother- Endothelium, Connective tissue 
 Fetus - Epithelium, Connective tissue, Endothelium 

Endotheliochorial 

 Two layers, the connective tissue and the epithelium of the uterus are lost, while the 
endothelium of blood vessels of the dam directly attaches with the fetal structure. 

Eg. Bitch and Queen 

 Mother- Endothelium 
 Fetus - Epithelium, Connective tissue, Endothelium 

Hemochorial 

 All the three layers of the maternal tissues are lost, only the three of the fetal structures 
are left; the chorion (trophoblast), is bathed by the blood of the dam 

Eg: Monkey, Women 

 Mother – blood 
 Fetus - Epithelium, Connective tissue, Endothelium 

Hemoendothelial 

 Only one tissue layer, the endothelial layer of the fetal capillaries separates the maternal 
and fetal blood systems 

Eg: Guinea pig, rabbit and rat 

 Mother- Blood 
 Fetus - Endothelium 
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BASED ON THE LOSS OF MATERNAL TISSUES OCCURRING AT 
BIRTH OF THE FETUS 

Deciduate 

 In this type, the deciduate composed of portions of maternal epithelium, submucosa, 
deciduate cells and the fetal placenta are shed at parturition leaving a portion of the 
endothelium denuded. 

 In bitches and queens, there is moderate loss of maternal tissues at birth of the fetus 
 In monkey and women, there may be extensive loss of maternal tissue during 

parturition. 

Non- deciduate type 

 There is no loss of maternal tissue at the birth of the fetus (sow,mare,ewe,doe and cow) 
 In this type, placenta and fetel membranes are expelled at the time of parturition leaving 

the endometrium intact except in ruminants in which only the surface of the caruncles 
are devoid of epithelium after the caruncle sloughs about 6-10 days following parturition. 

BASED ON CHORIONIC VILLI PATTERN AND THEIR SHAPE OF 
ATTACHMENT TO THE UTERUS 

Diffuse 

 Chorionic villi cover most of the fetal placenta, projects into the crypts, scattered over the 
entire endometrium of the uterus except at the openings of the uterine glands. 

Eg: Sow, mare 

Discoid or Spherical 

 The placenta gets attached to the uterus in a disk- shaped area only 

Eg: Guinea pigs, Rabbit and rat 

Zonary 

 The chorion of the fetal placenta is attached in a grill like band with the uterus of the 
dam. 

Eg: Bitch and Queen 

 The placenta forms a zonary band in the uterine lumen in the middle of the oval sac. 

Cotyledonary 

 Here the attachment of the portion of the chorion of the fetus (Cotyledons) with the 
uterine epithelium of the dam in mushroom like area is called as the caruncles. 
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Eg: Ewe, Doe, Cow and Buffalo 

 Endometrial caruncle and fetal cotyledon together constitutes Placentomes 
 There are 75-120 placentomes in the pregnant cow and 80- 90 placentomes in the 

pregnant ewe. 

FUNCTIONS OF PLACENTA 

 The blood of the fetus and dam never come into direct contact but the two circulations 
are close together for transfer of substances. 

o Placenta aids in the transport of nutrients such as carbohydrate, protein, fatty 
acids, glycerol, water, inorganic salts but lower concentration of vitamin A, D and 
E from the mother to fetus. Fructose comprises 70-80% of sugar in fetal blood 
and it is produced by the placenta from glucose. Its function in fetus is not 
known. 

o It helps gaseous exchange between maternal and fetal blood 
o Functions as an excretory organ to transfer the excretory products of the fetus to 

the maternal blood. 
o Placenta is a temporary endocrine organ and produces progesterone, placental 

lactogen, gonadotropin like hormones (eCG and hCG) and at the end of gestation 
period relaxin 

o Helps in maintenance of pregnancy 
o Participates in parturition. 

 

PLACENTAL HORMONES 

 Placenta is a transient endocrine organ like corpus luteum 
 It seems to be able to produce hormones either identical to or with similar 

biological activity to almost any of the known hormones of mammalian system 

Placental hormones are 
Progesterone 

 The farm animals can be classified according to the source of progesterone during 
the latter half of gestation as 

o placenta dependent – mare, ewe and woman 
o CL- dependent - cow, doe, sow, bitch and queen 

 Key hormone in maintenance of pregnancy 
 Animals in which placental progesterone is low, CL is essential throughout the 

pregnancy 
 In the placental- dependent animals, the progesterone production does not 

require LH 
 In sheep and primates, luteal production of progesterone is continues throughout 

the pregnancy, even though placental production of progesterone is dominant. 
 In mare, CL regression happens at mid gestation. Therefore, placental 
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progesterone is solely responsible for pregnancy by about 150 days of gestation. 

Estrogen 

 Major steroid in addition to progesterone is estrogen 
 Major estrogen during pregnancy 

o Primates - Estriol 
o Domestic animals - Estrone 

 For pregnancy diagnosis estrogen conjugate in blood/ urine by 40th day of 
gestation in mare (Cuboni’s test) 

PMSG or eCG 

 It was discovered when blood from pregnant mare produced sexual maturity in 
immature rats. 

 It is a glycoprotein hormone with α and β subunits, similar to FSH and LH. But 
with high sialic acid (longer half life) 

 This placental gonodotropin is secreted by endometrial cups of equine uterus 
 Secretion from 40th day of gestation to 20th week. Maximum 70 – 85th day 
 It stimulates follicular development (due to FSH effect) 
 Some of the follicles ovulates, but most follicles gets lutinized due to LH like 

action. These additional corpora lutea produce progesterone for maintenance of 
pregnancy. 

 Thus eCG has both FSH and LH activity but FSH is dominant 
 Present in blood. Not found in urine 
 Used to induce superovulation in domestic animals and follicular development in 

anestrus animals 

Human Chorionic Gonadotropin (hCG) 

 Glycoprotein with α and β subunits 
 Has high content of sialic acid 
 Source – Trophoblastic cells of chorionic villi of placenta of women and primates 
 Found in both and urine 
 Detected in urine as soon as 8 days after conception by sensitive RIA. 
 Has LH and FSH action. But predominantly LH action 
 Used in the treatment of cystic ovary and induction of ovulation. 
 Since it appears early in human pregnancy, is detected in the urine under the 

basis of human pregnancy test. 

Placental lactogen 

 It is a protein hormone with property similar to prolactin and Growth hormone 
 Demonstrated in Cow, Sheep, Doe and Women 
 Its level is greatest during last trimester of pregnancy when rapid growth of fetus 

occurs 
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 Important regulator of maternal nutrients to available to the fetus 

GH action 

 Epiphyseal growth 
 Protein synthesis/ weight gain 
 Increase lipolysis 

Prolactin 

 Casein synthesis 
 Mammary alveolar development 
 Milk secretion 

Its level is higher in dairy cows than in beef cows 

Protein B 

 Half life – 7 days (due to its carbohydrate content) 
 Source – ovine and bovine placenta 
 Detected in blood of pregnant cow as soon as 22 days after conception 
 Not found in milk/ urine 
 Prevents destruction of CL 
 First reliable hormonal pregnancy test for the cattle 

Relaxin 

 Polypeptide hormone. α and β subunits connected by 2 disulfide bonds 
 Structure similarity with insulin 
 Source – CL, placenta 

o In mare – from 70 days 
o Queen – 20 days 
o Bitch – 20 days 

 It helps to soften and dilate the cervix 
 Relaxes the sacroiliac joints in cows and ewes 
 Widens the birth canal at parturition 

CHAPTER-28: PREGNANCY DIAGNOSIS 

Learning objectives 

 This chapter explains about how the pregnancy can be diagnosed by different methods in 
various species of animals. 

PREGNANCY DIAGNOSIS - AN INTRODUCTION 
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 Pregnancy diagnosis is of considerable economic value. 
 Early diagnosis of pregnancy is required soon after mating for early identification of non 

pregnant animals so that loss in production time due to infertility may be reduced by 
treatment. 

 Pregnancy diagnosis is also required to certify animals for sale, insurance. 
 To help economic management of animal production. 
 There are two methods of diagnosis 

o Clinical method 
o Laboratory method. 

CLINICAL METHODS OF PREGNANCY DIAGNOSIS 

 It depends on the detection of the conceptus - fetus, fetal membranes and fluids. 
 Rectal Examination 

o Accepted method of pregnancy diagnosis in mare, buffalo and cow. 
o The uterus is palpated through the rectal wall to detect uterine enlargement of 

pregnancy and the fetus or fetal membranes. 
o The method can be performed at early stages of pregnancy, 
o It is accurate and the result is known immediately. 
o This method is not suited for ewe and sow due to small pelvic cavity. However, 

fremitus can be felt by palpation through rectal wall, in one or both uterine 
arteries in sows from 28 days and it is a simple and rapid test. 

 Radiography 
o Useful to detect pregnancy in sheep, goat and swine 
o Based on the identification of fetal skeleton on the X-ray 
o Can be applied only during the last trimester of gestation, costly, posses radiation 

hazard and requires restraint of the animal. 
 Ultrasonography 

o Ultrasound waves operate at frequencies of 1 to 10 MHz and are inaudible to 
human ear. 

o Two types of ultrasound are employed 
 Doppler phenomenon 
 Pulse-echo principle 

Doppler Phenomenon 

 In this method, sound waves striking a moving object are reflected to the transmitting 
source at a slightly altered frequency. 

 The transducer (probe) is applied to the animal’s abdominal wall or inserted into rectum; 
the transducer emits high frequency waves which are reflected back to the probe with 
altered frequency by the fetal heart or fetal blood flow; 

 The reflected waves are converted to audible sound and amplified through speakers or 
illuminated through oscilloscope. 

Pulse-Echo Ultrasound 

 Pulses of ultrasound generated by piezoelectric crystals in a transducer, when come into 
contact with tissues of varying impedance, are reflected (echoed) to the transducer; then 
they are converted to electrical energy and displayed on a cathode ray oscilloscope in two 
forms 
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o A-mode and 
o B-mode are currently used. 

 A-mode (amplitude) is one-dimensional display of echo amplitude versus distance 
 B-mode produces an accurate two-dimensional image of soft tissues 
 The ultrasound technique can used to diagnose pregnancy in farm animals. 

Species Earliest day after mating 
(days) 

Accuracy of detecting pregnancy 
(%) 

Horse 9 100 

Cattle 20 100 

Buffalo 30 - 

Sheep and 
goat 

45 – 50 100 

Pigs 60 70 – 90 

PREGNANCY DIAGNOSIS - LABORATORY 
METHODS 

It depends on detecting changes occurring in the maternal tissues bearing a conceptus or 
substances produced by the conceptus 

 Vaginal Biopsy 
o The vaginal mucosa undergoes changes due endocrine influence during 

pregnancy with reduction in number of layers. This can be detected by 
histological techniques. 

o This method involves sampling, processing and microscopic examinations, which 
are time-consuming and costly 

o This method has limited practical applicability. 
 Immunological Diagnosis 

o This technique depends on detecting or measuring substances arising in the 
conceptus, uterus or ovaries and enter the maternal blood, urine or milk. 

 Pregnancy Associated Substances 
o Several substances appear in the maternal blood during pregnancy and can be 

used as indicators of pregnancy. 
 Early Pregnancy Factor 
 Pregnancy-Associated Antigens 
 Hormones 

Early Pregnancy Factor 

 The EPF has been identified in woman, sow, ewe and cow. 
 It can be detected by the rosette-inhibition test. 
 Pregnancy can be detected within few days after conception. 
 It is time-consuming and has limited use in farm animals. 

Pregnancy-Associated Antigens 
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 Antigens specific to pregnancy have been reported in sheep, cattle and horses. 
 They are detected at the later half of pregnancy and have limited value in animals. 
 E.g. of pregnancy associated antigens–protein-B appear from day 24 of pregnancy in 

cows 
 Placental lactogen can be detected at day 16 in ewe, between day 17 and 25 in cows. 

HORMONES 

Progesterone assay 

 Most widely used method of pregnancy diagnosis in farm animals. 
 Progesterone can be detected in blood and milk. 
 Its level declines in non-pregnant animals. Samples are collected at 22 to 23 days in 

cows, 17 to 18 days in ewes and 21 days in sows. 
 P4 level at this time is low in non-pregnant animals and elevated in pregnant 

animals. 
 Milk can be used for detecting P4. 
 These methods are accurate but expensive, 
 Require laboratory facilities and results can be known after some days. 
 One step qualitative “cow-side” test kits are available which overcome these 

shortcomings. 
 Elevated levels of progesterone do not necessarily signify pregnancy. 
 In longer than normal oestrous cycle length, progesterone level would be high on the 

day of sampling (22 days) indicating “false positive” result. 
 In early embryonic mortality, false positive result may be obtained. 
 Accuracy of predicting pregnancy with progesterone assay ranges from 70 to 90% 

and the accuracy of detecting nonpregnancy is 100%, because a cow with low 
progesterone is not pregnant. Hence, blood/milk progesterone assay is more reliable 
to diagnose nonpregnancy at a much earlier time. 

Oestrone Sulphate 

 It is the major estrogen produced by the conceptus 
 Can be measured in the maternal blood, milk or urine in all farm animal species 
 Estrone sulphate is detectable in the plasma earlier in sow (day 20), and mare (day 

40), than in sheep and goat (day 40 to 50) and cow (day 72). 
 In pigs, estrone sulphate test has more advantages than other methods. 
 It is more accurate in earlier pregnancy than ultrasonagraphy. 

Gonadotrophins 

 eCG appears in the blood of mares at 40 days of conception, reaches a peak between 
50 and 120 d and then gradually declines and pregnancy can be diagnosed using 
eCG. 

CHAPTER-29: PARTURITION 
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Learning objectives 

At the end of this chapter, the learner will be able to understand the following 

 What is parturition 
 How parturition is initiated by fetus and completed by the mother 
 Stages of parturition 
 Role of hormones in parturition process. 

PARTURITION - AN INTRODUCTION 

 Parturition is a physiological process in which the pregnant uterus delivers fetus and 
placenta. It is climax of great drama of pregnancy. 

Symptoms of approaching parturition 

 If breeding time is known–prediction of exact time of delivery is possible 
o Full-term animals segregate themselves from others 
o Nesting behavior in dog, cat and sow (polytoccus animals) 
o Relaxation of pelvic ligaments – sinking of croup muscles 
o Elevation of tail 
o Vulva edematous and flaccid 
o Udder – enlarged and edematous 

 Heifers – from 4th month 
 Pleuriparous animals – 2-4 weeks before parturition 

o Swollen teats – Secretions may come out through teat orifice 
o In mare 

 Sinking of croup muscles not so profound 
 Waxing of teat (6-48 hrs before parturition) 

o In sheep and goat – Udder development is not so predominant 
o Bitch, so and cat – calm, quite before parturition 
o Anorectic 
o Restlessness 

MECHANISM OF PARTURITION 

 Successful parturition depends on Myometrial contraction and Capacity of cervix to 
dilate 

 Myometrial contraction 
o Progesterone blocks myometrial contraction during gestation 
o As parturition approaches, E2 rises causes contraction and release of PGF2α 

 Dilation of cervix 
o Cervix firm and rigid due to high collagen content 
o It retains fetus in the uterus 
o Under hormonal influence changes in physical characteristics of collagen at 

parturition 
 Initiation of parturition 
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o Parturition is triggered by fetus and completed by complex interaction of 
endocrine, neural and mechanical factors. 

 

STAGES OF PARTURITION 

 Continuous process. 
 For convenience, it is divided in to 3 stages 

First stage 

 Contraction of uterine muscle and dilation of cervix 
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 Uterine peristalsis starts at apex of the horn 
 Uterine contraction forces the fetal membrane and their fluid into the dilated cervix. 
 Rotation of fetus in (mare, bitch) taking place 
 By end of this stage cervix is completely dilated 
 This stage is apparently larger in primiparous than pluriparous 
 Once the portion of fetus enters pelvis, reflex sti 
 muli results in straining. 

Species Duration 

 Cow and Ewe 2-5 hrs 
 Horse 1-4 hrs 
 Sow and Bitch 2 – 12 hrs 

Second Stage 

 Entrance of fetus into the dilated birth canal 
 Rupture of one or both water bags 
 Abdominal contraction 
 Almost in all species, when straining commence it will lie down 
 As the fetal parts touches cervix – Fergusan’s reflex 
 Combination of uterine and abdominal contraction leads to expulsion of fetus 

Species Duration 

 Cow 3-4 hrs. 
 Ewe, goat 0.5 – 2 hrs 
 Mare 5 – 40min 
 Dog 1 hr 

In multiparous animals, the length of second stage is variable depending on the number of 
fetusus. 

Third stage 

 Expulsion of fetal membranes and involution of uterus 

Postpartum events 

 The time from parturition to occurrence of first estrus postpartum is known 
as postpartum interval or puerperal period. 

 In mare and cow this period is 35 to 60 days. 
 During postpartum period, the CL of gestation has regressed, there is no follicular 

growth and ovarian size decreases accompanied with anestrus. 
 Nursing the young one inhibits ovarian function in most species except mares and rats. 

Suckling increases opioid peptides which inhibits gonadotropin secretion 
 The postpartum interval is highly variable and is influenced by species, breed, nutritional 

status of individuals, environmental conditions, age etc 
 In mare, estrus is noticed in about 8 to 12 days postpartum which is called foal heat. 
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 The sow may have a non-ovulatory estrus in 1 to 2 days postpartum (higher estrogen 
level at parturition) but they return to ovulatory estrus in about 5 to 7 days after weaning 

 In cows and ewes at least 4 weeks time is required for uterine involution and repair of 
endometrium following parturition. Hence, conception can occur only after 30 to 40 
days postpartum. 

 In bitch, the postpartum interval is about 5 to 6 months 

ROLE OF HORMONES IN PARTURITION 

 During the last trimester of pregnancy the fetus shows rapid growth which increases the 
demand for nutrients. This stress stimulates the release of fetal hypothalamic CRH and 
adenohypophyseal ACTH which activates the fetal adrenal glands to release cortisol and 
c-19 steroids (important factor in initiating parturition in cow, ewe, doe and sow) while 
the equine does not show significant increase in fetal control . 

o Cortisol and the C-19 steroids diffuse through the placenta and stimulate 
placental aromatization enzyme system, -17 hydroxylase (17-20 lyase which 
controls the conversion of progesterone to estrogen and via androgen. 

 Generally an increase in the estrogon:progesterone ratio stimulates the release of PGs – 
PGE2 and PGF2α. 

 Increased estrogen production is essential 
o Synthesis of contractile proteins of myometrium - important for development of 

forceful uterine contractions. 
o Formation of gap junctions between myometrial cells important for co ordination 

of contraction in association with the delivery process. 
o Stimulate development of oxytocin receptor. 
o Involved in the cervical dilatation. 

PGF2α 

 PGF2 synthesis and release occurs 24 – 36 hours before term. 
o Initiates the regression of the CL resulting in progesterone withdrawal allowing 

the myometrium to become more contractile. 
o Exerts direct effect on the uterine musculature. This is brought about by its 

ability to decrease sacroplasmic binding of calcium ions thus freeing them to 
interact in the contractile process. This initial increase in the contractility of 
uterine muscles is important for the start of first stage of labour. 

o Has indirect effect on the uterine contractility by making the uterine musculature 
more sensitive to oxytocin. 

o Is involved in relaxation of the cervix by dissolving the ground substance that 
binds fibroblasts and fibrocytes together. 

o Also stimulates the release of oxytocin from the posterior pituitary. 

Relaxin 

 Important role in partition by relaxing the cervix. 
 For softening of the tissues that surround the pelvic canal, which in turn allows the fetus 

to have maximal space for its passage through the pelvis. 
 The relaxin and PGs cause the softening of the cervix and the body of the uterus by 

increasing the proportion of collagen in the tissues, they dilate the cervix and relax the 
sacroiliac joints. (ewe and cow) and widen the birth canal. 



www.drvet.in 
 
Induction of Parturition 

 As a managemental tool 
 Exogenous glucocorticoids can be used in – cattle, goat and sheep. 
 PGF2α induce parturition in cattle, goat and pig (CL dependent) 
 Oxytocin can be used only when cervix is dilated. 

 

CHAPTER-30: BUFFALO REPRODUCTION 

Learning objectives 

This chapter explains the following 

 limitations in reproduction of buffaloes 
 approaches to improve reproductive efficiency in buffaloes. 

BREEDING ACTIVITY IN BUFFALOES 

 The breeding and corresponding calving seasons are almost same throughout India - 
the peak breeding season is from September to February and the calving season from 
July to November. During this breeding period, the bulls are very active sexually and 
the quality and quantity of semen is very high particularly during winter (November 
to February). 
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 The buffalo cow show the maximum ovarian activity and largest percentage of them 
conceive during this period. This holds the same for river as well as swamp buffaloes. 
• The endocrine mechanism is responsible for seasonal sex periodicity. During the 
late autumn and early winter seasons average day length and daily temperature is 
associated with the sexual vigour of the animal. 

 High environmental temperature above 23.6 °C interrupts the normal physiological 
functions of the buffaloes. High environmental temperature adversely affects 
spermatogenesis in the buffalo-bulls and ovarian activities in the buffalo cows. 

 The first post-partum heat varies greatly with season, breed and individual. It can 
appear within less than 60 days in some cases and over 230 in others. Average post-
partum estrus in the Murrah breed is around 100 days. The first post-partum estrus 
is not always fertile, especially if it comes very near parturition. 

 At birth buffalo have fewer primordial cells in the ovary than cattle have. 
 Compared to cows, buffalo suffer from higher atresia of follicles – 20000 versus 

100000. 
 Buffalo have a high proportion of silent estrus and short duration estrus. This is one 

of the most important problems in buffalo reproductive efficiency. It is even more 
problematic during the hot and humid months when it is compounded by thermal 
stress. Short and silent estrus is the main reason why heat is often undetected in 
buffalo. 

 A large number of buffalo suffer from post-partum anestrus, a complete absence of 
estrus cycle and no signs of heat. This is one of the most common causes of buffalo 
infertility. 

REASONS FOR POOR REPRODUCTIVE PERFORMANCE 

 Climate affects both production and reproduction in all farm animals. However as 
buffalo are very susceptible to extreme conditions of heat and cold they show a tendency 
towards better performance during the cool months. 

 In India 70 to 80% of buffalo conceive between July and February. In Italy the usual 
calving season is from September to December. In India a lower number of services are 
needed during the July to February breeding season than in the March to June season. 
Buffalo are sexually activated by decreased daylight.  

 Buffalo have poor thermal tolerance on account of an under developed thermo 
regulatory system and are unable to get rid of excess body temperature. If their housing 
is not designed to take care of this special species-specific requirement for adequate 
shade and ventilation, it will affect production and reproduction. 

 Nutrition plays a major role in the reproductive performance of buffalo, as with other 
farm animals. Under feeding, over feeding or unbalanced feeding, as well as deficiencies 
in minerals, vitamins or trace elements will cause reduced fertility in buffalo just as in 
other farm animals. 

 A poor body condition score at calving affects fertility, characterized by prolonged post-
partum intervals, reduced conception rates, and more services per conception. A very 
low protein diet can cause cessation of estrus  

 One of the reasons buffalo suffer from long post-partum anestrus is because their natural 
behaviour of rolling in dirty water pools, and unhygienic shed conditions, cause buffalo 
to suffer from a high incidence of endometritis. 

 The loose broad uterine ligaments and rolling in water cause torsion of uterus cases in 
buffalo. 
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 Buffalo also suffer from uterine prolapse and retention of the afterbirth. All these lead to 
uterine infections, delayed involution of the uterus and endometritis in buffalo resulting 
in the need for repeat breeding. 

APPROACHES FOR IMPROVING REPRODUCTIVE EFFICIENCY 

 Providing the right kind of housing for buffalo to suit their natural behavioural 
requirements is important for their optimum performance. Free stall as well as tied 
systems work well for buffalo. However it is important that the housing provides 
sufficient shelter from both heat and extreme cold. During summer they have to be 
protected from extreme heat while in winter they have to be protected from extreme cold 
as well. 

 Showers or foggers with fans or wallowing tanks should be made available to buffalo 
during the hottest part of the day. Thermal ameliorative measures such as sprinkling and 
cooling are known to increase comfort levels and feed intake in buffalo. 

 Balanced feeding with mineral supplements, plenty of green fodder, and concentrate as 
per each animal‘s specific need, is necessary to bring buffalo into normal reproductive 
cycles. 

 Regular testing of all buffalo and bulls for infectious reproductive diseases like 
brucellosis and regular culling of infected animals are crucial for good reproductive 
health in the herd. Attending cases of difficult birth and retained placenta in time and 
maintaining good hygiene during parturition are also crucial to prevent reproductive 
disorders such as endometritis. 

CHAPTER-31: MALE REPRODUCTIVE SYSTEM 

Learning objectives 

At the end of this chapter the learner will be able to understand the following 

 Introductory aspects of male reproduction 
 Functional anatomy of organs of male reproductive system. 

MALE REPRODUCTIVE SYSTEM - AN INTRODUCTION 

 The male reproductive system includes testes and accessory sex glands. The testes 
produces male gametes – spermatozoa and accessory sex gland secretes seminal plasma 
which act as nourishing and transport media for the spermatozoa 

Prenatal development 

 Although the sex of the embryo is determined at the time of fertilization the sexual 
differentiation doesn’t occur until the early fetal period after the primordial germ cells 
have migrate to the gonadal ridge 

 The testes develop in the abdomen medial to the embryonic kidney (mesonephors) 
 Testosterone from the fetus helps in the descent of testes and development of external 

genitalia penis. It helps in the differentiation of the wolffian ducts to epididymis, seminal 
vesicle and vas deferens. Mullerian inhibiting substance cause regression of mullerian 
ducts and descent of testis 
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MALE REPRODUCTIVE SYSTEM 

 It Consists of 
o Gonads – testes 
o Rete testes 
o Efferent duct 
o Epididymis 
o Vas deference 
o Accessory glands – Ampulla, Prostate, Seminal vesicles and Bulbourethral organ 
o Penis 

TESTES 

 Lie outside the abdominal cavity, enclosed with in the scrotum 
 The position and orientation varies with species. In all domestic animals, it is located 

between thighs. In cats and boar – Caudal to thighs and caudo ventral to ischial arch 
 The testis is held in position with in scrotum by 

o Tunics of scrotal pouch 
o Spermatic cord, composed of 

 Spermatic artery 
 Spermatic vein 
 Internal cremastor muscle 
 Lymph vessels 
 Nerves 
 Vas deference 

 Testes covered by a serous membrane – Tunica vaginalis 
 Beneath tunica vaginalis, a dense thick connective tissue capsule- tunica albugina from 

which septum radiates into testes to form lobules in the testes. These radial extensions 
join at mediastinum testis, a connective tissue cord running through testes. 

 Seminiferous tubules are located with in the lobule 
 Interstitial / Leydig cells lies between seminiferous tubules 
 Sertoli cells are located with in the seminiferous tubule 
 Descent of testes 

o During fetal life testes are intra abdominal 
o Testis originates in the sublumbar region immediately caudal to the kidney. The 

testicles travel a considerable distance from the point of origin to the scrotum, 
presumably under the influence of testosterone 

o In bull and ram, testicles enter scrotum half way through fetal life, in boar during 
last quarter of fetal life and in stallion before or just after birth 

o Descent is complete at birth / soon after birth 
o In birds, elephant, rhino, dolphins, whales it is intra abdominal even in adult life 
o A testis that fails to descend to the scrotum is called a cryptorchid testis and 

animals with such a condition is called a cryptorchid (testicond). In this 
condition (cryptorchidism) spermatogenesis does not occur although the 
endocrine function of the testis is not affected. These animals show more or less 
normal sexual desire but are sterile. 

o In bats, rodents and in some carnivores testes descend into the scrotum during 
the breeding season and return to abdominal position during non-breeding 
season 
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Click here for stages in testicular descent 

 Step 1, 2   
 Step 3, 4 

Functions of testes 

 Leydig cells / interstitial cells – Secrete male hormone 
 In seminiferous tubules, spermatogenic cells divide and differentiate to form 

spermatozoa- called spermatogenesis 
 Sertoli cells 

o Nourish the developing sex cells 
o Testosterone is converted into estrogen under the influence of FSH 
o Participates in spermatogenesis by phagocytosis of residual bodies shed by 

maturing spermatids 
o Transport androgen to spermatogenic cells 
o Also secretes inhibin 
o Secreting mullerian inhibiting factor 
o Secreting androgen binding factor which increase the concentration testosterone 

in seminiferous tubule 
 Daily sperm production per gram of testis 

o Bull - 13 – 19 millions 
o Ram - 24 – 27 millions 
o Boar - 24 – 31 millions 
o Stallion - 23.7 – 32.3 millions 

Scrotum 

 It is a double pouch with a median septum, which contains the testes. 

Functions 

 It encloses the testis 
 It protects the testes from adverse stress conditions. 
 It helps in thermo regulation of testis for optimum spermatogenesis 

Click the following for location of scrotum in different species of domestic animals 

 Bull  
 Stallion   
 Sheep  
 Goat  
 Boar  
 Dog   
 Cat 

Thermoregulation in Scrotum 

 For effective functioning, the mammalian testes must be maintained at a temperature 
lower than that of body. 

http://www.elearnvet.net/moodle/file.php/78/New_animations/Major_Steps_in_the_Descent_of_the_Testes_part1.swf
http://www.elearnvet.net/moodle/file.php/78/New_animations/Major_Steps_in_the_Descent_of_the_Testes_part2.swf
http://www.elearnvet.net/moodle/file.php/78/Anatomy/Bull-Scrotum.jpg
http://www.elearnvet.net/moodle/file.php/78/Anatomy/Horse-Scrotum.jpg
http://www.elearnvet.net/moodle/file.php/78/Anatomy/Scrotum-_Sheep.JPG
http://www.elearnvet.net/moodle/file.php/78/Anatomy/Goat_Scrotum3.JPG
http://www.elearnvet.net/moodle/file.php/78/Anatomy/Scrotu_-_boar.JPG
http://www.elearnvet.net/moodle/file.php/78/Anatomy/Dog_Scrotum.JPG
http://www.elearnvet.net/moodle/file.php/78/Anatomy/Cat_scrotum.JPG
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 The arrangement of testes and scrotum helps in regulating testicular temperature and 
testicular temperature is 4 to 7°C cooler than core body temperature. 

 Thermal receptors in the scrotal skin can elicit responses to lower whole body 
temperature and on stimulation provoke panting and sweating. 

Heat loss 

 Tortuous spermatic artery runs through the pampiniform plexus which is the venous 
network leading out of testes and by counter-current mechanism it aids in heat 
exchange. 

 Sweat glands are present in the scrotal skin. 
 Absence of subcutaneous fat promotes heat transfer. 

Conservation of heat 

 Tunica dartos – contains smooth muscle - Dartos muscle on contraction produces 
wrinkling of scrotal skin reducing the surface area of heat transfer. 

 Cremaster muscle – skeletal muscle present in the spermatic cord, elevates the testes 
nearer to the abdominal wall on exposure to cold and relaxes during heat drawing the 
scrotum away from the body. 

 Hair on the scrotum. 
 Ram - thermal infertility can be caused by excessive wool around the scrotum. 

Click here to view animation showing thermoregulation in testis 

RETE TESTES AND EPIDIDYMIS 

 Convoluted seminiferous tubules joins with straight tubules called Rete testes 
 Rete testes come out of testes and joins with efferent duct which converge to form 

epididymis 

Epididymis 

 It is closely apposed to surface of testes 
 It is composed of three parts caput ( head) , corpus ( body) and cauda ( tail) 

o Caput epididymis – Flattened at proximal part of testes 
o Corpus epididymis – Narrowed portion 
o Cauda epididymis – It terminate at distal part of testes 

 Caput, Corpus and Cauda portions of epididymis– Less clarify differentiated in stallion 
 Motile ability of of spermatozoa is acquired in epididymis during transit 
 Transport of spermatozoa is about 9 – 13 days 

Functions 

 Transportation of spermatozoa 
 Storage of spermatozoa 
 Maturation of spermatozoa 
 Absorption of fluid in the caput epididymis 

http://www.elearnvet.net/moodle/mod/resource/view.php?id=20884
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VAS DEFERENS AND PENIS 

 It extends from cauda epididymis to colliculus seminalis 
 It is thick walled and narrow lumen 

Ampulla 

 Terminal portion of vas deferens, is enlarged and glandular called ampulla 
 It contributes fluid to semen 
 Absent in dog and cat. Very small in boar. 
 Well developed in stallion 
 Contribute ergothione to ejaculate 

Seminal vesicles (Vesicular glands) 

 Paired gland 
 Located lateral to terminal part of vas deference 
 Duct of vesicular gland and ductus deference share a common ejaculating duct that 

opens into urethra 
 Absent in dog and cat 
 The secretary of seminal vesicle contents fructose, PGE, ascorbic acid sorbitol and 

ergothione. 

Prostate gland 

 Unpaired 
 More or less completely surround the pelvic urethra 
 Its secretion give characteristic odor to semen 
 Its fluid by its alkaline nature, neutralize the acidity of vaginal secretion 
 It adds its secretion to semen at the time of ejaculation 

Cowper’s gland (Bulbourethral glands) 

 Paired gland 
 It is located on either side of pelvic urethra, caudal gland to other glands 
 Absent in dogs 
 In boar, its secretion is white and viscous that forms gel in the ejaculation 

The secretion of accessory glands are mixed with fluid suspension of spermatozoa at the time of 
ejaculation 

Penis 

 Copulatory organ 
 Terminal portion in gland, this lies free in sheath 

UNIQUE FEATURES OF REPRODUCTIVE ORGANS OF MALE 
ANIMALS 
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 In ram, the penis is characterized by a filiform appendage containing urethra 
 In pigs, accessory glands are larger in size which contribute remarkable large volume 

of semen 
 In penis of stallion, the urethra is protrudes few centimeters from the surface of 

glans penis 
 Penis of bull, ram and boar contains sigmoid flexure that is straightened during 

erection and extension of penis 
 In dogs, remarkable feature is os penis, locking of penis during coitus 
 In dogs except prostate and ampulla, all other accessory glands are absent 
 the presence of spines in the penis of cat 

Androgens 

 Chief site of production -Leydig cells 
 Includes – Testosterone, Dihydrotestosterone, Androstenedione 
 Also produced by – Adenal cortex, ovary, placenta 
 In horse – seminiferous tubules and epididymis also produce testosterone 
 97-99% of testosterone is bound with carrier protein and remaining is free to enter 

the cell 
 In the target tissue, testosterone is converted into dihytrotestosterone in cytoplasm 

which is biologically active 

Functions 

 Development of fetal testicles and descent of testes before birth 
 Spermatogenesis and prolong the life span of epididymal spermatozoa 
 growth and development, and secretary activity of accessory glands 
 maintenance of secondary sex characters 

o Muscle mass 
o Male voice 
o Hair growth 
o Thickness of skin 
o Increase bone growth 
o Aggressiveness 

 Sexual behavior and libido 
 protein anabolic activity by nitrogen retention 
 Exert negative feed back influence on hypothalamus and anterior pituitary 

Application 

 Synthetic androgen - testosterone propionate is administered to cows that are used 
as teaser animals for detection of heat 

 Used by athletes to increase muscle mass and to give a since of well being Bioassay 
for androgen – Chick comb bioassay 

 Androgen applied over comb of young male chicken daily for 4 days – comb become 
larger than non treated birds 

CHAPTER-32: SPERMATOGENESIS AND ITS HORMONAL 
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CONTROL 

Learning objectives 

At the end of this chapter the learner will be able to understand the following 

 How spermatogonial cells develop into mature spermatozoa 
 Spermatogenic cycle 
 Transport of sperm in male reproductive tract 
 Endocrine control of spermatogenesis. 

SPERMATOGENESIS AND ITS HORMONAL CONTROL 

Introduction 

 Spermatogenesis is defined as process by which the spermatogonia undergo a series of 
cell divisions followed by a metamorphosis resulting in the production of highly 
differentiated and potentially motile cells called spermatozoa. 

 The process begins at the wall the seminiferous tubule which is lined with the 
spermatogonia and ends with the release of mature spermatogoa in the lumen of the 
seminiferous tubule. 

 Spermatogenesis is commenced at puberty. It continues throughout the life or until 
infertility sets, during which atrophy of tubules occur and only few are capable of 
producing sperm. 

 In wild species, breeding occur only at certain seasons. In such animals, testes regress 
completely during non breeding season. In seasonal breeding farm animals it is not 
clearly defined. 

 Spermatozoa while passing through the epididymis become actively motile when 
exposed to the materials secreted by the ampulla, vesicular glands, bulbo-urethral glands 
and prostate gland 

 The seminiferous epithelium lining the seminiferous tubule is composed of two basic cell 
types 

o The developing germ cells – gives rise to sperm cell 
o Sertoli cells - provides nourishment to sperm cell 

 Spermatogenesis takes place in two phases: spermatocytogenesis and spermiogenesis 
 The stem cells called the spermatogonia divide several times by mitosis and then 

undergoes meiosis thereby reducing the DNA content of the cells to one half that of 
somatic cells 

 The haploid cells resulting from this process are called the spermatids. The spermatids 
undergo a progressive series of structural and developmental changes - the metamorphic 
changes - to form spermatozoa. The developing germinal cells are closely associated with 
much larger sertoli cells that surround them during development. 

SPERMATOCYTOGENESIS 

 Spermatogenesis is initiated when the spermatogonia undergo mitosis. One 
spermatogonium formed by the initial mitotic division does not divide and differentiate 
further but remains in basal state of differentiation in essence it replaces the parental 
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cells. The other spermatogonium undergoes mitosis. The basic function of the mitosis to 
ensure the production of large number of germ cells. 

 During early embryonic development 

 

 Each primary spermatocyte that result from series of mitotic division, undergoes a 
meiotic division forming two secondary spermatocytes. With this division the 
chromosome complement in the nucleus is reduced by half so that nuclei in secondary 
spermatocytes contain unpaired ( n ) chromosomes. This is essential to allow the union 
of haploid spermatozoa and oocytes to form new individuals. This step requires 
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approximately 15 days in the ram. Within a few hours after their formation each 
secondary spermatocyte will again meiotically divide forming two spermatids 

 16 primary spermatocytes could be produced from one A3 spermatogonium. By two 
meiotic divisions, 64 spermatids can be potentially produced. Total number of mature 
spermatozoa produced is almost always less than the theoretical number since, certain 
percentage of potential sperm is lost by degeneration during the course of 
spermatogenesis. 

 Following a resting state of several weeks, the dormant (A1) spermatogonia start another 
cycle. Even though A0 spermatogonia (reserve stem cells) can occasionally divide forming 
new A0 and A1 spermatogonia, formation of dormant spermatogonia (A1) from 
A2 spermatogonia is the key to maintaining the continuity of spermatogenesis and 
thereby not diminishing the supply of potential gametes within the testes 

 The entire divisional process of spermatocytogenesis from spermatogonia to spermatid 
takes approximately 45 days in the bull. 

 

SPERMIOGENESIS 

 Transformation of round, non motile spermatids into potentially spermatozoa by a series 
of progressive morphologic changes is called as spermiogenesis. These changes include 

o Development of an organelle, the acrosome that allows penetration of the oocyte 
o Development of mitochondria to furnish energy during movement in the female 

tract 
o Formation of a tail to aid movement within the female reproductive tract 

 A considerable amount of the cytoplasm is extruded from the cell during 
spermatogenesis. Remnants of the cytoplasm are sometimes observed attached to the 
spermatozoa and are referred to as cytoplasm droplets. 

 The presence of cytoplasmic bridges that have held developing clones of spermatozoa 
together during development disappear at the end of spermiogenesis. 

 Spermiogenesis starts in the seminiferous tubules and completes in the epididymis. 
Spermiogenesis occurs within the cytoplasm of Sertoli cells and then released into the 
tubular lumen 

 The various stages of development of spermatid transformation of are divided into 4 
phases 

Golgi phase 

 Formation of proacrosomal granules within the golgi apparatus 
 Coalescence of the granules into a single acrosomal granule 
 The adherence of the resultant acrosomal granule to the nuclear envelope 
 The early stages of tail development at the pole opposite that of the adherence of the 

acrosomal granules 
 The proximal centriole migrates closer to the nucleus, where it is thought to form a basis 

for attachment of the tail to the head. 

Cap phase 

 Spreading of the adherent acrosomal granule over the surface of the spermatid nucleus. 
This process continues nearly two third of the anterior portion of the each spermatid is 



www.drvet.in 
 

covered by a thin double layered membranous sac that closely ache adheres to the 
nuclear envelop. 

 The developing axonemal (central core of tail 9+2) components of the tail which are 
formed from the elements of distal centriole elongated well beyond the periphery of the 
cytoplasm 

Acrosomal phase 

 The acrosomal phase of spermiogenesis is characterized by the major changes in the 
nuclei, the acrosome and the tail of developing spermatids 

 The developmental changes are facilitated by rotation of each spermatid so that the 
acrosome is directed towards the basement or the outer wall of the seminiferous tubule 
and the tail towards the lumen. 

 The nuclear changes include condensation of the chromatin into dense granules and 
reshaping of the spheroid nucleus into an elongated flattened structure. 

 The acrosomes which is closely adherent to the nucleus, also condenses and elongates to 
correspond to the shape of the nucleus. These modification in nuclear and acrosomal 
shape appear to be molded by the surrounding sertoli cells 

 The cytoplasm is displaced to the caudal aspect of the nucleus where it surrounds the 
proximal portion of the developing tail within this cytoplasm, microtubules associate to 
form a temporary cylindrical sheath. 

 The annulus (ring like structure) first forms near the proximal centriole and then during 
subsequent development migrates posterior along the tail. 

 The mitochondria which were previously distributed throughout the cytoplasm of the 
spermatid begin to concentration close to the axoneme where they form the sheath that 
characterizes the middle piece of the tail. 

Maturation phase 

 It involves the final transformation of the elongated spermatids into the cells to be 
released in the lumen of the seminiferous tubules 

 Sperm head (nucleus and acrosome) becomes its elongated shape characteristic of each 
species 

 Chromatin condensation reaches the final stage 
 A fibrous sheath and underlying nine coarse fibres are formed around the axoneme the 

fibrous sheath covers the axoneme from the neck to the beginning of end piece. 
 The annulus migrates distally from its position adjacent to the nucleus along the tail to a 

point where it will subsequently separate the middle piece from the principle piece of the 
tail 

 The mitochondrion become tightly packed into a continuous sheath extending from the 
neck to the annulus. 

 The remaining cytoplasm forms a residual body and the sperm is ready for release. 

Click here for structure of sperm 

SPERMATOGENIC CYCLE, SPERMATOGENIC WAVE AND 
SPERMIATION 

http://www.elearnvet.net/moodle/file.php/78/Structure_of_sperm.swf
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 If a cross section of a seminiferous epithelium is viewed, the developing cells exhibit very 
definite cell associations among them i.e. each of the sperm-forming developing cell type 
transform to next stage in synchrony with its nearby cell type. 

 If a single cross section of seminiferous tubule is viewed continuously, series of cell 
associations would be seen until the original cell association reappeared. This cycle of 
developing cells is known as spermatogenic cycle or cycle of seminiferous epithelium 

 Each spermatogonium that replaces the parental cell begins to divide at a time interval 
that is characteristic of each species 

 The spermatogenic cycle for 
o Pig – 8 days 
o Sheep – 10 days 
o Cattle – 14 days 
o Human – 16 days 

 The spermatogenesis is approximately 4 times the duration of the spermatogenic cycle 

Spermatogenic wave 

 The stages of the spermatogenic cycle change not only with time, but also along the 
length of the tubular loop. A portion of tubule at one stage is usually adjacent to portions 
of tubule in stages just preceding or following it in time. This sequential change in stage 
of cycle along the length of the tubule is known as the wave of spermatogenesis 

Spermiation 

 The release of formed germ cells into the lumen of the seminiferous tubules is known as 
spermiation. The elongated spermatids, which are oriented perpendicularly to the 
tubular wall are gradually extruded into the lumen of the tubule. 

SERTOLI CELLS AND LEYDIG CELL 

Sertoli cells 

 The other major cell type within the seminiferous tubules is the sertoli cell. 
 These cells have prominent nucleoli are basically situated within the tubule 

o These cells have long processes that surrounded the spermatocytes and 
spermatids and provide an intimate interaction with germ cells through out their 
development 

o Sertoli cells are important for controlling the development of germ cells with 
respect to both nutritive and regulatory function 

o Sertoli cells are the main source of fluid that is secreted into the lumen of the 
tubule. 

o The principle permeability barrier between the blood and testis is the complexes 
at the junctions between the adjacent sertoli cells 

o Sertoli cells phagocytise the residual bodies remaining from the degenerating 
sperm cells 

 Hormonal function of sertoli cells 
o The secretary activity of the sertoli cells is controlled by FSH 
o The receptor of FSH is on sertoli cells membrane and the receptor for 

testosterone are on the cytoplasm and nucleus 
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o The sertoli cells convert testosterone to dihydrotestosterone an androgen of 
greater biological potency than testosterone 

o In some species the sertoli cells converts testosterone produced by the leydig cells 
into estrogen which may have a regularity effect on the production of testosterone 
by the leydig cells 

o The sertoli cells synthesis a protein- Androgen-binding protein (ABP) which 
binds androgens which acts as a means of stabilizing the concentration of 
androgens in the seminiferious tubules for use in both spermatogenesis and 
sertoli cell function 

 Sertoli cells also produce inhibin, a protein that suppresses FSH secretion at the level of 
pituitary gland 

 It also secretes mullerian inhibiting factors which inhibits the formation of the falloplan 
tube, thus helps in the development of testes in the fetus 

Leydig cell 

 The main function of the leydig cell is the production of testosterone which is important 
for the development and maintenance of spermatogenesis and male characteristics. 

 Leydig cell production of testosterone is controlled by LH (ICSH). LH has a tropic effect 
on the Leydig cells – stimulating them to undergo hypertrophy. 

 Testosterone moves into seminiferous tubules by either simple or facilitated diffusion. 
High intratesticular concentration of testosterone are required for spermatogenesis and 
especially for meiosis. 

 FSH is important for the completion of meiosis of germ cells, through its influence on 
the sertoli cell activity. 

 Prolactin is needed for LH binding to receptor on Leydig cells 
 GH is needed for early divisions of spermatogonic and is necessary for controlling the 

metabolic functions of the testicles. 
 Testosterone – Masculine characters, secretary activity of sex glands, sex characters. 

Leydig cells also produce c-16 unsaturated androgens – Excreted in saliva – pheromones 
– in urine- undesirable flavour of boar meat, boar taint. 

SPERM TRANSPORT IN MALE DUCT SYSTEM 

 Testicular spermatozoa are transported from the testis through a high convoluted duct 
known as the Epididymis. 

 The Epididymis mainly serves three processes 

Transport 

 The passage of spermatozoa is aided by the localized contractions of the duct smooth 
wall at a frequency of 3 / min 

 The spermatozoa transport through the epididymis requires about – 7 days in the bull 
and 16 days in the ram 

 The transit time may be reduced by 10 -20% by an increased frequency of ejaculation. 

Maturation 

 During the transit in the epididymis, the spermatozoa undergo a maturation process in 
which they gain the potential ability to fertilize ova. 
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 The functional changes occurring during the epididymal transit of spermatozoa. 
o Presence of forward motility protein 
o Maturation of acrosome 
o Low metabolic activity of sperms 
o Distal migration and loss of protoplasmic droplet 
o Attainment of motility 
o Storage 

 The head of the epididymis absorbs considerable amounts of fluid that originates in the 
seminiferous tubules. This absorption results in the high concentration of spermatozoa 
in the tail of the epididymis. The tail of the epididymis contains 70% of the total number 
of spermatozoa in the recurrent ducts whereas the vas deference contains only 2% 

 The spermatozoa contained with in the epididymal duct from head to the tail are termed 
the extragondal reserves even though only those in the distal section of the tail can be 
ejaculated. 

 Disposal of unejaculated spermatozoa one gradually eliminated by excretion into the 
urine. Those that are not eliminated undergo gradual disintegration. 

ENDOCRINE CONTROL OF SPERMATOGENESIS 

 Leydig and Sertoli cells are the endocrine cells of the testis 

GnRH 

 Episodic release from hypothalamus 
 Regulates episodic release of LH from anterior pituitary 
 FSH and LH are stimulated by GnRH 

Gonadotropins 

 LH and FSH are released from the anterior pituitary 
 LH 

o Stimulate Leydig cells 
o Stimulate testosterone production 
o Required continuously for spermatogenesis 

 FSH 
o Stimulates Sertoli cells 
o Stimulates production of Androgen Binding Protein Modulates androgen 

function 
o Also stimulates secretion of oestrogen and inhibin 
o FSH is required for initiation of spermatogenesis 

Androgens 

 Secreted from the interstitial cells (Leydig cells) of testis 
o Includes testosterone, dihydrotestosterone and androstenedione Testosterone is 

more abundant than the other two 
o Adrenal cortex, ovaries, placenta secrete very less quantity of androgen 
o Lack of testosterone causes low sex drive (or) lack of libido 

 Testosterone 
o Maintains spermatogenesis - Supports meiosis 
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o Causes differentiation of fetal male reproductive tract and testicular descend 
o Developing and maintaining libido (sex drive) d. Maintains secretory activity of 

the accessory glands 
o Develops and maintains secondary male sexual characteristics Heavier bones; 

Greater muscling; thicker skin; deeper voice, aggressiveness (especially bull) 
o Anabolic hormone – positive nitrogen balance, Stimulates erythropoesis, 

increases BMR Stimulates pheromone secretion (cat, boar and many animals) 
 Dihydroxytestosterone (DHT) 

o Testosterone is converted to DHT in androgen sensitive cells 
o DHT is the actual steroid that binds to the androgen receptor to elicit and action 

 C-16 unsaturated androgens - 5α-androstenone 
o Produced from Leydig cells 
o Primarily in the boar 
o Acts as a pheromone in saliva and urine 
o Responsible for boar taint 

Negative feedback mechanisms 

 Androgens 
o Feedback on hypothalamus and pituitary to decrease FSH, LH production 
o In seasonal breeders (ewe) photoperiod affects testosterone production due to 

variation in GnRH and LH release 
 Inhibin 

o Produced by Sertoli cells in response to FSH stimulation 
o Protein hormone c. Feedback on pituitary to decrease FSH only 

 Activin 
o Antagonistic to inhibin 
o Produced by Sertoli cells 
o Positive feedback effect on pituitary FSH production 

 ABP from Sertoli cells helps to maintain a high concentration of testosterone within the 
seminiferous tubules and also facilitates androgen transport into epididymis where the 
androgens influence sperm transit and maturation. 

 Prolactin enhances LH in maintaining testosterone production. 
 Growth hormone specifically promotes early divisions of spermatogonia and is necessary 

for controlling metabolic functions of the testicles. 
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FUNCTIONS OF TESTOSTERONE 

 The peripheral functions of testosterone include the development and maintenance of 
o Libido 
o Secretary activity of accessory organs 
o General body features 

Libido 

 Testosterone is essential for libido and castration is usually effective in eliminating the 
male sex drive. 

 Castration usually refers to the removal of the testis to make the animal more docile. 
 Vasectomy refers to the removal of a section of each of the vas deference to prevent the 

passage of spermatozoa from the epididymis 

Secretary activity of accessory organs 

 Testosterone is important for the development and maintenance of secretory epithelium 
of the accessory sex organs. The route of transfer from the leydig cell is via the general 
circulation and not via the seminiferous tubule as occurs for the maintenance of the 
epididymis. 

General body features 
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 Testosterone is also important for the development of various general bodies 
characteristic 

o Myotropic or anabatic effect that involves an increase in the muscle mass through 
the retention of nitrogen (thickening of muscles of vocal cords of the larynx which 
decrease. The pitch of the male voice. 

o Promotes hair growth patterns 
o Calcification of antlers in seasonal breeders that shed horns on a yearly basis 
o Testosterone affects the feather pigmentation and growth in poultry 
o Increased of size, bone growth, BMR 

Behavioral changes 

 Urinary pattern of male dogs which involve the raising of a hind limb during urination 
 Aggressiveness that may be more of a characteristics of the male than of female 
 The marking of a territory by substance known as pheromones which can be produced by 

the kidney under the influence of testosterone. 

CHAPTER-33: MAMMARY GLAND 

Learning objectives 

 This chapter explains about functional anatomy of mammary gland. 

MAMMARY GLAND - AN INTRODUCTION 

 Mammary glands produce milk which serves to nourish the young mammal from birth to 
weaning. During the first few days after parturition, the secretion from mammary glands 
is termed colostrum. This transmits passive immunity from the mother to her offspring 
via immunoglobulins. These immunoglobulins are secreted in the colostrum and during 
the first few hours after birth, they can be absorbed through the gut wall. Colostrum is 
also a natural laxative and aids in the passing of the meconium (a bolus formed in the 
fetal gut by the sloughing off of epithelial cells). 

MAMMARY GLAND 

 Position and number of mammary glands vary with species. 
 Number of glands (and therefore individual teats) varies with the number of young 

reared. 
 The mammary gland and teat of domestic animals is collectively called udder. 
 Location of mammary gland is described as inguinal, abdominal or thoracic. 

o Goat, ewe, mare have 2 glands and 2 teats - 1 teat opening or streak canal / gland 
(mare-2 opening / teat). 

o Cow – 4 glands and 4 teats 
o Sow - 12 to 14 teats (usually) which are small, long and cylindrical /2 inguinal 

pairs, 3 abdominal pairs, 2 thoracic pairs (thoracic are most productive) - 2 (or 3) 
teat openings. 

o Cat-8 teats (usually)/1 inguinal pair, 1 abdominal, 2 thoracic pairs (abdominal are 
most productive)-3 teat openings on tip of teat. Additional sinus opens on the 
side of the teat. 
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o Bitch-10 teats (usually)/1 inguinal pair, 2 abdominal pairs, 2 thoracic pairs 
(abdominal are most productive)-similar to cat. About 12 teat openings situated 
on tip of teat. 

 The mammary glands of cattle, sheep, goat, horse and whales are located in the inguinal 
region 

 Those of primates and elephants in the thoracic region 
 Those of pigs, rodents and carnivores along the ventral surface of both the thorax and 

abdomen 
 · The mammary glands are greatly modified and enlarged sweat glands. 
 In the inactive mammary gland, the interstitial spaces between lobes and ducts are filled 

mainly with fat. There are a few alveoli present compared to those in the lactating gland 
and the ducts and lobes of the gland are smaller than when the gland is in its active 
phase. 

 During early pregnancy, the epithelial cells of the glandular tissue proliferate rapidly to 
form the buds which eventually enlarge to form the alveoli. 

 As pregnancy develops, the fat and connective tissue between lobes and ducts are 
replaced by secretory tissue. 

 The mammary gland's milk-secreting structures are alveoli which empty directly into the 
larger ducts and also directly into the gland cistern and the teat cistern. 

 A circular muscle around the streak canal functions as a sphincter which helps to retain 
milk in the gland cistern. 

 At the junction of the streak canal and the teat cistern, the rosette of Furstenberg is 
present, which is a double layered epithelial lining that helps to retain milk in the teat. 

 A group of alveoli surrounded by a connective tissue septum forms a distinct unit 
called lobule. 

 A group of lobules surrounded by a large amount of connective tissue form a lobe. 
 The lobule empty into small ducts called the intralobular duct within the lobule. It 

drains into a central collecting space from which the interlobular duct emerges. 
 Within the lobe, the interlobular ducts unite to form a single intralobar duct. The 

interlobar duct may enter into the gland cistern directly or it may join with one or more 
other interlobar ducts before entering into the gland cistern. 

 More amount of milk is stored in ducts than in cistern. 
 Contractile myoepithelial cells also called as basket cells which resemble the smooth 

muscle fibres surround the alveoli and ducts. 
 On contraction of these cells the milk is letdown from the alveoli and ducts. 
 Approximately 11% of mammary development occurs before pregnancy, 41% during 

pregnancy and the reminder takes place during early lactation. 

Surface anatomy of the bovine udder 

 The appearance of the udder varies depending on maturity and functional status. 
 In dairy cows udder is very large and can weigh up to 60 kg. 
 The udder is divided into two halves, each half having two quarters, thus four quarters 

correspond to the four glands - each gland bearing a principle teat. 
 A median intermammary groove marks the division of the udder into right and left 

halves. 
 The division between fore and hind quarters is less distinct 
 The structures supporting the udder are: 

o Skin - mobile, flexible and covered in fine hairs. Skin does not provide any 
mechanical support to udder. 
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o Suspensory apparatus - The right and left halves of the udder are separated by 
median suspensory ligament containing elastic tissue. Lateral suspensory 
ligaments composed of non elastic fibrous strands give rise to numerous lamellae 
that penetrate into the gland and continue with interstitial tissue. 

o Right and left medial laminae are separated by a layer of loose areolar connective 
tissue allowing easy surgical division of one side of the udder from another. 

Blood supply to udder 

 Caudal aorta gives off right and left common iliac arteries that branch to external iliac 
and pudic arteries, the latter gives rise to cranial and caudal mammary arteries to supply 
the cranial and caudal parts of the udder respectively 

 The major drainage route from the udder follows the same course as arteries – from 
mammary veins to external pudic to external iliac veins that join the caudal vena cava. 

 Another potential drainage route from udder is through subcutaneous abdominal 
veins to cranial venacava. In lactating animals, a large quantity of blood is drained via 
this route 

 In dairy cow the ratio of volume of blood flow through mammary gland to volume of 
milk produced is about 670:1 

Nerve supply 

 The udder is supplied with both sensory and motor nerves. The sensory nerves are 
important for the milk ejection reflex (does not require efferent nerve). 

 The motor nerves to udder have both sympathetic and parasympathetic innervations. 
These nerves do not influence the rate of milk secretion or milk composition 

CHAPTER-34: LACTATION 

Learning objectives 

At the end of this chapter the learner will be able to understand the following 

 Initiation and maintenance of lactation 
 Hormonal control of mammary gland development 
 Milk let-down reflex 
 Factors affecting lactation. 

LACTATION - INTRODUCTION 

 Lactation refers to the combined process of milk secretion and removal. 
o Mammogenesis is development of mammary gland. 
o Lactogenesis is initiation of milk secretion. 
o Galactopoiesis is maintenance of milk secretion. 

MAMMOGENESIS 
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 At about 35 days age of embryo in bovines, a mammary line forms from the stratum 
germinativum parallel to ventral midline on either side of the ventral line. 

 At birth, the udder has teat and gland cisterns but ducts are developed to a limited 
extent. Most of the udder structure is formed of adipose and connective tissues. 

 From birth to puberty, the mammary growth rate is similar to the whole body growth 
rate (isometric growth); increase in size at this time is due to connective tissue and fat. 

 At the time of puberty, mammary parenchyma begins to grow at a much faster rate than 
whole body growth (allometric growth). This allometric growth again occurs after 
conception up to early parturition. 

 During each oestrous cycle, the mammary gland is stimulated by oestrogen from ovary 
and GH and PRL from adenohypophysis; the mammary growth by oestrogen involves 
ductular development. 

 Most of the mammary growth occurs during pregnancy and this growth occurs in an 
exponential manner. Alveolar secretory cells increase in number with extensive ductular 
development; alveoli are formed. Estrogen with GH and adrenal steroids are responsible 
for proliferation of duct system and progesterone along with PRL is responsible for the 
development of alveoli. About 10% (cow) to 50% (rats) growth of mammary gland occur 
during early lactation involving alveolar cell proliferation. 

 The ratio of progesterone to estrogen as well as the absolute amounts of each is 
important for complete development of the mammary gland. 

 Cessation of suckling or milking brings about mammary involution with decrease in 
number of epithelial cells and secretory activity. Myoepithelial cells remain. Adipose cells 
increase. If the dry period occurs at later stages of pregnancy the decrease in secretory 
epithelial cells is reduced. Too short a dry period (<6 weeks) reduce the increase in 
mammary cells that occur during subsequent lactation. 

HORMONAL CONTROL OF MAMMARY GLAND DEVELOPMENT 

 FSH and LH, the hormones of adenohypophysis control the ovarian hormones, 
oestrogen and progesterone, and their mammogenic effects in the mammary gland. 

 Placental lactogen also functions as mammotrophic hormone. 
 The adenohypophysis influences the mammary gland directly with prolactin and STH 

and indirectly by its control of the hormones of the thyroid and adrenal cortex. 

Hormones involved in mammary gland growth and functions 

Endocrine 
organ 

Hormone Function related to mammary gland 

Anterior 
pituitary 

FSH Oestrogen secretion from ovarian follicles 

 Prolactin Mammary growth; initiation and 
maintenance of lactation 

 GH Stimulates milk production 

Posterior 
pituitary 

Oxytocin Milk ejection 
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Thyroid gland T3, T4 Stimulates O2 consumption, protein 
synthesis and milk yield 

 Calcitonin Calcium and phosphorus metabolism 

Adrenal cortex Glucocorticoids Initiation and maintenance of lactation 

Adrenal medulla Epinephrine, 
norepinephrine 

Inhibition of milk ejection 

Ovary Estradiol Mammary duct growth 

Progesterone Mammary alveolar –lobule growth, 
inhibition of lactogenesis 

Placenta Estradiol Mammary duct growth 

Progesterone Mammary alveolar –lobule growth, 
inhibition of lactogenesis 

Placental lactogen Mammary growth 

LACTOGENESIS AND GALACTOPOIESIS 

Lactogenesis 

 It is the process of differentiation in which the mammary alveolar cells acquire the ability 
to secrete milk. 

 Lactogenesis includes two stages: 
 Stage I occurs before parturition in which alveolar cells differentiate and acquire a 

limited capacity for milk secretion 
 Stage II begins shortly before parturition and continues for several days postpartum in 

which the alveolar cells are able to secrete copious amount of milk components. 
 Many hormones are required for lactogenesis: 
 Progesterone of pregnancy blocks lactogenesis. Its secretion starts to decline during late 

pregnancy and mammary gland becomes responsive to the lactogenic hormones – 
insulin, glucocorticoids and prolactin. 

 Mammary alveolar differentiation is stimulated by these lactogenic hormones and 
secrtory apparatus develop in alveolar cells 

 The lactogenic hormone insulin stimulate gene expression in alveolar cells and thus 
required for protein synthesis and induces sensitivity to other hormones 

 Glucocorticoids induce differentiation in alveolar cells for casein synthesis 
 Prolactin stimulates transcription of genes for milk proteins 
 Progesterone inhibits prolactin receptor synthesis and prolactin stimulation of milk 

protein synthesis. It also inhibits the PRL effect on α-lactalbumin (an enzyme 
component of lactose synthase) synthesis. 

 Prepartum milking can initiate lactation – neural impulse to hypothalamus initiate PRL 
and ACTH secretion leading to mammary cell secretion. 

Galactopoiesis 

 It is the maintenance of lactation. 
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 It involves maintaining the alveolar cell numbers and function 
 After parturition, milk yield increases in cows, which reaches a maximum in 2 to 8 weeks 

and then gradually declines, which is due to decline in the number of secretory cells. 
 If milk is not removed frequently from the mammary gland, synthesis of milk will not 

persist even with adequate hormonal levels. 
 Maintenance of lactation requires GH, ACTH (glucocorticoids), insulin, thyroid 

hormones, prolactin and PTH. 
 The thyroid hormones influence the milk synthesis and duration of secretion; 
 Insulin is required for glucose uptake in the mammary gland; 
 ACTH maintains mammary cell numbers and alveolar cell metabolic activity. 
 Suckling stimulates the prolactin secretion at a high level along with the other 

galactopoietic hormones from the adenohypophysis. PRL has an important role in milk 
secretion; it is released during suckling or milking and peak values are reached 30 min 
after initial stimulus. 

INDUCTION OF LACTATION 

 Lactation can be artificially induced in dairy cattle by the use of variety of hormones 
when the mammary gland contain sufficient numbers of alveolar cells. 

 Subcutaneous injection of a total daily dose of 0.1-mg/kg body weight of oestradiol-17 
and 0.25mg/kg body weight of progesterone dissolved in 100% ethanol in divided dose 
at 12 hours interval for 7 days will initiate lactation in about 60 to 70% of heifers and 
cows. The percentage of success rate increases to 100% if 5mg of reserpine (a 
tranquilizer) is administered on day 8, 10, 12 and 14 to increase the prolactin level in 
these animals. Lactation starts between days 14 and 21 after initial injections of 
estradiol-17 and progesterone. 

 ACTH or glucocorticoids in large doses inhibit lactation in ruminants and rats 
 GH produces a dose-dependent increase in milk yield in dairy cows. The increase in milk 

yield by GH is produced by nutrient partitioning from body tissue requirements to milk 
synthesis. Recombinant bovine GH (bST) has been employed to increase milk yield in 
lactating animals. Injection of GH three times a week stimulates short term increase 13 
to 18% in the milk production and 15% feed efficiency, whereas reduces the feed intake 
by 29% in high producing cows. 

 Injection of low dose of synthetic glucocorticoids stimulates milk yield by 14 to 18%. 
 Iodocaesin and L-thyroxine have been used to induce milk production. Iodinated casein‚ 

(0.5 percent crystalline thyroxine) has been fed to dairy cattle at a rate of 1 to 1.5 g per 
45kg of body weight daily, resulting in an increase in milk production of 10 to 30 per 
cent. 

 Extra feed must be provided to prevent weight loss and milk production declines 
abruptly following withdrawal of thyroproteins. Thyroproteins increase the need for 
more nutrients, reduces body weight and interferes with the ability to withstand thermal 
stress. 

 Thyroprotein fed to dairy cows at the peak of lactation stimulates milk production by 
about 10%, whereas during declining phase of lactation it stimulates the milk production 
by 15 to 20%. Usually a greater increase in milk production occurs in high producing 
cows and older cows. The maximal increase usually occurs during the first 60 days of 
thyroprotein feeding. However, beneficial effects disappear within 2 to 4 months. 

MILK EJECTION (MILK LET-DOWN) 
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 Milk ejection or milk let down can be achieved by the contraction of the myoepithelial 
cells when stimulated by oxytocin. 

 Removal of milk is a neuroendocrine reflex. 
 This process involves activation of neural receptors in the skin of the teat. 
 Mechanical stimulation of teats like milking or suckling the teats by the young initiates 

the neural reflex which travels from the teats to spinal cord to hypothalamus to posterior 
pituitary, where oxytocin is released into the blood. Oxytocin reach the myoepithelial 
cells of the mammary alveoli and contract them expelling millk from the alveoli 

 The milk ejection reflex can also be conditioned to stimuli associated with milking 
routines such as feeding, sight of calf and washing the udder 

 The milk ejection reflex is inhibited by emotional states like loud noise, pain, excess 
muscular activity and stress which stimulates the sympathetic nervous system and 
causes the release of epinephrine which blocks the reflex. 

Clic 

FACTORS AFFECTING LACTATION 

 Among the essential nutrients of growth and lactation, energy is the most limiting 
factor because it is necessary for metabolism of all the other nutrients. Adequate 
supply of energy at the proper time and amount is important in lactation; inadequate 
energy at the beginning of lactation, when demands are greatest will decrease milk 
production to a greater extent than energy deficiency at the latter part of lactation. 
Cows at peak lactation are in negative energy balance, which is desirable for efficient 
milk production because body fat reserves are used to meet energy requirements. 

 Changes in protein intake have little effect on milk yield and composition especially 
milk protein. 

 Milk fat content is influenced by heredity and it is the most variable content of milk. 
Milk yield and fat are influenced by diet; diets which produce low ruminal acetate/ 
propionate ratio (high concentrate diets) causes low amount of milk fat. Fat content 
of the diet does not influence milk fat content. A minimum of 19% fibre in the diet of 
lactating animals is necessary for optimum rumen fermentation and to maintain 
milk fat level. Milk fats are highly saturated and to increase polyunsaturated fatty 
acid content of milk fat, vegetable oils can be fed in a protected form. 

 Stage of lactation influences the milk yield and composition. Milk yield continues to 
increase from parturition for about 4 to 8 weeks and after a peak is attained, milk 
yield gradually decline. Fat, protein and lactose contents in milk increase slightly as 
lactation progresses. 

 Pregnancy reduces milk yield. Ideal dry period recommended for cows is 6 to 8 
weeks; shorter or longer dry period will reduce milk yield of the subsequent 
lactation. 

 Milk yield increases up to about eighth year of age of cows, which then decreases; 
larger cows produce more milk than smaller ones but yield does not vary in direct 
proportion to body weight. 

 Milking twice-daily increases yield by about 40% than once daily milking; milking 
three times daily yields 5 to 20% more milk than twice daily yield; four times a day 
milking may produce another 5 to 10% more milk. The factors that contribute to 
more milk with increasing frequency of milking are – less intra mammary pressure, 

http://www.elearnvet.net/moodle/file.php/40/Animation/Milk_let_-_down_reflex.swf
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increased stimulation by hormones (PRL), less negative feed back inhibition of milk 
constituents on cellular synthesis. 

 Environmental temperature alters milk yield and composition by affecting BMR, 
food intake, digesta passage, and maintenance requirements of nutrients; this effect 
depends on breed – Bos indicus tolerate heat better than Bos taurus. Holsteins are 
more tolerant for low temperature and jerseys are more tolerant of high temperature 

CHAPTER-35: BIOSYNTHESIS OF MILK 

Learning objectives 

 This chapter explains about constituents and functions of milk. 

BIOSYNTHESIS OF MILK 

 Mammary epithelial cells take precursors for milk synthesis from blood through the 
basal and lateral membrane and discharge the milk through the apical membrane into 
the lumen of alveolus. 

 Mammary alveolar cells synthesize fats, proteins and carbohydrates 
 Fat first accumulate in the basal cytoplasm of the cell, then move to the apex where the 

droplets protrude into the alveolar lumen. 
 Bovine milk fat consists of large proportions of short-chain fatty acids (C4-C16). The 

fatty acids and glycerol are synthesized in the cytoplasm and the triglycerides are formed 
in the endoplasmic reticulum of the mammary epithelial cells. 

 The fatty acids are synthesized from three major sources 
o Acetate and β-hydroxy butyrate–primary source formed in rumen, transported to 

mammary gland. Acetate contributes to C4 toC14 fatty acids of milk. In non 
ruminants acetyl CoA from glucose is the major source for milk fatty acids 

o Fatty acids of the triglycerides present in the circulatory system as low-density 
lipoproteins and chylomicrons are another source. They contribute fatty acids 
C16 and above. Half of milk fatty acids are derived directly from blood 
triglycerides 

o Cytoplasmic acetyl CO-A from glycolysis and TCA cycle is the third source 
 Glycerol for triglyceride synthesis is derived from glycerol 3-phosphate of glycolytic 

pathway or from lipolysis of triglycerides in the mammary gland. 
 Major milk proteins are caseins (α, β and κ), β-lactoglobulin and α-lactalbumin. 
 Lactoferrin and lysosomal enzymes are other proteins present in milk. 
 Milk immunoglobulins are derived from blood as preformed proteins. 
 Milk proteins are synthesized on the endoplasmic reticulum; the casein molecules pass 

to the golgi apparatus for phosphorylation, forms micelles within the golgi vesicles. 
 Several genetic variants of milk proteins occur; the genetic polymorphism of milk 

proteins are useful for genetic identity of the animal 
 Lactose , a disaccharide composed of glucose and galactose is found exclusively in milk. 

It is synthesised from two molecules of the precursor glucose. One glucose is converted 
to galactose; lactose synthase catalyses the reaction between glucose and galactose to 
form lactose. 

 The lactose synthase is composed of two subunits–galactosyl transferase and α-
lactalbumin. 
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 Lactose is synthesized within golgi vesicles, released in conjunction with milk protein. 
The golgi vesicles fuse with the cell membrane and release protein and lactose by 
exocytosis. 

 During pregnancy progesterone blocks the secretion of α-lactalbumin, a milk whey 
protein, which is also an enzyme needed for synthesis of lactose. 

 The major minerals in milk are Ca, P, K, Cl, Na and Mg and they are derived from blood. 
 Vitamins cannot be synthesized by the mammary gland and they are derived from blood. 

FUNCTIONS OF MILK 

 Milk is essential for growth and development of young animal 
 It provides energy (lactose and fat) and amino acids to the young ones 
 Provides antibodies, vitamins and minerals 

COLOSTRUM 

 Colostrum, the first milk produced upon delivery of the newborn, is an important source 
of essential nutrients to off spring. 

 Contains lymphocytes and monocytes to protect against exposure to infection 
 Contains a greatly increased amount of protein, especially casein and globulins – the 

globulins are mainly immunoglobulins and in cow IgG is predominant 
 Rich in vitamin A, E, carotene and riboflavin. 
 However, lactose, vitamin D and iron are all low compared to normal milk. 
 Colostrum has laxative effect and helps to expel meconium from foetal digestive tract. 
 Neonates have a limited time (24 – 36 h) in which the immunoglobulins (γ-globulins) 

can be absorbed through the gut. Thus, feeding of colostrums within this period is 
important to ensure the presence of antibodies in the newborn. In domestic animals this 
Ig transfer is important for the neonate immunity because of poor placental transfer of 
antibodies. 

 Colostrum is formed in the mammary gland before parturition and it is the first milk 
secreted after parturition. 

Milk Composition 

Animal Water Fat Protein Lactose Ash 

Buffalo , water 82.8 7.4 3.8 4.8 0.8 

Camel 86.5 4.0 3.6 5.0 0.8 

Cow (Bos Taurus) 87.3 3.9 3.2 4.6 0.7 

Cow (Bos indicus) 86.5 4.7 3.2 4.7 0.7 

Dog 76.4 10.7 7.4 3.3 1.2 

Dolphin 58.3 33.0 6.8 1.1 0.7 

Donkey 88.3 1.4 2.0 7.4 0.5 

Goat 86.7 4.5 3.2 4.3 0.8 
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Horse 88.8 1.9 2.5 6.2 0.5 

Pig 81.2 6.8 4.8 5.5 1.0 

Rabbit 67.2 15.3 13.9 2.1 1.8 

Seal 34.6 53.3 8.9 0.1 0.5 

Sheep 82.0 7.2 4.6 4.8 0.9 

 Composition varies greatly among species 
 Protein varies from less than 1 to 14%, fat from traces to more than 50%, lactose form 

traces to 7%, ash from 0.2 to 2 % energy from 40 to 330 kcal/100g. 
 Generally, marine mammals have a high fat and hence high-energy value (seals 40-50%, 

whales-30%, dolphins-40%) and milk fat content is low in equines-mares-1.9%. 
 Rapidly growing species like rat and rabbit have high protein content. 
 Among and within breeds of cattle there are major differences in milk composition which 

are influenced by genetic selection. 

CHAPTER-36: AVIAN REPRODUCTION 

At the end of this chapter the learner will be able to understand the following 

 Features of reproductive tract of hen 
 Follicular growth 
 Formation of egg 
 Ovulatory cycle 
 Broodiness 
 Oviposition 
 Features of male reproduction. 

OVARY 

 Reproduction in birds is characterized by ovoviviparity where the embryonic 
development occurs for a very short period in the mother’s body and complete 
development occurs outside the mother’s body. To meet the needs of the developing 
embryo and fetal growth, the avian egg contains nutrient materials in the yolk, albumin 
and shell. 

Ovary 

 Consists of outer cortex containing follicles and inner medulla having connective tissue, 
blood vessels and nerves 

 In domestic birds, only the left ovary and the left oviduct are functional; it is attached to 
the dorsal wall anterior to the left kidney posterior to the left lung 

 The ovary has distinct follicles protruding from the surface. The largest of the follicles is 
the most mature and is called F1, the next most mature F2 and so on down to F5. This 
arrangement of group of follicles is known as follicular hierarchy; each follicle differs 
from the adjacent by about 1 day growth. 
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 The ovary also contains intermediate sized follicles and many other small follicles which 
are microscopic. 

 The immature follicles consist of an oocyte surrounded by follicular cells. The oocyte 
contains nucleus, cell organelles and surrounded by a membrane. As the follicles mature, 
yolk material is added to the ovum and the yolk is surrounded by perivitalline (vitalline) 
membrane secreted by follicular cells. The mature follicles consist of an oocyte and 
several layers of tissue – vitalline membrane and zona radiate (innermost layers), 
perivitalline layer, granulosa layer, theca interna and theca externa, connective tissue 
and epithelium (outermost) 

 The thecal layers are well vascularized and the thecal and granulosa layers are 
steroidogenic. The stigma is avascular and ovulation occurs through the stigma. After 
ovulation, the remnants of the follicles remain for a short time but no CL is formed. 

 

OOGENESIS AND FOLLICULAR GROWTH 

Oogenesis 

 After puberty, individual follicles begin to grow; a small white disk is seen on the surface 
of each follicle called blastodisk that contains the chromosomes of the ovum. 

 The first meiotic division is completed before ovulation and when spermatozoan 
penetrates the blastodisk, meiosis is completed and the blastodisk is called blastoderm; 
the blastoderm is the embryo that can be seen with naked eye when eggs are opened. 

Follicular growth 

 The smallest visible follicle is whitish whereas the intermediate and large follicles are 
yellowish due to deposition of yolk by the follicular cells. Up to about 6mm diameter of 
follicle size, the yolk deposition occurs very slowly over a period of 60 days. Then some of 
the follicles undergo rapid growth phase to attain a size of 30 – 40 mm in 9 to 11 days 
while many become atretic. 
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OVARIAN HORMONES 

 Steroid hormones are secreted by follicular granulosa and thecal cells. Before first 
ovulation, ovary contains small white follicles and no yolk filled follicles. Thecal cells of 
these small follicles are the major source of estrogen and androgens. Granulosa cells of 
the follicular hierarchy (F5 to F1) are the source of ovarian progesterone which enter 
blood. Some of these progesterone enter nearby cells and converted to estrogen; this 
conversion diminishes as follicular hierarchy increases from F5 to F1; the F1 follicles 
releases only progesterone. The increasing level of plasma progesterone stimulates LH 
release for ovulation. 

 LH stimulates granulosa and thecal cell steroidogenesis. The role of FSH in birds is not 
clearly established; PRL inhibits ovarian steroidogenesis 

 Granulosa cells of the F1 follicles also produces PG involved in uterine contraction and 
oviposition; inhibin and activins are also released from ovary – inhibin inhibits FSH and 
the function of activin is not known. 

OVIDUCT 

 It includes the complete tubular genitalia of the female and has 5 parts – infundibulum, 
magnum, isthmus, uterus (shell gland) and vagina. The vagina is attached to cloaca. 

 The anterior end of the infundibulum is a thin membranous tissue with no smooth 
muscles; in the posterior part it is highly muscular and glandular. It is highly motile at 
the time of ovulation, engulfs a follicle before ovulation and pick-up the released ovum. 
The infundibulum is the site of fertilization. 

 The magnum secretes the albumen (egg white) and is the longest portion of the oviduct. 
Mucosa contains tubular glands. Albumen is made up of many proteins and serves as a 
reserve for embryonic growth. The magnum secretion is regulated by estrogen, androgen 
and progesterone 

 The isthmus, separated from the magnum by a nonglandular band secretes shell 
membrane that forms an enclosing sac to hold the egg contents and provides support for 
the deposition of hard shell. 

 The shell gland (uterus) adds fluid to the developing egg, secretes hard shell, adds a 
proteinaceous cuticle over the hard shell and in some birds adds shell pigments. It is 
thick walled muscular organ, has mucosal folds covered with ciliated and non-ciliated 
epithelial cells. Tubular glands underlie the epithelium. 

 The uterus is separated from the vagina by uterovaginal sphincter. The vagina contains 
tubular glands (Sperm storage tubules) that are capable of prolonged storage of 
spermatozoa. It functions in transport of spermatozoa and transport of eggs. Sperm is 
stored for up to 32 days in chicken and 70 days in turkeys. 

EGG FORMATION 

 Approximately 25 to 26 h is required from the time an oocyte is released from the ovary 
till the egg is released from the body; time taken for the passage of egg in oviduct 
compartments – infundibulum – 15 min, magnum -3h, isthmus - 1½ h, shell gland - 20 
h, vagina - less than a minute. 

 The infundibulum helps in egg transport and is the site of fertilization; has no role in egg 
formation 
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 The magnum secretes and stores albumen before the egg formation and releases the 
albumen as the ovum passes. The stimulus for the release of albumen is mechanical 
distension due to passage of yolk. Two shell membranes are laid down around the 
albumen as it passes through the isthmus. The two layers are closely attached except at 
the blunt end of the egg where air cell is formed after egg is laid. 

 Fluid is added to the albumen during the first 5 h the egg spends in the shell gland and 
the albumen volume doubles. The added fluid causes stratification of the egg white. 

 Shell is secreted during the last 15 h the egg remains in the shell gland; it is made up of 
calcium carbonate (98%) and glycoproteins (2%); contains pores to allow gas exchange. 
Outside the shell is a proteinaceous layer – cuticle, which blocks bacterial entry. 

OVULATORY CYCLE AND ITS REGULATION 

Ovulatory Cycle 

 The cycle of follicular growth and hormonal changes ending with ovulation is called as 
ovulatory cycle. The ovulatory cycle of the hen is about 24 to 26h; the cycles may occur 
for many days without interruption is called a clutch. The continuous ovulatory cycle is 
interrupted by anovulatory days after which ovulation is resumed. In young high yielding 
hens, the time required to form an egg is 24h with long clutches; as age advances, the 
time required to form an egg or interovulatory interval becomes 25 to 26 h with short 
clutches. 

 Chicken clutches range from 1 to 30 eggs. About 10 – 20% of the ovulated ova are 
released into the abdominal cavity and no egg result from these ova. 

 The first egg of a sequence is laid in the morning; subsequent eggs in this clutch are laid 
later and later until the last egg in the sequence is laid in the late afternoon. Subsequent 
ovulation occurs 30 min after oviposition of the preceding egg. Egg formation requires 
more than 24h hence ovulation and oviposition occurs at later times on successive days. 

Regulation 

 LH is the key hormone of the ovulatory cycle; it induces ovulation. Its level increases 4-
8h before ovulation. LH surge occur during the dark period; with 15hL: 9hD, ovulatory 
cycle 25 –26 h in length, LH surge occur progressively later in the dark period with 
subsequent ovulation of the clutch. When the LH surge due comes to light period, no LH 
release occurs. 

 Progesterone and LH are in positive feed back. F1 follicles release mostly progesterone 
which induce LH release which in turn stimulates more progesterone synthesis and both 
hormones reach a peak 4-8h before ovulation and following ovulation their levels fall. 

 Androgen level also rises along with LH and progesterone, which also stimulates LH 
release. There is a smaller rise in estradiol levels in plasma. Role of FSH in ovulatory 
cycle is not known. 

 Prolactin level may rise when LH and progesterone levels are decreasing which may have 
a turn off mechanism for LH release. 

BROODINESS 

 It is the incubation behaviour in birds. 
 Observed in broilers, turkeys but have disappeared in layers. 
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 During broodiness ovaries regress and egg production ceases and broodiness becomes 
undesirable. 

 Prolactin is the major hormone responsible for broodiness; its level increases before 
broodiness which causes ovarian regression and interferes with steroidogenesis. 

OVIPOSITION 

 The act of laying eggs is a coordinated activity. 
 The smooth muscles of the shell gland contract and the muscle separating the shell gland 

and vagina relax; the abdominal skeletal muscles contract (bearing-down reflex- change 
in respiratory rate, stance and abdominal muscle contraction). These activities expel the 
egg. 

 The posterior pituitary hormones, avian vasotocin (AVT), PGs especially PGE and PGF 
released from the ruptured ovarian follicle help in oviposition. 

PHOTOPERIODISM 

 Day length regulates breeding season in many wild and domestic birds. 
 Sexual activity increases with longer days and decreases with shorter ones. Light period 

of about 12 h stimulates gonads; short, correctly spaced intervals of light also stimulate 
the gonads with less than 12h total duration of light. 

 When the brain is exposed to light 12 or more hours after dawn, it causes the 
hypothalamus to release the GnRH. 

 The GnRH stimulates the release of LH and FSH which causes growth of follicles and 
production of estrogen and androgen from the small follicles. 

 Estrogens stimulate oviductal development and formation of medullary bone; the 
androgens cause expression of secondary sex characters. 

 Egg production follows 2 – 4 weeks after photostimulation. 
 In general, laying begins at the age of 18 to 20 weeks in chicken and 28 to 30 weeks in 

turkeys. 
 The influence of light on the sexual activity is perceived by nonretinal photoreceptors 

located in the hypothalamus. In many avian species, exposure to short photoperiods 
during the prepubertal period is essential before they can respond to stimulatory 
photoperiods. This photorefractory period varies with species. Turkey hens should 
receive a short photoperiod followed by photostimulation of at least 11h per day for 
normal laying whereas in young chicken, exposure to light more than 8h per day initiates 
laying without short exposure to light. 

TESTES 

 Males have internally placed testes located anterior to the kidneys; the left testis is 
generally larger than the right. 

 Birds have no seminal vesicles, bulbourethral and prostate glands. 
 A small structure called epididymis is found with each testis which contains efferent 

tubules and carries sperms from testis to a single epididymal duct. Each epididymis is 
continued as ductus deferens that pass along the dorsal body wall and terminates with a 
receptaculum which ends on a small papilla in the cloaca. 

 The vas deferens and receptaculum are the storage place for the spermatozoa. 
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 The phallus is small and does not function in intromission. The semen is transferred to 
the female by touching the phallus to the everted vagina. The sperms taken from the 
testes are functionally mature and are capable of fertilizing the egg. 

Hormonal regualtion 

 The LH acts on Leydig cells to promote their development and testosterone production. 
FSH acts on sertoli cells. 

 Testosterone and LH levels have negative feed back regulation 

SEMEN 

 It is a highly concentrated fluid with low volume. 
 Average volume is 0.5ml in cocks with a concentration of 4 billion (4x109) sperms per ml. 
 The sperm head is narrow and long with a small acrosome. 
 Poultry sperms are immotile before ejaculation and become motile after ejaculation. The 

vagina of the hen acts as sperm storage tubules which help to supply viable sperms to 
fertilize the oocytes for many days. 

 Spermatogenesis involves mitotic division followed by meiosis to produce haploid cells. 
The spermatogonium produces spermatocytes and spermatids; spermatogenesis occurs 
at the core body temperature of 40-41C. 

 Gonadotropins and gonadal steroids are essential for spermatogenesis 
 Testosterone produced by Leydig cells under the regulation of LH has a role in 

spermatogenesis. 
 The immotile sperms after spermiation (release from seminiferous tubules) are carried 

by seminiferous fluid through the tubules towards the excurrent ducts of testes. Sperm 
taken from excurrent ducts have fertilizing ability. 

 Poultry sperm do not undergo capacitation before fertilization. 
 Polyspermy is very common 

CHAPTER-37: THEORIES OF GROWTH 

Learning objectives 

 To make the students to be aware of different theories explained by different scientists. 

GROWTH 

 Growth is a biological synthesis of new biochemical units. It is the aspect of development 
concerned with increase in living substance or protoplasm which includes one or all of 
the three processes, 

o Cell multiplication, e.g. cleavage of egg into daughter cells, formation of blood 
corpuscles, monocytes, hair follicles, and ectoderm cells. 

o Cell enlargement e.g. nervous tissue and skeletal tissue 
o Incorporation of material taken from the environment e.g. proteins and 

minerals. 

THEORIES OF GROWTH 
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The theories  of growth are based on 

 Development (Needham) 
 Growth (Hammet, Brody and Maynard) 

Needham's theory of Development 

 Development refers to the directive coordination of the diverse processes into an adult in 
an organized heterogeneity. 

 Some types of growth are not developmental e.g. teeth development, teratoma (jumbles 
of hair), cancerous growth, growth of tissue cultures in vitro due to self-multiplication 
without directive significance etc. 

Needham subdivided differentiation into 

 Increase in the number of kinds of cells 
 Increase in the morphological heterogeneity 
 Cell multiplication 

He subdivided growth into 

 Intussusception/increase in size of cells 
 Accretion/increase in the amount of non-living matter. 

According to him, metabolism includes 

 Respiration (oxidation) 
 Fermentation (glycolysis) 
 Catabolism of protein 
 Catabolism of fat 
 Chemical activity as pigment formation, glycogen synthesis etc. 

Hammet's theory of growth 

 Growth is a coordinated expression of incremental and developmental factors and 
functions. 

Brody's theory of growth 

 Accoding to him, growth is  a relatively irreversible change in the measured dimension 
i.e. increase in size and weight. 

 Irreversibility  changes exclude fluctuating feed supply with consequent fattening and 
leaning with gestation, lactation etc. 

Maynard's theory of growth  

 He differentiated true growth and false growth (Deposition of fat in the adipose tissue). 
 True growth is increase in the size and weight of the structural organs and tissues such as 

muscle, bone except adipose tissue. 
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 Chemically true growth is characterized by increase in protein and mineral deposition in 
the body. 

 Increase in weight due to fat deposition and water accumulation is not considered as true 
growth. 

 

CELL AS A UNIT OF GROWTH 

 Growth process involves both increase in the size of cells called 
as hypertrophy and increase in the number of the body cells called 
as hyperplasia. The process by which a single cell grows from within  cell is 
called as intussusception. 

 During hyperplasia there is an increase in the DNA and most of the cells contain 
only one nucleus and each nucleus contains the same amount of DNA. The 
amount of DNA present in a tissue can be used as an index of number 
of cells present in the tissue. 

 During hypertrophy cell size increases but DNA content remains constant. In 
most of the cells increase in the size of cells causes an increase in cell proteins. 
Hence the protein/DNA ratio is an index of cell size and growth. 
RNA/protein ratio indicates capacity for protein synthesis. 

 The protein/DNA ratio varies with tissue, age, species and other factors. Under 
optimal conditions and nutrition protein/DNA ratio is maximum. 

 During a short period of starvation tissue protein level decreases while DNA 
remains constant. 

 When feeding is resumed, cellular protein level increases rapidly to reach the 
previous protein/DNA ratio. This rapid rate of growth after a period of starvation 
is called as compensatory growth. This type of growth occurs when part of an 
organ stops growing or when a part  of it is experimentally removed. 

 During the embryonic life all the cells of the body undergo hyperplasia and 
hypertrophy, whereas in adults, 3 different types of cell show proliferation 

o Permanent cells or static organs 
 These cells lose their mitotic activity after differentiation and stop 

dividing early in their prenatal life and their number remains 
constant e.g. muscle cells, nerve cells. 

o Stable cells or expanding organs 
 These cells undergo mitotic activity and continue to divide and 

increase in their number during their growth period but they stop 
dividing in the adult. Their number is fixed and the cells have 
prolonged longevity, e.g. all exocrine glands, lungs, kidneys, and 
most of the organs of the body. 

o Labile cells or renewing organs 
 These cells continue to divide through out the life of the animal, e.g. 

blood cells, epithelial cells etc. 

Periods of growth 

 Growth can be divided into two periods 
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o Prenatal growth 
o Postnatal growth 

CHAPTER-38: PRE-NATAL GROWTH 

Learning objectives 

 To learn the different processes from fertilization to birth of a young one and the factors 
influencing the prenatal growth.  

PRENATAL GROWTH 

 The period of growth between the time of fertilization and the birth of the young one is 
called prenatal growth. In poultry 21 days are required for the fertilized egg to become 
a fully functional chick, but in farm animals it takes a long time. 

 A new individual arises from the union of a sperm and ovum, forming one cell with 
diploid number of chromosomes. The single fertilized cell divides as it passes down the 
oviduct but there is little increase in total size. In this cell division, the mother cell 
produces two daughter cells, which are capable of further division to form new cells. 

 Somatic cells produced from cell division have a diminishing power to grow by 
hyperplasia. In highly differentiated cells, the power to produce is lost e.g., mature RBCs 
entering the circulation do not have nucleus and cannot divide and dies after about 120 
days but the bone marrow cells produce the RBCs continuously. But, the differentiated 
nerve or brain cells lose their ability to divide and there is no mechanism to create new 
cells. 

 The developing fertilized egg undergoes a process of differentiation in which the mother 
cell produces different kinds of daughter cells like brain cells and heart cells is 
called cytogenesis or histogenesis . This process is irreversible in which the brain 
cells cannot form the egg cells. As the development of embryo proceeds many organs are 
formed and then differentiation ceases. The organization of various dividing cells into 
different organs each with a particular structure and function is known 
as morphogenesis or organogenesis. During morphogenesis, the differentiated cells 
synthesize new proteins and enzymes, which are specific for each tissue formed. 

 Cleavage is the process by which a zygote or fertilized ovum subdivides into smaller 
cells called blastomeres. When a new embryo has divided into a ball of sixteen or more 
blastomeres (but has not yet formed layers of blastomeres) it is called a morula. The 
morula starts to form various organs from a clump of cells called the inner cell mass. The 
morula then forms itself into a layer of cells called the trophoblast surrounding a fluid 
filled space called the blastocoele. The trophoblast develops into the placenta and is lost 
at birth, whereas the inner cell mass develops into the embryo proper. The inner cell 
mass together with the trophoblast forms the blastocyst. The embryo developing from 
the inner cell mass becomes roofed over by amniotic folds that later fuse to form a 
complete layer- the amnion. The blastocyst then becomes a gastrula, which is 
successively and three layered. Ectoderm (primary outer), endoderm (inner) and 
mesoderm (middle) layers develop. These three primary germ layers give rise to the 
organs of the embryo. 

o The outermost layer (ectoderm) forms a mid dorsal ridge along the antero-
posterior axis of the blastocyst quite early in the development. The innermost 
layer (endoderm) forms inner lining of gut, its glands and the bladder.        
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o This elongated ridge of neural ectoderm subsequently gives rise to brain, spinal 
cord and other derivatives of the nervous system. Ectodermal cells lateral to the 
neural ectoderm develop into the skin and its derivatives such as mammary 
glands, hair and hoofs. 

o The mesodermal layer gives rise to muscles, bones, connective tissue and 
vascular systems. 

 The outer (somatic) layer of the mesoderm gives rise to a series of somites (body 
segments) along each side of the spinal cord. In cattle, the differentiation of somites 
starts on 19th day of pregnancy the number of somites gradually increases to 25 on the 
23rd day, 40 on the 26th day and 55 on the 32nd day. Number of somites can be used to 
determine the pre-natal growth. 

 Cell division is very rapid during the first few weeks after implantation than at any other 
time of life. The rat and rabbit conceptus grow to a weight of l g in 2 weeks, pig and cat in 
4-5 weeks and in humans 8 weeks. The rate of growth after implantation determines 
subsequent growth in uterus. The human fetus remains in the uterus for about 280 days 
to have a birth weight of 3.4kg. The lamb is born with a birth weight of 4 kg, which is 
attained in about 148 days, and the foal reaches this weight at 160 days of conception. 

FACTORS INFLUENCING PRENATAL GROWTH 

Heredity 

 The ultimate growth of fetus depends on its own genotype and that of its mother and 
littermates determine the ultimate size of the fetus. There are variations in the species, 
individuals and breeds. The maternal contribution to variability in fetal size is greater 
than the paternal contribution. 

Foetal hormones 

 Several hormones are secreted by the fetal endocrine glands. The presence of a hormone 
does not necessarily indicate that it is actually secreted into the blood and plays a 
physiological role. As these hormones should have receptors on the target system to 
bring about any physiological actions. 

Pituitary gland 

 In some species like cow, mare, sheep and goats growth  hormone is physiologically 
active wherein the young ones born are relatively mature with their eyes open and have 
the ability to stand up immediately after birth. These young ones are called as precocial 
young ones. 

 In certain species like dogs and laboratory animals, the growth hormone produced by the 
fetal pituitary is physiologically inactive and the young ones born are immature with 
their eyes closed. Even though the fetal pituitary produces most of the hormones they are 
not important for fetal weight gain but mainly involved in fetal metabolism and 
parturition e.g. Cortisol. 

Thyroid gland 
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 The fetus can synthesize and secrete its own thyroid hormone. This hormone 
is essential for morphogenesis, differentiation and development of nervous system in the 
foetus e.g. in the man and rats brain fails to develop when thyroxine is deficient. 

Gonadal hormones 

 The fetal gonadal hormones are involved in the development of both the sexes. In the 
males androgen produced by the fetal testes is important for the descent of the testes 
into the scrotum. 

Size and age of the dam 

 Foetal growth is directly related to the maternal size. Larger the maternal size, faster is 
the prenatal growth. Size of the dam plays an important role in spite of a large sire i.e. if 
the size of the dam is small the fetus size will also be small, e.g. mules and hinnies. The 
mule with a large horse as a dam is much larger in size than the ninny with the small 
donkey as a dam. Further the difference in size also depends on the length of the 
gestation period. A long gestation means more fetal growth than in species with a short 
gestation period. 

 Age of the dam influences the size of the fetus. As the age of the dam increases the fetal 
size also increases. But in the aged and older animals the young born are small because 
of excessive internal fat deposition, which prevents the full expansion of the pregnant 
uterus. 

Maternal nutrition during pregnancy 

 The fetus is really privileged so far as nutrition is concerned.The fetus will continue to 
grow even if the dam is undernourished but will have a reduced growth rate and 
decreased birth weight. Under certain circumstances the weight of the fetus is 
proportional to the caloric intake of the mother, e.g. increased feeding of sheep during 
the later stages of gestation will have a marked effect on the birth weight of the fetus. 
Under nutrition or deficiency of vitamins and minerals will induce developmental 
abnormalities in the fetus. 

 Poor nutrition of mother affects the glycogen content of the fetal muscle and liver. Fetal 
glycogen serves as a source of energy immediately after birth and normally builds up 
during later stage of pregnancy. So when the mother is poorly fed, poor synthesis of liver 
glycogen may be the cause of more neonatal mortalities. 

 Restriction of diet of mother produces different effects in different organs of fetus. The 
nervous system skeletal and heart are least affected, whereas kidneys, lung and muscles 
are moderately affected. The skin, thymus, spleen and liver are highly affected. 

Litter size  

 Increase in the litter size decreases the birth weight of the fetus, e.g. In polytocus species, 
increased litter size and in the monotocus species, multiple births reduces the rate of 
prenatal growth because of variations in the functions of the placenta and the duration of 
pregnancy. 

Sex of the fetus 
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 Male fetuses generally grow at a faster rate and have a higher birth weight than the 
female fetuses. In case of twins the male is always heavier. 

Placental size 

 The placenta determines the prenatal growth, as it is being regarded as a fetal organ and 
the placenta transports all the nutrients, which reach the fetus. Growth rate of the fetus 
is directly proportional to the placental size. Smaller the placenta, smaller will be the 
fetus, the growth of the fetus will be retarded. Anatomically, placenta acts like a blood 
reservoir in the maternal circulation. Therefore, the blood flow to the uterus will be lower 
when there are several placentas in large litters than in a single litter. This will reduce the 
oxygen supply to at least the more distantly placed placentas. This will affect the growth 
of the fetus. 
Ambient temperature 

 It has a direct effect on the on the growth of the fetus. Either a high or low ambient 
temperature will reduce the fetal growth, e.g. exposure of pregnant ewes to heat stress 
will reduce the fetal growth and the degree of reduction is proportional to the length of 
exposure.  

 Further variations between species, strains etc. depend upon genetic set up. In some 
species, breed differences can be detected even during very early stage, though there is 
no difference in their egg size. 

TYPES OF ORGAN GROWTH 

Isometric growth 

 When an organ grows at a same rate as that of the general body growth it is known as 
isometric growth. 

Allometric growth 

 When an organ grows at a different rate than the general body growth it is known as 
allometric growth. 

 All the body organs follow both isometric and allometric growth during different periods 
of life. In the prenatal life, CNS reaches its maximum size followed by circulatory system, 
bones, muscle and finally the adipose tissues. During the postnatal life loins grow first 
followed by pelvis, thorax, head and finally the legs. This type-if differential growth may 
be dependant on the functional needs of the body but at different stages of development. 

CHAPTER-39: POST-NATAL GROWTH 

Learning objectives 

 To study growth of the young one into an adult, from birth to puberty/maturity and 
factors influencing the post natal growth. 

POSTNATAL GROWTH 
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 It is defined as the correlated increase in the body mass at definite time interval. 

Growth curve (View animation) 

 Growth generally begins slowly, which then undergoes a period of rapid increase 
followed by slow down or stagnant of growth. Plotting the body weight of an animal on 
the 'y' axis and the age of the animal on the 'x' axis produces growth curve. It is 
normally sigmoid shaped in all animals and man. The course of growth after birth is 
almost similar in farm animals. But the juvenile or the prepubertal period is very long in 
human when compared to that of the animals. In humans,puberty is attained when the 
body weight reaches 60%, whereas in animals puberty occurs when 30% of the adult 
weight is reached. There are few exceptions to V curve i.e. organs like gonads and 
mammary glands are showing cyclic growth. 

 The growth curve has two phases: 

Accelerating phase 

 It is the increasing slope of the curve, in which the growth rate accelerates to the 
maximum. Here the steep slope of the curve extends from the beginning of growth until 
l/3rd to ½ of the mature weight is reached. The following two forces acting on the 
growth rate which determine the shape of the growth curve: 

 Growth accelerating force 
o Growth accelerating force is present in the body cells and is due to hyperplasia, 

hypertrophy and inclusion of exogenous substances. 
 Growth retarding or decelerating force 

o When growth cannot continue definitely due to lack of space or food supply, the 
growth rate retards from this point onwards and the force that act upon is called 
as the growth retarding force which is found in the environment surrounding the 
cells. 

o During the initial linear phase of growth the two opposing forces are in balance. 

Decelerating phase/Retarding phase 

 It is the decreasing slope of the curve. During this period growth rate declines and 
ultimately ceases. It is the final phase of growth and it occurs when the animal 
"approaches its mature body weight. There is an in built restraint on further growth, 
which progressively reduces the proportion of feed intake. There is stabilization of feed 
intake and reduction in the increase in body weight until intake equals the maintenance 
requirement. This may be due to the production of hypothalamic somatostatin. 

 At the junction of the accelerating and retarding phase, where the growth rate stops to 
increase and which it begins to decrease it is called as the point of inflection. Since in 
all species puberty occurs at this point it is also known as point of pubertal inflection. 
This point indicates the time of maximum velocity' of growth, age of puberty, beginning 
of increasing specific mortality and point of reference to determine age equivalents of 
different animals. This point occurs at 14 years in humans, 9 - 12 in cattle and 6 -7 
months in sheep. 

Negative growth phase 

http://www.elearnvet.net/moodle/file.php/40/Animation-Dr.Logu/Growth_curve_R_.swf
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 In the old age the starts degenerating and this phase is referred as negative growth 
phase. 

 Growth can be expressed in many ways 
o Actual weight or growth curve 
o Percentage increment method 
o Weight gained per fixed unit of time 

 For practical application of growth studies, the first two are used and the last method is 
used to study the theory of growth. 

 In actual growth curve, the live weight is plotted against age and it has the typical 
'sigmoid' shape. It is very similar in shape for all farm and laboratory animals except for 
man where it is different due to prolonged prepubertal period. 

 The actual gain per unit time is always slow at first, the increases to a maximum and 
slows down gradually again, giving 'bell-shaped' curve. 

 Growth can be expressed in percentage also. The increase in live weight as percentage of 
previous weight of the individual is always great at first, falls rapidly as the weight of the 
animal increase and the curve is opposite in shape to actual growth curve. 

 In early stages of growth in utero, the developing embryo doubles in size over a 24-hour 
period. However, the doubling rate slows down and the percentage growth rate falls. The 
percentage growth is particularly important for comparing the relative growth rates of" 
different tissues or parts of the body within the same organism. The percentage growth 
rates differ for each component or tissue of the body and it is the reason for 
conformational changes occurring during growth. 

 Growth curves of individual tissues and organs are also sigmoid in shape; however, 
different tissues develop at different times and individual tissue growth curves cannot be 
superimposed. The order of development of different organs is skeleton, muscle and then 
fat. 

FACTORS INFLUENCING POSTNATAL GROWTH 

 Various factors influencing the postnatal growth are      

Plane of nutrition 

 The influence of plane of nutrition is very important because of its relation to economics 
of milk and meat production. Varying the nutritional status of the animals during 
various periods of growth can alter the carcass composition of meat animals. 

 The knowledge of this helps the farmers to control the carcass quality of meat animals in 
order to increase the market demands. The effect of plane of nutrition depends on the 
stage of growth. If a low plane of nutrition is fed during the accelerating phase of growth 
it induces retardation of growth. 

 All vitamins especially Vitamin B complex, A and C are needed for normal growth. 

Milk supplied by the dam 

 Milk has growth promoting ability in young animals in addition to its known value as a 
complete food. For this reason mammalian young ones grow at a extremely rapid rate 
than the birds. 

 Among the birds, pigeon chicks grow at a faster rate than the others because of crop milk 
production in pigeons. 
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Sex of the animal 

 It depends on the genetic makeup and the sex hormones. Generally males grow faster 
and reach better rates man females of equivalent ages even if both the sexes are provided 
with same nutrition. 

Nervous System 

 It controls growth by directly regulating the feed intake via hunger and satiety centers 
and indirectly by the release of hormones needed for growth. 

Litter size 

 Single have better birth weight than the twins, twins are better than the quadruplets. 
This difference increases during the first month after birth due to limited milk supplied 
by the dam. But once these animals are fed with concentrate rations the twins overtake 
singles, the quadruplets overtake twins. The twins when reared as singles they grow 
better. 

Environmental Factors 

 Climate influences growth by influencing indirectly the availability of fodder and directly 
the animal itself. Summer in the tropics offer poor quality and quantity of fodder thereby 
reducing the growth rate. In the temperate zone fodder is scarce in winter therefore 
decreasing the growth rate. 

 Further in animals heat tolerance also play a major role eg., African Short horn cattle 
when maintained in a hot climate with abundant feed, they failed to grow because they 
cannot consume feed although it was plenty. Similarly Jersey cattle perform better in the 
tropics due to small body size and low maintenance requirements and better heat 
tolerance than the H.F cattle. 

Effect of Photoperiodism 

 Photoperiodic control of growth is most evident in seasonally breeding animals in which 
the growth and development are seasonally interrelated. There is seasonal variation in 
sheep, in feed intake, and growth, both are highest in summer and lowest in winter even 
when fed with concentrates alone. In castrated male the change is less market than the 
intact ' male. 

 The pineal gland is involved in the Photoperiodic regulation of growth. In sheep pineal 
gland involved in many events such as secretion of reproductive hormones and prolactin. 
These, events are mediated by secretion of melatonin during periods of darkness. When 
photoperiodic effect on growth is positive pinealectomy reduces this effect. Long day 
lengths compared to short day lengths increases serum prolactin and growth hormone 
levels and increases the growth rate in sheep and goats. 

Effect of immune system 

 Diseases retards growth of animals by directly interfering with metabolism and 
absorption or indirectly by affecting the appetite of the animal. If the animals are 
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immunized it will prevent occurrence of diseases and help in optimum growth of 
animals. 

Growth regulators 

 These are substances, which have substantial and direct effect on growth. It includes 
tissue specific growth factors and certain hormones. 

CHAPTER-40: GROWTH REGULATION AND THEORIES OF 
GROWTH REGULATION 

Learning objectives 

 To make the students to understand about hemorrhesis (regulation of growth ) and 
theories related to hemorrhesis. 

DIRECT GROWTH REGULATORS 

Tissue specific growth factors 

 These act as cellular growth regulators by affecting the proliferation and development of 
specific types of cells. 

o Insulin like growth factor 
o Epidermal growth factor (EGF) 
o Nerve Growth Factor (NGF) 
o Erythropoietin (EP) 
o Promine and Retine 
o Chalones 

INSULIN LIKE GROWTH FACTOR 

 In recent years many efforts have been undertaken to elucidate the complex interactions 
between mediators of the endocrine system and the immune system. The main 
effector of growth hormone (GH) is insulin-like growth factor-1 (IGF-1), an 
endocrine mediator of growth and development under physiological 
conditions. Besides this important function, IGF-1 also plays a prominent 
role in the regulation of immunity and in ammation. 

 Insulin-like growth factor (IGF-I, IGF-II) action is influenced by until today known eight 
forms of insulin-like growth factor binding proteins (IGFBPs). They have been obtained 
not only from some human and animal tissues and body fluids but also from conditioned 
medium of cell cultures. An important biological property of the IGFBPs is their ability 
to increase the circulating half-life of the IGFs. They are able to act as potentiators of cell 
proliferation. As IGFBPs bind to cell surfaces, they may act either to deliver the IGFs to 
those surfaces for activation of specific receptors or to activate cell responses 
independently of receptor activation. Phosphorylation, glycosylation and proteolysis of 
IGFBPs influence their affinity to IGFs. The IGFBPs in the role of inhibitors may block 
the activity of the IGFs and be used for antimitogenic therapy. In the last time measuring 
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of IGFBPs levels can be used for diagnosis of determination of some endocrine diseases 
or in differential diagnostics. 

 High-affinity, soluble IGFBPs are specific proteins able to form complexes with IGFs in 
extracellular and interstitial fluids of live organisms. They influence IGFs transport to 
receptors on cell surfaces and also IGFs effects on cell proliferation. IGFBPs are proteins 
with different size, they are produced by many different tissues, especially by the liver 
and they bind to IGF-I, IGF-II, but not to insulin (with the exception of IGFBP-7). 

 IGFBPs modulate IGFs effects by endocrine, paracrine and autocrine mechanisms of 
regulation. The origin of this regulation may depend on IGFBPs recognition such as 
glycosylated binding protein or posttranslation modification such as phosphorylation. 
IGFBPs modify the IGFs effects by regulation of IGFs transport, IGFs concentration in 
specific tissues, IGFs interaction with cell surface receptors, potentiation or inhibition of 
IGFs function. 

 Insulin and insulin-like growth factors (IGFs) are well known as key regulators of energy 
metabolism and growth. There is now considerable evidence that these hormones and 
the signal transduction networks have important roles in neoplasia. Epidermiological, 
clinical and laboratory research methods are being used to investigate novel cancer 
prevention and treatment strategies related to insulin and IGF signalling. 

o Pharmacological strategies under study include the use of novel receptor-specific 
antibodies, receptor kinase inhibitors and AMP-activated protein kinase 
activators such as metformin. There is evidence that insulin and IGF signalling 
may also be relevant to dietary and lifestyle factors that influence cancer risk and 
cancer prognosis. Recent results are encouraging and have justified the 
expansion of many translational research programmes. 

o Insulin-like growth factor 1 (IGF-1) has been shown to rescue the aging-related or 
inactivity-induced loss of muscle mass through the activation of satellite cells. 
However, the signalling pathways and the mechanism by which IGF-1 affects 
satellite cells have not been not completely identified. 

o peptide included in the insulin superfamily, as its structure and function are the 
closest to those of insulin and IGF-I. The last decade investigations revealed the 
biological properties of IGF-II which distinguish it from related peptides. The 
primary sequence of the IGF-II structure has peculiar differences from those of 
insulin but insignificant ones from IGF-I. The tertiary structure of IGF-II is 
similar to that of the related peptide molecules, but a peculiar receptor-binding 
domain in the IGF-II molecule provides for its unique capability of interacting 
with receptors. 

EPIDERMAL GROWTH FACTOR (EGF) 

 It was first isolated from the salivary gland extracts of mice. It is found in significant 
amount in the submaxillary gland of male mice. Injection of saliva of male mice into new 
born mice results in 

o Precocious opening of eyelids as early as seven days; instead 12-14 days. 
o Precocious eruption of teeth (incisors) at 6-7 days instead of 10 days. 

 EGF acts directly on the epidermis rather than through secondary control mechanisms. 
It stimulates epidermal cell proliferation and keratirdzation 

 EGF was discovered by Cohen and subsequently his group expanded our 
understanding of EGF and its receptor EGFR.9 EGFR is a 170 kDa membrane 
glycoprotein which is activated by multiple ligands including EGF, transforming growth 
factor (TGF)-a, heparin binding (HB)-EGF, amphiregulin, b-cellulin and epiregulin, all 
of which are synthesised as transmembrane precursors (proligands) that are inserted in 
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the cell surface and cleaved by proteases to release the mature soluble growth factor. The 
EGFR signalling pathway has been known to be involved in a variety of physiological 
responses including proliferation, differentiation, motility, and survival. 

 EGF (Epidermal growth factor) is found in varying concentrations in milk, saliva, urine, 
plasma and also in most other body fluids. Cells in various organs, including brain, 
kidney, salivary gland, and stomach, produce this factor. EGF is a globular protein of 6.4 
kDa consisting of 53 amino acids. It contains three intramolecular disulfide bonds 
essential for biological activity. EGF controls and stimulates the proliferation of 
epidermal and epithelial cells, including fibroblasts, kidney epithelial cells, human glial 
cells, ovary granulosa cells, and thyroid cells in vitro. The proliferation of some cell lines 
have been shown to be inhibited by EGF. EGF is a strong chemoattractant for 
fibroblasts and epithelial cells. EGF alone and also in combination with other 
cytokines is an important factor mediating wound. 

NERVE GROWTH FACTOR 

Nerve Growth Factor (NGF) 

 It was discovered in two types of mouse tumours which enhanced growth and 
differentiation of sympathetic ganglia in the chick embryo. It is also found in small 
amount in tumour tissues of numerous vertebrates, in mouse and in human serum and 
in sympathetic ganglia of several mammals. 

 In several animals administration of antiserum to NGF causes complete atrophy of 
sympathetic ganglia without affecting other nerves or organs. It also stimulates amino 
acid incorporation and RNA synthesis. 

 Neurotrophins are critical for the development and maintenance of the peripheral and 
central nervous system. These highly homologous, homodimeric growth factors control 
cell survival, differentiation, growth cessation, and apoptosis of sensory neurons. 

 NGF can be obtained in large quantities from the mouse submandibular salivary 
gland,Several findings obtained in recent years suggest that NGF, aside from its well-
established function as a neurotrophic factor for peripheral sympathetic and sensory 
neurons, also has trophic influence on the cholinergic neurons of the basal forebrain. 

 NGF is able to affect survival of central cholinergic neurons after axonal transections in 
adult rats. 

Erythropoietin (EP) 

 It is a hormonal substance circulating in the blood, which stimulates the formation of 
RBCs. The production of EP increases in response to anemia, hypoxia, etc., The kidney is 
important in the production of EP but is also produced by other tissues. EP is present in 
all species and its action is not species specific. 

 It stimulates the synthesis of RNA, hemoglobin and several enzymes in erythroid cells. It 
facilitates the entry of iron into bone marrow before the stimulation of hemoglobin 
synthesis, and it increases the release of erythroid cells into the circulation. 

Promine and Retine 

 Certain extracts of calf thymus glands inhibit malignant growth in tumour bearing mice 
while other extracts promote growth. The growth inhibitor is called retine and the 
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growth promoter is called promine. These materials are widely distributed in nature. 
Retine is present in the thymus gland, muscle, tendon, urine and in large blood vessels. 

 Especially high concentration of retine is found in mushroom and clams. Promine and 
Refine are present together in tissues. The mechanism by which they influence growth of 
cancer cells is not known, They elicit their individual stimulatory and inhibitory effects 
On the cells and are important in the regulation of cell division. 

Chalones 

 These substances selectively inhibit the mitotic activity of specific tissues. These are 
extracted from the liver, kidney, epidermis and granulocytes. These mitotic inhibitors are 
tissue specific and not species specific. 

 They bring about their effect in the presence of epinephrine. Epinephrine 
increases mitotic inhibition in the "epidermis in the presence of chalones. 

DIRECT GROWTH REGULATORS 

Erythropoietin (EP) 

 It is a hormonal substance circulating in the blood, which stimulates the formation of 
RBCs. The production of EP increases in response to anemia, hypoxia, etc., The kidney is 
important in the production of EP but is also produced by other tissues. EP is present in 
all species and its action is not species specific. 

 It stimulates the synthesis of RNA, hemoglobin and several enzymes in erythroid cells. It 
facilitates the entry of iron into bone marrow before the stimulation of hemoglobin 
synthesis, and it increases the release of erythroid cells into the circulation. 

PROMINE AND RETINE 

 Certain extracts of calf thymus glands inhibit malignant growth in tumour bearing mice 
while other extracts promote growth. 

 The growth inhibitor is called retine and the growth promoter is called promine. These 
materials are widely distributed in nature. Retine is present in the thymus gland, muscle, 
tendon, urine and in large blood vessels. 

 Especially high concentration of retine is found in mushroom and clams. Promine and 
Refine are present together in tissues. 

 The mechanism by which they influence growth of cancer cells is not known, They elicit 
their individual stimulatory and inhibitory effects On the cells and are important in the 
regulation of cell division. 

CHALONES 

 These substances selectively inhibit the mitotic activity of specific tissues. These are 
extracted from the liver, kidney, epidermis and granulocytes. These mitotic inhibitors are 
tissue specific and not species specific. They bring about their effect in the presence of 
epinephrine. 

 Epinephrine increases mitotic inhibition in the "epidermis in the presence of chalones. 
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THEORIES OF CONTROL OF GROWTH 

 In animals cell division is regulated by sensitive control mechanisms resulting in 
harmonious growth of the body and organs of young animals and the maintenance of 
body and organ size within narrow limits. Several theories on the specific control of 
organ growth have been proposed and the fundamental difference between these 
theories has been whether cell division is regulated by inhibition, stimulation, or by a 
combination of both. 

Bullough Theory (1964) 

 He worked on chalones and proposed that only tissue specific inhibitors control the 
mitotic rate in organs. He stated that it is the nature of cells to prepare for and undergo 
mitosis whenever possible and it is opportunity, not stimulus that is needed for cell 
division. 

 He suggested that high concentrations of chalones suppress the genes responsible for 
mitosis and permit the genes for tissue function to be active. Decreased chalone 
concentrations release the mitotic inhibition allowing mitosis to proceed. According to 
this theory, regulation is by inhibition only. 

Weiss and Kavanau Theory (1957) 

 This theory proposes that a balance of stimulatory and inhibitory factors regulates organ 
growth. According to this theory, each. cell type produces key compounds characteristic 
of itself called as 'templates' which stimulate cell division in a particular organ. 

 Growth rate is proportional to the concentration of these intracellular 'templates' present 
in the cell under normal conditions. Each cell also produces 'antitemplates' which inhibit 
the templates by forming inactive complexes. These antitemplates may diffuse out of the 
cell into the circulation. Their, total concentration is proportional to the amount of organ 
mass . As the concentration of antitemplates in the circulation increases, intracellular 
concentration likewise increases, inactivating the templates and causing a decreased 
organ growth. 

 When a stationary equilibrium between intracellular and extracellular concentrations of 
antitemplates is reached , organ growth will cease, but it will maintain its size through a 
balance of these stimulatory and inhibitory factors. 

CHAPTER-41: CONTROL OF GROWTH BY HORMONES 

Learning objectives 

 To learn about the hormones and growth factors involvement in growth regulation. 

HORMONAL CONTROL OF GROWTH 

 Probably all hormones directly or indirectly influence growth by altering biochemical 
reactions and many of them influence the size of specific tissues and organs. However, 
only somatotropin, thyroxine, sex steroids and glucocorticoids are generally considered 
to have a direct effect on whole body growth. These hormones affect body mass and 
dimensions primarily by altering skeletal and or nitrogen balance. 
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 Regulation or control of growth is known as homeorhesis. It is the co-
ordination of the metabolism in the body tissues in support of a dominant physiological 
process with the partitioning of nutrients to support developmental process. It is a long 
term control brought about by growth hormone and prolactin which acts as coordinator 
of nutrient partitioning. 

Somatotropin (Growth hormone) 

 It is secreted by the anterior pituitary and is essential for normal growth in young 
animals and for the maintenance of normal metabolism in adult. Removal of anterior 
pituitary in the young animals results in dwarfism- cessation of growth and decrease in 
body weight. Long-term injection of growth hormone in young animals produces 
extremely large individuals-giants, and in mature animals head, hands and feet become 
enlarged-acromegaly. 

 Growth hormone has both anabolic and catabolic effects. 
o Anabolic Effects 

 It enhances the formation of protein and nucleic acids by stimulating the 
ribosomal RNA synthesis. 

 It increases the uptake of amino acids into the cells and exerts a direct 
effect on skeletal muscle growth, liver, heart, fibroblasts, lymphoid organs 
etc. 

 It controls nutrient partitioning during growth and lactation. 
 Exogenous administration of Growth hormone to lactating cows increases 

milk yield, lactose, protein, and fat content of milk.  
o Catabolic Effects 

 Lipolytic effect is produced through its direct effect on the adipose tissues. 
It reduces the amount of fat stores, increases free fatty acids in the 
circulation, which are released from the adipose tissues and are used as a 
source of energy. 

 Injection of growth hormone to normal growing animals increases 
carcass protein and water while it reduces the fat content. 

 Release of GH is regulated by GHRF (somatocrinin) and GHIF 
(Somatostatin) from the anterior pituitary.        

Somatomedins 

 Major effects of GH are mediated via somatomedins. These are polypeptides 
also called as Insulin like Growth Factors (IGF) of which two are important, IGF I and II. 
They are produced from the liver and also from the kidneys/ other tissues of the body. 
These are present in high concentrations in the blood and have hypertrophic (insulin 
like) and hyperplastic properties. 

 IGF I not only mediates GH effect but also have direct effect on many cells to promote 
growth. IGF II is mostly functional during the fetal stage. 

Thyroid hormone 

 Thyroid hormones are essential for normal growth and development in animals 
indicating that they pal a permissive role in growth regulation. It is essential for 
maintenance of BMR. Growth stimulation by thyroid hormone is brought about 
via regulation of somatomedin receptors. 



www.drvet.in 
 

 Hypothyroidism decreases the BMR and the ability of the animals to respond to GH. 
Decrease in appetite leads to decreased growth rate. Hyperthyroidism causes weight loss, 
general catabolic changes including increased nitrogen excretion and increased BMR. 

 In swines feeding of thyroprotein (iodinated casein) increases the body weight. But after 
fattening begins in growing pigs, thyroprotein retards the rate of gain and decreases the 
feeding efficiency. 

 Thyroprotein stimulates wool growth in sheep and milk production in ewes resulting in 
heavier lambs. 

 Feeding of thyroprotein to dairy cattle stimulates milk production by 10-25% and fat 
content by 0.2-0.3%. It should be fed during the first 3-4 months of lactation and 
additional feed; is necessary to support increased production. 

 Goitrogen in moderate doses have limited uses in increasing the feed efficiency during 3- 
4 weeks of fattening in swines. Higher doses leads to decreased feed efficiency and 
weight gain. 

Glucocorticoids 

 Glucocorticoids have a catabolic effect. It decreases the growth of epiphysis by 
decreasing the stimulatory effects of GH on the bone. 

 It increases the protein and amino acid degradation and inhibits protein synthesis 
in the liver. 

 When given in large doses inhibit growth in adult but not in young animals. 

Sex steroids 

 Androgen 
o Males tend to grow faster than the females and this is directly related to 

androgerr secretion, hence androgens are classified as anabolic or growth 
stimulatory compounds. The chief source of androgens is the interstitial cells of 
the testes and die adrenal gland. Testosterone is the chief androgenic steroid 
secreted from the testes. 

o Testosterone has a slight stimulatory effect on growth and an inhibitory 
effect on epiphyseal fusion. Castration of males inhibits skeletal growth. 
Androgens increases the protein synthesis, nitrogen retention and enhances 
skeletal muscle growth. Small amount of testosterone stimulate GH to produce 
maximum growth response. After puberty large amounts of androgens secreted 
enhances epiphyseal closure. 

o Androgenic compounds improve the carcass quality by decreasing the amount of 
fat and increases the proportion of edible tissue especially in swine. In beef cattle 
limited beneficial effects of moderate doses of androgens include increased 
nitrogen retention and a lower carcass fat content. Females respond more readily 
than the males to androgen administration. 

 Estrogen 
o The major estrogens which are produced by the ovary, placenta and to a smaller 

extent by the adrenal cortex of both the sexes are estradiol, estrone and estriol. 
Estrogens are somatic growth inhibitors because sterilization of 
female results in greater growth than would otherwise occur and 
sizable doses of estrogens depress growth of male. 

o Estrogens inhibit skeletal growth by decreasing the growth of long bones. After 
puberty it promotes rapid epiphyseal closure. At high doses it increases nitrogen 
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retention in ruminants and fat deposition in poultry. Its catabolic effect is due to 
the stimulation of secretion of corticosteroids which have catabolic properties. 

o It promotes growth of sex organs. Stimulates the growth of uterine tissue by 
hypertrophy and hyperplasia. It increases the mitotic rate in the skin. 

Other supportive hormones 

 Insulin 
o It is secreted by the beta cells of islets of langerhans of the pancreas. It is an 

anabolic hormone. It increases the uptake of amino acid and glucose into the 
muscle cells, stimulates the growth by increasing the RNA synthesis and protein. 
It plays a supportive role rather than a direct effect in influencing growth. It 
promotes lipogenesis and is positively  correlated with the adiposity of the body 
and thus helps to maintain the body weight. It regulates the binding of 
somatomedins to adipocytes. 

 Prolactin 
o It plays a role in partitioning of nutrients for growth and act as a homeorhetic 

control. It decreases fatty acid synthesis and increases lipolysis. 

EFFECT OF FEED ADDITIVES AND OTHER GROWTH FACTORS 

Synthetic hormone like compounds 

 Synthetic estrogens e.g. Diethyl stilbestrol (DES) and progestogens increases production 
especially in fattening of beef cattle. It is effective in females, castrated males and in 
growing bull.-. DES in ruminants is used for greater nitrogen retention, muscle growth 
and water uptake. 

 Mechanism of action: It stimulates ACTH secretion from the pituitary and this 
in turn elevates adrenal androgen secretion which stimulates growth. 

Naturally occurring growth factors in feeds 

 Some plant materials are found to produce estrogenic effects in animals and their 
amount varies considerably in different plants, e.g., alfalfa and clover contain 
appreciable quantities of estrogen and produce positive growth response in ruminants. 
Alfalfa seeds, soyabean, cotton seed and linseed oil meals contain estrogenic compounds 
which are not usually detectable in grasses. 

 Normally occurring growth inhibitors are also found in livestock feeds. E.g., trypsin 
inhibitor in soyabeans and gossypol in cotton seeds. These act by interfering with the 
availability of other nutrients. Other compounds like alkaloids and specific toxins reduce 
the growth of farm animals under certain conditions. 

Antibiotics 

 These are used extensively as growth stimulants especially in poultry and swine 
production. These substances increases growth and feed efficiency but do not alter 
mature body size of animals. They are effective in eliminating subclinical infections and 
diseases and thus create a better environment for rapid growth. They act by inhibiting 
the bacterial growth which compete for nutrients. Some antibiotics act by increasing the 
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absorption of v vitamins. E.g., bacitracin, erythromycin, penicillin, oxytetracyclin, 
furazolidone etc. 

Anthelmintics 

 These are used as growth promoters. They control parasitic infections. E.g., DDVP (2,2- 
dimchlorovinyl dimethyl phosphate) is used to stimulate growth in fattening cattle. 
DDVP has got both anthelmintic and growth stimulatory effect in cattle. 

Tranquilizers 

 Feeding of. tranquilizers sometimes causes a slight increase in weight gain and feed 
efficiency in fattening beef and sheep and has no beneficial effect in other animals e.g. 
Receptive, chlorpromazine. 

Paracrine and autocrine growth factors 

 Growth is affected by growth factors produced locally in a particular tissue. These have 
autocrine and paracrine effect e.g., IGF I , fibroblast growth factors, transforming growth 
factors etc. 

o Fibroblast growth factors are. heparin-binding polypeptides. They stimulate 
proliferation of myoblasts but inhibit differentiation of myogenic cells, stimulate 
proliferation and inhibits differentiation of preadipocytes, 

o Among the transforming growth factors (TGF) , TGF- Bl and TGF-B2 are more 
abundant.. TGF B causes differentiation and proliferation of cells of epithelial 
and mesenchymal origin and inhibits differentiation of muscle cells and 
adipocytes and plays a role in the development and growth of the bone. 

CHAPTER-42: MEASUREMENT OF PRE AND POST-NATAL 
GROWTH 

Learning objectives 

 To study the different methods available to measure the prenatal and postnatal growth. 

MEASUREMENT OF PRENATAL GROWTH 

 There are certain measurements that can be made on the foetus to determine the age or 
growth rate of the fetus. They are 

o CR Length - measured from the highest point of skull to the rump 
o CVR Length- curved crown to rump length. 
o VR Length- length of the vertebral column 
o BCVRT Length- total bent length of the fetus i.e. from mouth to the point of the 

tail. 
o VRT Length- vertebral column to the tail. 

 CR length provides a more reliable measure to estimate the age of the fetus. 
 Foetal length can also be measured by radiography or ultrasound technique. 
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MEASUREMENT OF POSTNATAL GROWTH 

Live weight 

 Measuring the live weight is the most widely used technique in determining the growth 
of the animals. It is useful for computation of rations and to make adjustments in the 
feeding regimes and to determine the end point of production cycle. In experimental 
work, it is used to find out the response of a particular treatment. 

 Recording of live weight is easy and economical. The validity of recorded live weights 
depends on 3 factors 

o precision of the weighing machine 
o human error  
o fluctuations in weight due to the quantity of food present in the GI tract eg. In 

growing pigs the proportion of live weight to the content of the GI tract may vary 
between 0.02 for 90kg pig and 0.05 for 120kg pig. Inorder to reduce the influence 
of GI tract contents on the live weight fasting of the animals before weighing can 
be followed or it can be taken at the beginning of the day. 

Body measurements 

 Linear body measurements are taken using various types of measuring rods or sticks or 
with calipers. These measures reflect primarily the length of the long bones of the 
animal. 

 Measurement of circumferences is done using a flexible tape. 
 These body measurements when taken over a period of time predict the animal live 

weight and carcass composition. Mostly they are used in cattle and horses and to a 
smaller extent on sheep and very much limited to pigs and poultry. The accuracy of such 
measurements also depends on a no, of factors such as, 

o Correct identification and location of end reference points in linear 
measurements. 

o Anatomical distortion produced by the animal changing either position or 
posture or by changing muscle tone. 

o Minimum error for caliper measurements whereas greater error when using 
flexible tape over surface particularly if the are, concave. The body measurements 
which exhibit the highest correlation with body weight is heart girth. 

Visual Appraisal of live animal conformation or Condition Scoring 

 This method uses the sense of touch and sight in assessing the degree of finish of cattle, 
sheep and pigs to meet certain market requirements. This method reflects the deposition 
of soft tissues, in particular fatty tissues in the animal. Many systems of scoring are 
available but they are of limited value when the difference between the animal is small. 
This technique reflects a bias towards fatty tissue growth and is of little use in predicting 
growth in animals where muscle accretion rates are of great greatest importance. It is 
useful as a management tool to formulate feeding regimes 

Dilution technique 
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 It is used to measure water and indirectly by difference estimates fatty tissue because 
water is inversely proportional to fat: Dilution of water is estimated by introducing a 
known amount of tracer into the animal. 

 The tracer is allowed to equilibrate with body fluids and the concentration of the tracer is 
determined in a sample of blood. Tracers used are either liquid or gaseous forms. E.g. of 
gaseous tracer, krypton. If gaseous tracer is used, the animal is enclosed in a chamber 
and the amount of gas given which gets absorbed into the fatty tissue is measured. 
Liquid tracers used commonly are heavy water (D20) and tritiated water (TOH). 

 The disadvantages of this technique are 
o it is difficult to apply 
o it can be used only as tools for experiment only 
o many tracers are radioactive and has a long half life as a result the animals 

carcass at slaughter is unfit for human consumption and has to be wasted. 

Neutron Activation Analysis 

 This technique is used in human medical field and is costly. It requires whole body 
counting chambers. This method allows the measurement of gamma radiation or photon 
production, from neutron irradiation in H2, N2, 02, Na, Cl, and Ca and in the naturally 
occurring radioactive isotope of potassium (40K) and is used in the predictions of muscle 
content. 

Probes 

 It is mostly used in pigs to measure back fat thickness and has a high precision in 
predicting the muscle back fat thickness. 

 The demerits of this method are that local anesthesia has to be induced in the areas 
where the skin incisions are made for the insertion of the probe. 

Balance Studies 

 It gives a short-term estimate of protein and fat deposition in the animal body. A balance 
sheet is drawn for a particular element entering and leaving the body and the retention 
of that element is calculated by difference. 

 A combined carbon and nitrogen balance give an estimate of storage of both protein and 
fat in any particular period of time. The animal must be in a positive balance i.e. the 
excreted amount of carbon and nitrogen must be less than the intake. 

 Demerits of this technique are that it is expensive and requires sophisticated 
equipments. It is not possible to predict accurately either the total muscle deposited or 
its location within the animal. Fat and protein deposition may be either in the carcass or 
in the non carcass tissues or in both. 

X-ray and computed tomography 

 This method is used to measure growth, tissue mass or volume. It is determined by 
serially scanning the body and by feeding the details of the pictures obtained into a 
computer which integrates the series into a whole (computerized tomography-CT ). 

 CT is a valuable invivo method for predicting body fat and energy content but less 
valuable for predicting the contents of water and protein in the body. 



www.drvet.in 
 
Nuclear magnetic resonance (NMR) 

 This technique examines proton distribution and binding in the body. NMR-CT relies on 
the inducion of resonance in protons in the body by placing it in a strong magnetic field. 

 The signals that are emitted are a reflection of the body's reaction to the high frequency 
disturbance that the magnetic field induces and are product of the matter of the body 
itself. This technique is non-invasive, non-ionizing radiation, no hazards, and 
electromagnetic radiation penetrates bone tissue without significant attenuation. 

Ultrasonic technique 

 In this technique pulses of ultrasound pass through different tissues at different rates, 
specific for particular tissue. An interface between two tissues partly reflects and partly 
transmits the ultrasound pulse. 

 The sound pulses are converted to electrical pulses which are displayed on suitable 
oscilloscopes as spikes on a baseline. It helps to measure the back fat thickness which is 
closely correlated with carcass composition and is more useful in pigs than cattle. 

CHAPTER-43: ENVIRONMENTAL PHYSIOLOGY 

Learning objectives 

 To make the students to know about different terms related with environmental 
physiology. 

ANIMAL ECOLOGY 

 Ecology is the branch of biology that deals with the relation of living things to their 
environment, their habits and their mode of life. When concerned with the domestic 
animals, ecology includes their relationship to human society and economy and in 
particular their productivity. 

 Ecology is divided into two branches 
o Autecology/species ecology/self ecology 

 It is a study of interaction between a single species with its environment. 
It is primarily experimental. 

o Synecology/population ecology/biocenology/biosociology 
 It is the study of group or community of organisms and their relationship 

with each other and to their common environment. 
 Environmental physiology deals with the surrounding conditions that affect the 

structures and organ functions of humans and animals. Environment includes physical, 
chemical and biological elements that surround the animals and is therefore included in 
the study of animal ecology. The components of the environment either promote or 
impair the performance of the animal. 

 Heredity and environment 
o Animals are the products of heredity and environment. Heredity pattern is a 

product of environment as the environment conditions mutation and selection of 
survival rate. This makes the animal to adapt to different climatic regions, e.g., 
animals evolved in colder regions are adapted to cold and have abundant wool 
and subcutaneous fat. Animals adapted to hot weather have sparse wool and 
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subcutaneous fat. The environment of an animal affects the degree of the genetic 
potential determining the optimum climate and environment required for 
maximum production of the animals. 

 Bioclimatology deals with the inter relationships between climate, soil, plants and 
animals . 

 Weather 
o It is a short term day to day fluctuations of the meteorological variables. 

 Climate 
o It is a long term average condition of the meteorological variables, in a given 

region. 
 Macroclimate 

o It is the general large scale climatic conditions of the open atmosphere in a large 
area or a country. 

 Microclimate 
o It is the climatic condition directly surrounding the animal.   

CONTRIBUTION OF CLIMATE TO AGRO-ECOLOGICAL ZONE 

 There is a closer relationship between climate and vegetation. Classification of climate 
helps to recognize relationship between climate and land forms and hence serves as a 
guide to the introduction of pasture plants and crops that provide forage for grazing an 
imals, recognizing relationships between climatic stress and functional and reproductive 
responses of domestic animals. Climatic factors such as rainfall, air temperature, 
humidity, solar radiation and day length exert a controlling influence over the formation 
of the main agro -ecological zones. 

 Classification of climate is important for adaptation of domestic animals to specific 
climatic zones. Climatic factors influence the distribution and growth of plants and those 
which directly influence the animals. Mainly temperature relative humidity and rainfall d 
etermine the distribution of livestock. 

DISTRIBUTION OF DOMESTIC ANIMALS 

 Ruminants are the most important domestic animals useful to man. Reindeer is mostly 
confined to a narrow belt in the extreme Northern areas of Europe, Asia and North 
America. 

 Ilamas and alpacas are also limited in their distribution to the elevated plateau regions of 
South America. 

 Buffaloes are exclusively confined to hot areas particularly those associated with paddy 
production. They are also found in the drier areas where there are irrigation facilities. 

 Camels are distributed to the hot deserts, semi arid areas and in dry cold regions. 
 Horses are found in the continents, which have cooler and temperate climate. 
 Donkey predominates in hotter and more arid areas. 
 Cattle and sheep are the most widely distributed livestock. Higher proportion of sheep is 

found in pastoral continents of Africa and Australia. Cattle are found in Europe, North 
America and Asia. 

 Pigs are found in the forests of Northern Europe, Asia, and in semiarid Australia. 
 Poultry is found in Africa and Asia 
 Goats are distributed in the grasslands and semi-desert regions. 
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CHAPTER-44: ADAPTATION, ACCLIMATION 
AND ACCLIMATIZATION IN ANIMALS 

Learning objectives 

 To study about the day to day, short term and long term physiological adjustment of 
animals to the extreme environmental conditions. 

ADAPTATION 

 It is the adjustment of an animal to given environment. When the animals are 
continuously exposed to major environmental changes, they may develop functional and 
structural changes that results in an increase in their ability to live without stress in a 
new environment. This is called as adaptation. 

 There are different types of adaptation: 
o Genetic adaptation 

 It refers to the heritable animal characteristics that are transformed from 
one generation to the other, which favour survival of a population in a 
particular environment. This may involve evolutionary changes over 
many generations (selection by nature) or acquiring specific genetic 
properties (selection by man). 

o Physiological adaptation 
 It is the capacity and process of adjustment of the animal to itself, to other 

living material and to its external physical environment. 
o Biological adaptation 

 It refers to the changes with respect to morphological, anatomical, 
physiological, biochemical and behavioral characteristics of the animal 
which promote welfare and survival of the animal in a given environment. 

o Phenotypic adaptation 
 These are the changes that occur during the life time of an individual. 

These are non heritable and it is the irdividuals response to the 
environment with accompanying changes in the genotype. Phenotypic 
adaptation can be physical as in callous formation on the hands and feet 
or behavioral as in taming of wild animals. 

o Nutritional adaptation 
 It is associated with both genetic and physiological adaptation. It occurs 

as a result of climatic and ecological changes. For instance, in the coastal 
areas of the tropical regions the soil and water are low in calcium and due 
to heavy monsoon rains the soil is leached out with a loss of calcium. This 
is reflected in the pastures with low levels of this mineral. 

 The low calcium intake by the animals lead to low serum calcium 
concentrations, but the tropical animals appear to be tolerant of this and 
surfer no ill effects. 

Acclimatization 

 It refers to long-term adaptive physiological adjustments, which results in an increased 
tolerance when exposed to continuous or repeated climatic stressors (normally produced 
under field conditions). E.g., if an animal voluntarily migrates from a mountain valley to 
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a high altitude, its lung ventilation rate typically will increase initially to acquire 
adequate oxygen. 

 Within few days or weeks, lung ventilation begins to drop back towards the sea level 
rates as other physiological mechanism that facilitates gas exchange at high altitude 
begins to operate. After several days the individual is said to be acclimatized to a new 
high altitude conditions. 

 If an animal physiologist places that same animal in a hypobaric chamber, thus 
simulating high  altitude  conditions  the animal  becomes  acclimated  to  experimental 
"conditions in a few days.  

 Characters of well adapted animals: 
o There must be minimum weight loss when exposed to some stressors like 

nutritional deficiency, high milk production even when animals are transported. 
o It must have high reproductive rate. 
o It must have high resistance to diseases. 
o High longevity and low mortality. 

Acclimation 

 It refers to the adaptive changes that take place in response to a single climatic 
variable.(normally produced in a climatic chamber). 

NATURAL ADAPTATION TO ENVIRONMENT 

 Desert animals have relatively long legs which enable them to traverse long distances in 
search of food, camels have large flat foot which enable them to move over the shifting 
sand. Animals adapted to cold climate have relatively small surface area relative to body 
mass (European cattle). Animals adapted to warm climate have large surface area 
relative to body mass (Zebu cattle). Coat thickness and hair characteristics in mammals 
and plumage in birds are also influenced by climate.   

Natural - Morphological, Anatomical, and Functional adaptations of animals   

S.No Environmental 
Conditions 

Adaptive Mechanism Species 

1 Solar Radiation. Long limbs, and short reflective 
coat. 

Camel 

2 High Temperature Increase in surface area by the 
skin folds, small body, loose 
coarse wool, long cars, hair 
shedding in summer 

Tropical 
cattle, sheep 
and donkeys. 

3 High Humidity Decreased hair coat, Dark 
pigmentation. 

Buffalo 

4 Cold Temperature 
, 

Long hair .intermixed with fine 
hair, Minimum exposed ' 
extremities, increased s/c fat, 

Temperate 
cattle, sheep, 
Yak. 
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abundant brown fat, thickest 
heavy coat. 

5 Desert Thick skin, increased water 
drinking capacity, conservation 
of metabolic water, hard tissue 
and thick skin around the 
mouth. 

Camel 

6 High Altitude Increased oxygen carrying 
capacity in blood through 
increased concentration of RBC. 
Ability to transfer oxygen from 
capillary blood tissues cells at 
less pO2. High efficiency in 
extracting nutrients from feed. 

llamas, 
Alpaca. 

Adaptation of cattle  

 Animals are transported from temperate to tropical zones and from semitropical zones 
to cold environment. 

 Transportation does not change the inherent genetic characteristics of the animal for 
adaptation to new environment. 

 Indian cattle are more heat tolerant than the European cattle 
o Indian cattle have long dewlaps and sheaths (naval flap in females) and long ears 

have excellent heat dissipation mechanism. These animals have smaller body, 
resulting in larger surface area per unit weight and their skin has little hair  
whereas,   European cattle have fat, hairy, tight hides, under dewlaps and small 
ears. 

o In zebu cattle, the hump in high in fat less blood supply and has less sufficient fat 
than European breeds. Storage of fat makes zebu more heat tolerant. 

o Indian cattle have more extensive system for evaporative cooling and allows them 
to adapt better  to hotter climates. 

o Indian cattle are more resistant to ticks, flies and mosquitoes. 
o Hair colour of Indian cattle is lighter and thus reflects more sunlight than that of 

European cattle. 
o Cold tolerant animals have lower critical temperature for European cattle it is 

between 30-60°F, Indian cattle - 50-80°F. Therefore above 60°F European cattle 
and above 80°F in Indian cattle, thermo regulatory mechanisms become active - 
Increased in respiration and evaporation. 

THEORIES OF MORPHOLOGICAL ADAPTATION 

 Some ecological rules explain morphological adaptations in domestic animals. They are 
summarized by Brody 

o Bergman's rule (1847): It relates body size to climate. Small light animals have 
large surface area per unit weight and hence lose heat more rapidly than large 
heavy animals, which neve small surface area per unit weight. Larger breeds of 
cattle (Holstein) are better adapted to cooler areas and smaller (Jersey) breeds 
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are better adapted to warmer areas. The larger Brahman cattle inhabit hot areas 
and the smaller Shorthorn cattle inhabit cooler climate. The reasons for the 
variation is that the Brahman cattle have larger periphery - ears, dewlap, naval 
flap and so large surface area, which increases heat dissipation and these 
animals, are surface area is smaller in relation to their body weight and so they 
are cold tolerant The Bergmann rule is based on Newton's law of cooling, which 
states that the larger the surface of a given body, the greater the rate of heat 
transfer. 

o Allen's rule (1877): In a given species animals that live in cold areas tend to 
have shorter extremities than those in warm climate. 

o Wilson's Rule (1854) relates insulating coyer to climate. Breeds in cold climate 
have a dense, heavy, thick external coat and those from warm climate have short, 
glossy and thin hair. 

o Gloger's Rule (1833) relates colour to climate. Skin pigments protect against 
UV radiation. Animals in cooler of hot, dry climate have light coloured skin. Skin 
pigmentation darkens with increasing temperature and humidity. 

o Claude Bernard Rule (1876) relates climatic changes to internal body changes. 
The vasomotor dilation and contraction regulates rates of blood flow to skin 
capillaries arid by using these mechanisms, animals can tolerate very low 
temperatures at their extremities. 

CHAPTER-45: REGULATION OF TEMPERATURE 

Learning objectives 

 To learn how the heat is exchanged from animal body to environment and vice versa. 

TEMPERATURE REGULATION 

 Body functions mainly depend on body temperature. Either increase or decrease in 
temperature will alter the chemical processes occurring in the body. This makes a 
relatively constant temperature necessarily to be maintained for efficient functioning of 
all the tissues in the body. 

 Based on the stability of the body temperature, animals are classified as 
o Homeotherms (or) Warm blooded animals 

 These animals have the ability to control their body temperature, whereas 
in a narrow range even when the external temperature vary. These are 
called as temperature regulations. They have a high rate of heat 
production of 8-10 times greater than poikilotherms of the same body size 
and at the same body temperature. E.g. Mammals and birds. The body 
temperatme of homeotherms is higher than the autrient temperature. 
This also means that heat production must be higher in a cold 
environment. 

o Poikilotherms (or) Cold blooded animals 
 These are animals whose body temperature varies with the temperature of 

the environment. They lack physiological control of body temperature. 
These are called as Temperature Conformers. Eg. Reptiles, Amphibia, 
Fishes and Invertebrates. 

 Based on the source of body heat, the animals are classified as: 
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o Endotherms: These animals generate their own heat through metabolic heat 
production. Eg. Birds, Mammals. Some lower vertebrates and insects. They can 
maintain their body temperature above the ambient temperature. They have well 
isolated fur, feathers or fat which make them to conserve heat against high 
temperature. They have higher resting metabolic rate of about 5 times more than 
that of ectotherms of same body size and temperature. (Low thermal 
conductance) 

o Ectotherms: These animals depend entirely on the environment for their heat. 
They generate low metabolic heat and have high thermal conductance. They are 
poorly insalated and allows minimum loss of metabolic heat to cooler 
environment. They regulate their body temperature by absorbing heat from the 
surroundings. Eg. Crab. 

o Heterotherms: Are animals are capable of varying their degree of endothermic 
heat production. They do not regulate body temperature in the narrow limits. Eg. 
Monotremes (egg laying mammals),few large fishes. 

Body Temperature 

 Different parts of the body have different temperature complete uniformity of 
temperature is possible if no heat exchange occurs between the body and its 
environment. This difference is due to the variation in the metabolic rate, blood flow and 
the distance from the surface. The core (or) interior temperature is higher than that of 
the temperature of the extremities. The factors, which determine the variation of 
temperature is heat produced, heat gain and heat loss which vary from location to the 
other. The temperature of brain, liver, heart and other active musculature may be 1-2°C 
higher than that of carotid blood, which is 0-2°C, lower. Rumen temperature can exceed 
rectal temperature by as much as 2°C. Rectal temperature is an overall good indicator of 
core temperature. 

 Many factors such as age, sex, feed intake, season, twice of the day, exercise, digestion, 
pregnancy etc. will affect the normal body temperature. The fetus, which has its own 
metabolism, will have the body temperature slightly higher than its mother. After birth 
the body temperature in many cases relatively labile until thermoregulatory much in 
fully developed. 

Normal body temperature of different species       

Cattle Sheep Goat Horse Pig Dog Cat Chicken 

38.6°C 39.1°C 39.1°C 37.6°C 39.2°C 38.9°C 38.6°C 41.7°C 

 Body temperature is elevated during feeding, exercise , estrus, and at the end of 
pregnancy. It is decreased during starvation and may fall after shearing and ingestion of 
large amounts of cold water. 

Diurnal variation (24 hr) 

 The domestic animals exhibit a diurnal rhythm of body temperature. This rhythm largely 
reflects the period of rest and activity of the animal. The animals, which are active during 
the day, have their minimum temperature in the early morning and maximum 
temperature in the late afternoon. A reverse of this is found in animals, which are active 
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during the night. The diurnal temperature rhythm can be modified by various routine 
factors of management. 

Thermoneutral zone (Zone of thermal comfort) 

 It is the temperature zone at which the performance of the animal is maximized. At this 
zone, the environmental temperature does not affect the metabolic heat production and 
circulatory adjustment is sufficient to maintain a thermal constant body temperature. 
Above and below this thermoneutral zone, circulatory adjustments are no longer enough 
for the maintenance of heat balance. In high temperature, they must be supplemented by 
increase of evaporative heat loss and in cold temperature by increasing the metabolism. 

 The comfort zone varies with age, body size, protective covering, acclimatization, 
capacity for evaporative cooling, feed intake and activity of the body. In case of animals 
with high productivity increase in temperature will reduce the heat production (because 
of less heat dissipation) and a cold environment will stimulate the heat production. 

 Critical temperature: It is the lowest ambient temperature at which a mammal or bird 
can maintain its body temperature at a normal resting metabolic rate. 

 Lower critical temperature: The environmental temperature below which lieat 
production begins to increase in defense against cold is called as lower critical 
temperature. The normal metabolic rate is inadequate and the body has to produce extra 
heat when the environment temperature falls. 

 In man and tropical animals the Lower Critical temperature is 25-30°C. 

 

HEAT EXCHANGE MECHANISM 

 To maintain a constant body temperature , heat produced and received in the body must 
be equal to the heat lost from the body. The pathways of heat gain or loss are: 

o Non evaporative or insensible heat loss via radiation, conduction and convection. 
o Evaporative or sensible heat loss as evaporation of water from the skin and 

respiratory passages. 
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Radiation 

 It is the energy transfer through electromagnetic waves (heat exchanges between two 
objects that are not touching). Radiant energy does not heat the air directly but indirectly 
by heating solid surfaces like soil, water, trees, clouds and animals. Thus radiant energy 
is changed into thermal energy, which in turn heats the air by conduction and 
convection. 

 Loss or gain of heat- from a body occurs by infrared waves and it depends on 
temperature. All objects radiates energy. Heat rays leave the body and it is heat loss. 
Animals receive infrared thermal radiation from their surrounding. 

 Heat loss/gained by the radiation is influenced by surface area of the animal, 
temperature of the animal skin, temperature of the air surrounding the animal and 
emissivity(ability to absorb and emit heat) of the animals skin. 

Conduction 

 It is the heat dissipation from warmer to colder objects by direct physical contact and it 
depends on the temperature radiant between the contacting surfaces, area of the 
contacting surface and thermal conductivity. 

 Heat loss can be minimized by insulation of fur and clothing. Animals can increase heat 
dissipation in a conduction by resting on the cold floors. 

Convection 

 Heat is transferred from one molecule to another and is then carried away i.e heat is 
transferred to air which rises and takes the heat which it cooler air comes into replace 
warmer air. 

 Higher air velocity increases heat loss by convection. Effectiveness of convective heat 
loss is effected by: 

o Body surface area 
o Velocity of air movement 
o Surface temperature 
o Air temperature 

 The air adjacent to the body surface is usually warmer than the surrounding 
environmental air and replacing the warmer air by the cooler atmosphere air removes 
heat from the animal by convection. Convection is enhanced by wind. Warm air blowing 
over the animal provides convective heat gain to the animal. 

Evaporation 

 Most important mechanism of heat dissipation during severe heat exposure when the 
temperature and radiant between the body surface and environmental air becomes 
narrow. Evaporation of water from the skin depends on: 

o Temperature and moisture of the skin 
o Skin covering - hair, wool, etc., 
o Humidity, velocity, and temperature of the surrounding air 
o Respiration rate and volume 
o Water available for evaporation 
o Surface area of the animal 
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 Thick hair coat may reduce air movement over the skin and entrap layer of moisture over 
the skin surface and reduces evaporative loss. When the environmental temperature is 
above that of the body, water evaporation in the principal mechanism that covers the 
body. 

Heat Gain 

 Animals gain heat through internal body actuates and may also gain heat from external 
sources through radiation, conduction, and convection. Heat gain to the body through 
metabolism occurs by oxidation of nutrients. Animals require heat / energy for 
mamtaining circulation, respiration, excretion, muscle tension etc, which is called as 
Specific Dynamic Action (SDA) heat. This maintenance energy is given off as heat. 

 In cold condition, animals have to conserve/produce heat. They absorb heat from the 
surrounding objects if their temperature is higher than their own. Some heat is also 
gained by ingestion of food. Heat production varies among animals per unit weight. Zebu 
cattle produce 20% less heat than European cattle, which makes them to be more heat 
tolerant and less cold tolerant. Males have a higher BMR than females and castrated 
males. Lactating cones produce more heat than non-lactating dairy cones of the same 
size. 

Heat Dissipation / Loss 

 To maintain homeothermy animals dissipate excess heat produced by internal sources or 
received from external sources. 

 Heat produced in animals is dissipated by conduction, convection, evaporation, and 
radiation and through respiration tract and factices and urine. 

CHAPTER-46: BODY TEMPERATURE REGULATING 
MECHANISMS 

Learning objectives 

 This chapter explains how the homeotherms regulate their body temperature to heat and 
cold conditions. 

PHYSIOLOGICAL RESPONSES TO HEAT 

Circulatory Adjustments 

 Cutaneous vasodilatation causes a rise in skin temperature, this increases heat loss. This 
cutaneous vasomotor reactions in response to thermal changes is mediated mainly by 
sympathetic vasoconstrictor-nerves. Peripheral vasodilatation is brought about by 
inhibition of sympathetic vasoconstrictor nerves. 

 The stimulus for this is the temperature of the blood circulated to the brain. 
Thermosensitive cells are present in the anterior hypothalamus that will respond to 
warmth and evoke thermoregulatory mechanism for heat loss. Thermoreceptors present 
in the skin may also bring about this response. 

Evaporative heat loss 
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 Evaporation of water will cause an effective cooling of the body..Three types of 
evaporation (perspiration) are common 

o Insensible perspiration- diffusion of water, 
o thermal sweating from the sweat glands 
o non-thermal or emotional sweat. 

 Insensible perspiration 
o It is continuous, occurs by diffusion of water through the skin and from lungs. 

Thermal sweating occurs from the sweat glands. Humans may perspire 2 liters of 
moisture/ hour under dry desert non-shaded conditions. Evaporation of water is 
an effective way of cooling the body. 

o The amount of heat loss by evaporation of 1.0 g of water is proximately 580 
calories. At ordinary temperature and humidity, about 25% of the heat produced 
in resting mammals is lost by evaporation of water from the skin and respiratory 
passages. 

 Sensible heat loss 
o Sweating and panting increase heat loss. 

 Sweating 
o There are 2 types of sweat glands: 

 Eccrine glands: These are found mostly in humans and are scarce in 
domestic animals (found in the foot pads of dogs). This gland produces an 
aqueous secretion and is under the control of cholinergic sympathetic 
fibres. 

 Apocrine glands: They produce a protein containing secretion, with loss 
of the free end of secretory cells and develop from hair follicles. These 
glands are not supplied by secretory nerves and are sensitive to 
epinephrine carried in the blood. In the goat and the sheep the apocrine 
sweat glands are under direct nervous control, In man the eccrine sweat 
glands alone are responsible for thermal sweating. In many domestic 
animals, apocrine sweat glands are important for evaporative heat loss. 

o Thermoregulatory sweating is brought about in two ways: 
 By a rise of hypothalamic temperature 
 Reflexly by stimulation of warmth receptors in the skin and other parts of 

the body outside the CNS. 
o In larger animals sweating is important whereas in panting is more important in 

smaller species like dogs and sheep. In case of horses sympathetic nerves control 
sweating in response to heat with epinephrine as a transmitter substance. In dogs 
sweating is insignificant in heat regulation and polypnea and panting are more 
important: 

Panting and polypnea 

 Panting is an effective way of dissipating heat load. In many species heat load will evoke 
polypnea and in some polypneic panting. Panting consists of increase in respiratory 
frequency with a decrease in tidal volume. It is more effective in dogs. Breathing occurs 
at a frequency of 200-400/minute with an opened mouth. Panting is accompanied by 
increased  salivation thereby aids in evaporative cooling. Panting is increased dead space 
ventilation without change in respiratory alveolar ventilation. Panting is stimulated 
reflexly and centrally. 

 In birds sweat glands are absent and increased evaporation occurs not only by panting 
but also by gular flutter. Gular flutter is the rapid oscillation of the thin floor of the 
mouth and the upper part of the throat. 
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Wallowing 

 Pigs and porcine species and water buffaloes have a relatively poor evaporative loss 
mechanism and depend on wallowing for evaporative heat loss. 

 

Saliva spreading 

 Spreading of saliva on the fur when they are heat stressed for evaporative heat loss is 
seen in rodents and macropod marsupials. 
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PHYSIOLOGICAL RESPONSES TO HEAT 

Circulatory Adjustments 

 Cutaneous vasodilatation causes a rise in skin temperature, this increases heat loss. This 
cutaneous vasomotor reactions in response to thermal changes is mediated mainly by 
sympathetic vasoconstrictor-nerves. Peripheral vasodilatation is brought about by 
inhibition of sympathetic vasoconstrictor nerves. 

 The stimulus for this is the temperature of the blood circulated to the brain. 
Thermosensitive cells are present in the anterior hypothalamus that will respond to 
warmth and evoke thermoregulatory mechanism for heat loss. Thermoreceptors present 
in the skin may also bring about this response. 

Evaporative heat loss 

 Evaporation of water will cause an effective cooling of the body..Three types of 
evaporation (perspiration) are common 

o Insensible perspiration- diffusion of water, 
o thermal sweating from the sweat glands 
o non-thermal or emotional sweat. 

 Insensible perspiration 
o It is continuous, occurs by diffusion of water through the skin and from lungs. 

Thermal sweating occurs from the sweat glands. Humans may perspire 2 liters of 
moisture/ hour under dry desert non-shaded conditions. Evaporation of water is 
an effective way of cooling the body. 

o The amount of heat loss by evaporation of 1.0 g of water is proximately 580 
calories. At ordinary temperature and humidity, about 25% of the heat produced 
in resting mammals is lost by evaporation of water from the skin and respiratory 
passages. 

 Sensible heat loss 
o Sweating and panting increase heat loss. 

 Sweating 
o There are 2 types of sweat glands: 

 Eccrine glands: These are found mostly in humans and are scarce in 
domestic animals (found in the foot pads of dogs). This gland produces an 
aqueous secretion and is under the control of cholinergic sympathetic 
fibres. 

 Apocrine glands: They produce a protein containing secretion, with loss 
of the free end of secretory cells and develop from hair follicles. These 
glands are not supplied by secretory nerves and are sensitive to 
epinephrine carried in the blood. In the goat and the sheep the apocrine 
sweat glands are under direct nervous control, In man the eccrine sweat 
glands alone are responsible for thermal sweating. In many domestic 
animals, apocrine sweat glands are important for evaporative heat loss. 

o Thermoregulatory sweating is brought about in two ways: 
 By a rise of hypothalamic temperature 
 Reflexly by stimulation of warmth receptors in the skin and other parts of 

the body outside the CNS. 
o In larger animals sweating is important whereas in panting is more important in 

smaller species like dogs and sheep. In case of horses sympathetic nerves control 
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sweating in response to heat with epinephrine as a transmitter substance. In dogs 
sweating is insignificant in heat regulation and polypnea and panting are more 
important: 

Panting and polypnea 

 Panting is an effective way of dissipating heat load. In many species heat load will evoke 
polypnea and in some polypneic panting. Panting consists of increase in respiratory 
frequency with a decrease in tidal volume. It is more effective in dogs. Breathing occurs 
at a frequency of 200-400/minute with an opened mouth. Panting is accompanied by 
increased  salivation thereby aids in evaporative cooling. Panting is increased dead space 
ventilation without change in respiratory alveolar ventilation. Panting is stimulated 
reflexly and centrally. 

 In birds sweat glands are absent and increased evaporation occurs not only by panting 
but also by gular flutter. Gular flutter is the rapid oscillation of the thin floor of the 
mouth and the upper part of the throat. 

 

Wallowing 

 Pigs and porcine species and water buffaloes have a relatively poor evaporative loss 
mechanism and depend on wallowing for evaporative heat loss. 
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Saliva spreading 

 Spreading of saliva on the fur when they are heat stressed for evaporative heat loss is 
seen in rodents and macropod marsupials. 

PHYSIOLOGICAL RESPONSES TO COLD 

 When there is a fall in the environmental temperature, a drop in animal's body 
temperature is prevented by a reduction in heat loss by physical regulation. When this 
physical regulation becomes insignificant to maintain the body temperature heat 
production will be increased as a line of defense by means of chemical regulation. 

Reduction in heat loss 

 Behavioral response 
o A reduction of heat loss is brought by adoption of posture such as curled up 

position of animals at rest. So that the surface area exposed to cold will be 
reduced. 

 Increased fur insulation 
o In case of prolonged cold exposure, the animals will develop increased fur growth 

and subcutaneous fat as a means of increasing peripheral insulation. 
 Piloerection 

o It occurs to reduce the insulation value of hair or fur. In this process the hairs 
become more erect and is brought about by the erector pili muscle of the hair 
follicle. 

 Circulatory Adjustments 
o When exposed to cold vasoconstriction occurs in the skin and superficial tissues 

mediated by the vasoconstrictor nerves there by reducing the heat loss in 2 ways: 
 Vasoconstriction decreases the peripheral blood flow causing a drop in 

skin temperature there by reducing the temperature gradient between the 
skin and the environment. 
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 It increases the functional  insulation of the skin because of reduction in 
convected heat loss of the perfusing blood. 

o An increase in vasoconstrictor tone may be elicited reflexly by stimulation of skin 
cold receptors or centrally by a lowered hypothalamic temperature. The other 
important mechanism by which heat is gained is by the arrangement of deep 
arteries and veins that run close together helping in counter current heat 
exchange. Hence the cold venous blood is transported centrally adjacent to warm 
arterial blood coursing peripherally. By continuous heat exchange, the returning 
venous blood is cooled which minimizes the heat loss to a cold environment.e.g., 
Pampiniform plexus to maintain the testicular temperature. 

Increase in heat production 

 When the reduction in heat loss is not sufficient to maintain a constant body 
temperature, heat production has to be increased called as lower critical temperature 
and it varies in different animals. Among the farm animals, cattle and sheep have the 
lowest critical temperature and are therefore able to withstand cold. 

 Increase in heat production is brought about in 2 ways: 
o Shivering thermogenesis 
o Non shivering thermogenesis 

 Shivering thermogenesis 
o During sudden exposure to cold, shivering is the major contributor to enhanced 

heat production (increases the BMR 5-10 times the normal). It may increase the 
oxygen consumption to 400%. It is an involuntary function of the body. 

o It consists of muscle tremor with a frequency of about 10/second. The heat is 
generated through shivering to withstand cold where in 75 % of energy released 
for muscle contraction is converted into heat. It is initiated by peripheral and 
central thermoreceptors. 

 Non shivering thermogenesis 
o Heat production occurs in the absence of muscular activity. Heat is generated 

apart from shivering by means of enhanced mobilization of fat from white 
adipose tissues, increases triglycerides uptake, lipogenesis and lipolysis when the 
animal is exposed to cold. This non-shivering thermogenesis is due to the release 
of epinephrine and nor epinephnne during cold exposure. 

o Epinephrine and nor epinephrine has got calorigenic effect which is potentiated 
by thyroxine. ACTH also plays a role. In birds glucagon enhances/calorigenic 
effect. In neonates, non-shivering thermogenesis is higher than the adult. 

o In new born animals of several species and in hibernating animals /brown 
adipose tissue is an important source of heat. When the animal is exposed to cold, 
it causes a high increase in metabolism and blood flow. During cold adaptation, 
hypertrophy of brown adipose tissue or fat occurs whereas it decreases in warm 
adaptation. 

Adjustments during prolonged cold exposure 

 The physiological adjustments to prolonged cold exposure is divided into 3 categories: 
o Cold acclimation: The changes occurring during cold exposure for a few weeks 

when other environmental factor remains unchanged. It involves a shift from 
shivering to non-shivering thermogenesis occurring during the first 2 or 3 weeks 
of cold exposure. Increase in non-shivering thermogenesis enables the animals to 
survive longer than non- acclimated animals in severe cold. In cold acclimated 
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animals carbohydrate and fat metabolism increases, storage of brown fat 
increases and the calorigenic effect of epinephrine and nor epinephrine is 
potentiated by thyroxine. 

o Cold acclimatization: Animals living in cold climate maintain a normal body 
temperature mainly by adjustments involving improved insulation. There by they 
have a lower critical temperature than the animals of the same species not 
acclimatized to cold. Heat production is not elevated in cold acclimatized 
animals. It involves modifications developing during slow seasonal change from 
summer to winter. In many arctic animals the metabolism in winter is less than 
that during summer when measured at a given external temperature. 

o Climatic adaptation: Genetic adaptations of animals occur as a result of natural 
selection so that they are best suited for survival in a cold climate. The body 
temperature of homeotherms does not show any adaptive changes. Arctic 
mammals maintain their body temperature at a high level by most efficient 
insulation and do not increase their metabolism until the environmental 
temperature is very low. The rectal temperature of arctic and tropic mammals 
will not vary significantly during extreme cold climate. Lower critical 
temperature for Eskimo dog is -10°C, arctic fox is -30°C, and man and large 
tropical animals is 25-27°C. 

o Cold habituation: Animals that are experiencing a mild cold stress for extended 
period, when suddenly exposed to severe cold, for several hours, they delay their 
thermogenic reactions to the acute cold. This is cold habituation and it is enables 
the animals to withstand acute temperature of short duration without increasing 
their metabolic rate and conserves energy. If the cold stress prolongs for larger 
duration, then heat production increases to maintain body temperature. 

TEMPERATURE PERCEPTION AND REGULATION OF BODY 
TEMPERATURE 

 Temperature perception is mediated by peripheral thermo-receptors and CNS 
thermodetectors. Their joint action seems to be necessary to obtain the maximal 
temperature regulation against heat or cold. 

Peripheral thermoreceptors 

 The sensations of warmth and cold originate from thermo-receptors in the skin and 
certain mucous membranes. Warmth receptors detect rise in temperature and cold 
receptors detect drop in temperature. 

 Certain areas of the skin are of greater importance than others in the peripheral control 
of body temperature e.g. local warming of the scrotal skin in the ram elicits polypnea 
much more readily than any other skin area in this animal. 

CNS thermodetectors 

 The anterior hypothalamus  is  sensitive to  an increase or decrease in body temperature. 
There are thermosensitive neurons located in the hypothalamus that detect the -  
changes in the temperature. These neurons increase their rate of discharge with increase 
in local temperature from 34 to 41°C.    

 When the temperature of blood perfusing the hypothalamus is above normal, the 
anterior hypothalamus activates physiological and behaviour heat loss mechanisms  and  
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inactivates  heat gain mechanisms.     When the temperature of hypothalamic blood is 
lower than normal, the anterior hypothalamus initiates heat-gain mechanisms.   Spinal 
cord also contains thermal sensitive areas, which is more important in birds. 

Interaction between neural and hormonal thermoregulatory mechanisms 

 In addition to neural mechanisms, hormonal mechanisms also participate. Epinephrine, 
norepinephrine and thyroxine are important in cold exposure. Epinephrine, 
norepinephrine and thyroxine are of major importance in cold stimulated non-shivering 
thermogenesis. An increased secretion of hormones occurs in mammals during cold 
stress. The thermoregulatory centre in the anterior hypothalamus participates in the 
control of these hormonal cold defense mechanisms. 

 When warm blood passes through anterior hypothalamus, it inhibits the activation of the 
sympathico-adreno-medullary system and the thyroid activation. Cold blood passing 
through the thermo-regulatory centre on the other-hand causes sympathico-adreno 
medullary activation and increased secretion of thyroxine. The latter response is 
mediated by the release of thyrotropic hormone (TSH) from the anterior pituitary. Thus, 
changes in deep body temperature influence both neural and hormonal 
thermoregulatory mechanisms by altering the activity of central thermo-detectors in the 
anterior hypothalamus. View animation  

CHAPTER-47: REGULATION OF TEMPERATURE IN BIRDS 

Learning objectives 

 This chapter provides knowledge on specific features of birds in regulating body 
temperature during heat and cold conditions. 

TEMPERATURE REGULATION IN BIRDS 

 Birds are homeotherms and maintain constant body temperature. 
 Birds are  also endotherms and have special mechanism of increasing their body 

temperature by heat generation within their tissues.     In birds,  even though similar 
thermoregulatory mechanisms are available as that of mammals, certain distinguishing 
differences make the bird more adaptive and precisely control thermoregulation. 

 Examples 
o Plumage of birds is helpful for flight as well as insulation; 
o site of deposition of fat differs in birds; 
o availability of salt glands as in ducks prevents dehydration and evaporative heat 

loss; 
o absence of sweat glands. 

Core Temperature 

 Core temperature varies during the day and is dependent on environmental temperature. 
Circadian rhythm of body temperature reveals the extent to which the bird stores heat 
and the degree to which the thermo-regulatory control mechanisms operate.  

http://www.elearnvet.net/moodle/file.php/40/Animation-Dr.Logu/Hypothalamic_functions_of_thermoregulation._R.swf
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 Factors that affect the core temperature are the amount of plumage, size of the bird, 
physiological activity of the bird and intensity of light; photo period is a major factor that 
alters the body temperature and ultimately the productivity of the bird. 

 Circadian rhythm of the body temperature is reversed by changing the time and degree 
of illumination and is beneficially used in poultry industry to enhance productivity. 
Hormones mainly control circadian rhythm of the body temperature of birds. 

Heat production vs heat Loss 

 Body temperature increases as the air temperature increases. At low temperatures, 
shivering causes thermogenesis to maintain core temperature. In young birds, core 
temperature is not constant even within the thermoneutral zone. 

 During exposure to hot environment, there will be increased rate of heat storage, which 
raises the core temperature. Birds gain heat from environment. This can be seen in 
desert environment where the temperature of air and sand will exceed the bird's body 
temperature; due to increased heat storage, there will be reduction in the temperature 
difference between the body and the environment and heat gain from the environment is 
diminished. 

 Storage of heat within the body is directly related to saving of water in the body, which 
helps to dissipate the moisture evaporation. Desert birds become more hyperthermic 
when they are dehydrated. Following dehydration, there is an increase in the body 
temperature in all birds, which is due to reduced respiratory evaporative cooling. Food 
deprivation reduces body temperature, which may be due to decreased metabolism. 

 Non-shivering thermogenesis is absent in birds since they do not have the browm fat- an 
important thermogenic tissue. 

Heat dissipation 

Radiation 

 Skin and plumage are the major factors that participate in radiation heat transfer. Colour 
of plumage and positioning of plumage alters the degree of radiation. 

Conduction 

 Rate of heat conduction depends on thickness of the layers of tissues. Tissue fat has the 
lower conductivity but it does not play a major role in heat conduction.in birds because 
most birds do not have substantial fat layers under the skin. 

 Fat is deposited in the abdominal cavity. Plumage of birds provides a very effective 
barrier to heat loss from skin surface to environment. Feathers help trapping air and act 
as windproof covering; coating of the feathers with oily secretion of preen glands makes 
the plumage resistant to wetting. 

 Some of the birds adapted to freezing temperature have a "cold vasodilation ", by 
accelerating the blood flow to the foot and extremities that are exposed to cold. The cold 
vasodilatation prevent freezing of extremities by increasing the heat loss from these 
parts. Winter fattening occurs in small birds exposed to cold climate. 

 Thermal conductance of small birds is greater than large birds because of change in the 
thickness of the skin and fat.   Surface area in proportion to body weight is the major 
factor that modifies the amount of heat that is lost. 
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Convection 

 Birds exposed to moving air or bird moving in air loses much of heat. This ' phenomenon 
is termed as forced convection and it is approximately proportional to the square root of 
the air velocity. 

 Non-evaporative heat loss is a special process of convection and conduction occurring in 
the upper respiratory tract; it is similar to counter current exchange pattern and it helps 
in effective cooling of nasal passage. 

 Another feature of birds is fluffing of feathers during exposure to cold. This increases 
insulation provided by feathers and decreases the thermal conductance of the plumage. 
Fowls with poor plumage have accelerated heat production due to scanty insulation. 
Thermal polypnoea is another feature that increases evaporative heat loss by increasing 
respiratory minute volume, and it is characteristic of many hyperthermic panting 
animals and birds. 

 The extensive air sac system helps the birds to get more ventilation during panting, to 
accelerate the evaporative heat loss. This is one mode of stress management, which aids 
in evaporative respiratory .cooling without much change in blood gases and acid base 
balance. In few species, thermal polypnoea would result in mild alkalosis. 

 Another feature observed in many birds when exposed to heat is the movement of bucco-
pharyngeal area to accelerate ventilation that results in evaporative cooling (gular 
flutter).   

BEHAVIOURAL THERMOREGULATION 

 Migration of birds from cooler to warmer areas and vice versa is a thermoregulatory 
behaviour. 

 Hunching - Birds exposed to cold try to reduce the surface area exposed to cold, to 
reduce heat loss and it is called hunching. They may tuck their head under the wings to 
cause further reduction in heat loss. They prefer to sit than stand which minimizes heat 
loss. Sunning behaviour is observed (birds expose themselves to sun to gain heat) during 
cold. 

 Huddling reduces heat loss, most commonly seen in chicks; the chicks huddle with their 
mother seeking warmth. 

 On exposure to hot environment, they avoid the hottest part, reduce their activity and 
seek shades. They orient their back of the body to sun feet facing the shades, wings kept 
apart and away from the body to facilitate convective heat loss. 

 Domestic fowl splashes water over its comb and wattles, tend to soak its ventral feathers 
(belly soaking) and try to keep themselves cool in hot environment. 

 The behavioural thermoregulatory response in birds is regulated by preoptic region of 
the brain, anterior hyppthalamus and by peripheral receptors. The peripheral and the 
CNS neuron: regulate the' body temperature by regulating heat production and heat loss 
in birds." Cold receptors are present in the tongue, beak, bill and feathered skin areas in 
the back. 
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THERMOREGULATION DURING FLIGHT 

 During flight, there is a tremendous increase in heat production, which increases 
the core temperature. Thermal conductance increases during flight as well as 
accelerated counter current mechanism in the brain blood vessels. The 
respiratory minute volume increases during flying to meet the increased 02 
demand and to enhance heat loss. 

CHAPTER-48: CLIMATIC ELEMENTS 

Learning objectives 

 To explain various climatic elements/environmental variables affecting growth, 
production and reproduction of animals. 

AIR TEMPERATURE 

 The air temperature surrounding an animal's body is important to its comfort and 
functioning of physiological processes. Heat normally passes by conduction from warm 
skin to the cooler air around it. As the air temperature rises above the comfort zone, the 
heat loss decreases and when air temperature exceeds skin temperature, heat will flow in 
reverse direction. This is a serious problem in hot and dry areas. When air temperature is 
lower than 5 C, heat flow from the animal's body is accelerated leading to discomfort and 
lowered performance. 

 Animal may also be heated or cooled by temperature of objects in the surroundings. 
Most important is the heat from the ground. In dry soil, by mid afternoon, ground 
surface temperature may go >40°C and after sunset, the ground soil cools rapidly. Green 
vegetation or moist soils heat more slowly; speed, duration and source of wind affect air 
temperature. If an animal is grazing in a field where the temperature of air is 25° C, it 
will not experience discomfort, but by mid afternoon, if wind comes from passing over 
dry land whose temperature is 40° C, the animal's heat load will be markedly increased. 

 Altitudes also influence air temperature, which decreases by 0.65°C/ 100m elevations. 
 Air temperatures are measured as maximum and minimum and mean daily (average of 

these two) temperatures. If the difference of maximum and minimum temperature is 
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8°C but if the minimum is above 24° C, the animal is under heat stress for the entire 24-
hour period; if the temperature difference is 22°C or more, it indicates lower night 
temperature, which can allow the animal to restore thermal balance. 

ATMOSPHERIC HUMIDITY 

 It indicates water vapour content .Rate of cooling by evaporation from skin and 
respiratory tract depends upon the humidity of air. Low humidity helps in rapid 
evaporation (sometimes lead to dehydration). In high humidity, evaporation is slow and 
reduces heat loss, thereby endangering the animal's heat balance. Heat retention in hot 
humid climate is more acute than excessive water in hot dry climates. 

 High humidity is conducive to diseases, lowers feed quality, and enhances mineral 
deficiency. In warm humid areas when air temperature is above 21°C and relative 
humidity above 60%, it becomes difficult for the livestock to loose heat. In dry areas 
when temperature is above 32°C with high wind velocity and low humidity (< 20%), it is 
hazardous for animals due to dehydration problem. 

 Atmospheric humidity is expressed as relative humidity (RH), which is the ratio between 
the amount of water vapour present in air and the amount it would hold if saturated at 
the same temperature. The RH does not indicate the ability of the atmosphere to accept 
water vapour given out from the skin and the lung of animals. Vapour pressure indicates 
the concentration of water vapour in the air and it is expressed as the fraction of total 
barometric pressure contributed by gaseous water vapour; it is a better measure of 
humidity because it gives a precise estimation of water content of the atmosphere. 

 The RH can be measured directly with a hygrothermograph or indirectly as wet bulb or 
dew point temperature. Vapour pressure can be determined from meteorological tables 
using air temperature and wet bulb, dew point or RH. 

 Dew point is the temperature at which the air could be saturated by the amount of water 
present in it. 

 Daily maximum RH occurs in the early morning hours and minimum in the early 
afternoon; however the vapour pressure may be constant throughout the day. 

RADIANT ENERGY 

 Radiation from the sun, sky and  surroundings add to the animal's heat load. Providing 
shades or shelters that cut off the direct solar energy can reduce it. 

 An animal in the open field is exposed to (1) direct solar radiation from the sun, part of 
which is reflected according to colour and proportion of coat and the remainder is 
absorbed as heat (2) solar radiation reflected from clouds and other particles in sky, part 
of which is reflected by hair coat (3) solar radiation reflected from the ground and 
surrounding objects; the first two contributes 50 % of heat load and the third contributes 
the remainder. 

 The level of radiant energy is negatively correlated with humidity but positively 
correlated with maximum temperature. White surface reflects high proportion of visible 
radiation but little of long infrared; polished aluminum reflects very little of both and 
absorbs most of the heat. Longer wavelengths are absorbed through skin. 

 The energy of radiation absorbed by the animal's body is changed into heat, raising the 
temperature of the aniinal. 

 Measurement of the source of radiation and the amount of radiation absorbed or 
reflected by the animal are complex process. When the sun is overhead in a clear sky 
radiation is high; the surface area of the animal presented to radiation varies among 
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species. At noon, in man only a little more than the head is exposed. Due to posture, the 
greatest surface area exposed in man is between 8 A.M and 10 A.M.; in sheep it is from 
10 A.M. to 12 noon. The intensity of radiation decreases with angle of the sun; thus man 
receives less direct radiation during a day than a sheep or cow. 

 Measurement: Approximate estimate of the total radiation exchange of an animal 
exposed to a particular environment is by using Black Globe Thermometer, which is a 
sphere fitted with a thermometer, thermistor or thermocouple for recording 
temperature. The black globe temperature is about 6° C above atmospheric temperature 
and it is used to estimate the rate of heat gain by the animal in a particular environment. 

 For 6 to 12 months in a year in N-S 30° C latitudes, the intensity of direct and reflected 
radiation results in the animal receiving a significant amount of heat for 5 - 10 
hours/day. The radiant heat load is the greatest in the afternoon when the ground 
radiation and air temperature are high. But the duration of stress period from the 
radiant energy may extend beyond the day light hours. 

 The animal's body absorbs all the radiation coming from infrared radiation irrespective 
of skin colour or hair coat. On the short-wave (visible) radiation, hair and skin surfaces 
affect reflectivity depending on the colour. 

 The type of instrument used for measuring radiation depends up on the kind of radiation 
to be measured - ultraviolet, visible, and infrared or total radiation. Two groups of 
instruments can be used (1) those dealing with the intensity of direct solar radiation and 
some of the reflected radiation (2) those dealing with all the three components - direct, 
reflected and thermal radiation. 

 If there is a high solar radiation, animal absorbs heat from environment. Animal has to 
spend more energy to loose the extra heat obtained from solar radiation. Consequently, 
less energy is available for growth and production.  

 Harmful ultraviolet radiations are injurious to underlying soft tissues. Melanin pigment 
stored in skin of tropically adapted animals protects from their ill effects. 

AIR MOVEMENT 

 The rate of air movement over the skin of an animal affects heat loss; increased 
airflow enhances heat loss by evaporation when moisture is present on the skin. 
But with low moisture, heat loss from the animal is limited. At temperature of < 
29°C, faster air movement enhances heat loss, at temperature of > 29°C the 
reverse is true i.e. there will be heat gain. 

 Air movement aids in heat loss from the skin by conduction when air temperature 
is lower than skin temperature; when the air temperature is higher than skin 
temperature, there will be heat gain from the surrounding. 

 Airflow is described as directional or turbulent (rotational). In hot dry area, air 
flows around 8 kmph or less during the day does not result in drying and heating 
the animal body. However, in hot dry climate, the rate of air movement is high, 
which requires providing protection. 

 Airflow rates of 8 to 20 kmph do not produce serious problems. During dust 
storms of several days, sheep avoid grazing. 

 Measurement: Wind vane is used to find wind direction and anemometer is used 
to measure the speed of wind. 

RAINFALL 
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 Rainfall influences the livestock indirectly by influencing the food supplies. The amount 
of rainfall, its duration and condition of the soil  influence the amount of water going to 
the subsoil. The soil moisture available for crop production depends on total annual 
rainfall, its seasonal distribution, and intensity, condition of the soil, vegetation cover 
and rate of evapo-transpiration. If particular area receives sufficient amount of rainfall, 
green fodder production will be optimum which ensures better food supply to the animal 
for growth and production. 

 The seasonal rainfall pattern determines the amount of feed that can be produced, 
grazing practice to be employed, and requirement for storage and type of feed 
preservation system to be followed. In heavy rainfall season, water content of the forage 
is increased, which limits nutrient availability to the animal. Rainfall also has direct 
effects on livestock; it helps in heat dissipation but interfere with feeding and health. 
Animals cease to graze during rain. In hot environment, rainwater may be trapped by the 
hair coat, which will reduce thermal stress. Rainfall increases humidity. Sheep can thrive 
in hot, dry climate but hot, wet climate limits sheep husbandry. 

 Measurement: Rain gauge is used to measure rainfall. Day to day levels may vary within 
a small area due to movement of clouds, but monthly of annual totals are reliable for 
determining patterns of rainfall over a wide area. 

LIGHT 

 The period of light during the day is called photoperiod; it is the time between sunrise to 
sunset. Photoperiod varies with latitude and season and it is related to the path of sun. 
Length of photoperiod near the equator varies only by few minutes; by ±2 hours at 
latitude 30° and by ± 19 hours at latitude 60°. 

 The eyes in mammals and eyes and skull in poultry perceive photoperiod. The 
information is relayed to the hypothalamus and pineal via superior cervical ganglion; the 
pineal encodes this information by producing more melatonin in dark than in light 
(circadian rhythm). 

Effects of light on production 

 Providing supplementary light of 4-8 hours with natural day light to cows increases milk 
yield by 7-16%; in ewes, birth weight of lambs is increased; in pigs, the litter weight is 
increased. 

 In heifers and lambs, growth rate increases by extending the photoperiod; in growing 
pigs, feed intake or weight are not affected. In poultry, providing 14L, 10D enhances 
growth rate up to 12 weeks of age; after 12 weeks, very little effect is produced on growth. 
Low light intensity or blue light, which is perceived as less bright by birds than red or 
white is preferable to stimulate growth up to 18 weeks. 

 In ewes, timing of puberty is determined by photoperiod and nutrition. With adequate 
nutrition, GnRH and photoperiod regulates puberty. During short day with longer 
duration of melatonin GnRH pulse frequency increases with subsequent LH release and 
ovulation. Long day length with short melatonin duration causes refractoriness and 
ovaries become inactive. 

 Sheep is the most affected animal by changes in photoperiod. Seasons of high 
temperature and long photoperiod cause anestrous and decreased fertility and sperm 
production in ram. These effects are related to GnRH and LH production. 

 In cattle, photoperiod does not affect reproductive activity. Growth and shedding of hair 
coat in cattle is influenced by length of photoperiod. 
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 In long day breeders like horse and birds require more light hours for growth, 
reproduction and production. 

 In short breeders like sheep and goat require less light hours for growth, reproduction 
and production. 

CHAPTER-49: ADAPTATION TO EXTREME CLIMATIC 
CONDITIONS 

Learning objectives 

 To make the students to learn about various species of animals surviving in the extreme 
climatic conditions. 

ADAPTATION TO EXTREME CLIMATIC CONDITIONS 

Dormancy 

 It is a general term for reduced body activities, including reduced metabolic rate. The 
types of dormancy are: 

o Sleep 
o Torpor 
o Hibernation & Winter Sleep 
o Estivation 

Sleep 

 It is studied intensively in human beings and other mammals and involves extensive 
adjustments in brain functions. In mammals slow wave sleep is associated with both the 
hypothalamic temperature sensitivity and a drop in body temperature as well as changes 
in respiratory and cardiovascular reflexes. 

 Human beings and many other mammals sleep for hours at a time. Many of the big 
carnivores (lions and tigers) sleep for as long as twenty hours a day especially after a 
meal. 

Torpor 

 It is a stage in which animals or birds make their metabolic activities to decline and 
reduce their body temperature e.g., Humming birds and small birds. They frequently 
feed to meet their high daytime metabolic activity and go into a stage of torpor during 
night when they cannot feed. This is an adaptive mechanism to maintain bodily activities 
to avoid running out of energy stores. 

  Before the animal becomes active, its body temperature rises as a result of a burst of 
metabolic activity especially through shivering or oxidation of brown fat stores or both. 
Several species of small mammals also undergo torpor but large mammals have too 
much thermal mass to cool down quickly for short periods of torpor. 

Hibernation & winter sleep 
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 If the period of torpor is prolonged for weeks or even several months in cold climates in a 
protected environment especially in higher animals it is known as hibernation and 
winter sleep. Example Bat, Ground squirrel, Dormouse, Woodchuck, Hedgehog, 
Groundhog (Marmoset) and Opossum are some of the animals that hibernate. During 
hibernation all the physiological functions continue at a reduced rate - heart rate, 
respiratory rate and metabolic rate decreases. Body temperature is lowered 
comparatively to a level compatible with survival for the speciesi. 

 The hibernating animals arouse from their dormant stage periodically example for self 
defense, urination etc., A protective mechanism against profound cooling exist i.e during 
hibernation arousal occurs if the body temperature declines to the level near freezing or 
when the environmental temperature falls below -2°C or rises above 30°C. 

 The ability of the hibernators to increase their body temperature from reduced level is 
facilitated by brown fat. Brown fat contributes 80% of the total heat production during 
the initial phase of awakening. It is found in the inguinal, auxiliary and sub scapular 
regions and around the deep blood vessels. Brown fat differs from white fat in that they 
have fat metabolizing enzymes. The cells of brown fat tissue are sympathetically 
innervated and are rich in mitochondria and cytochrome. They are extensively 
vascularised. The blood sugar in some hibernators is considerably lower during winter 
sleep and in all hibernators, the serum Mg 2+ is elevated during hibernation. 

Estivation 

 It is summer sleep seen in animals e.g., frog, crocodiles and alligators. When the animals 
are exposed to hot dry summer, they sleep. The physiological difference between 
estivation and hibernation is the inability of estivators to withstand low body 
temperature during dormancy. It is characterized by shallow torpor. Sleeping animals 
differ from estivating animals in that the estivating animals have prolonged periods with 
no visible respiratory movements, while animals, which are sleeping, have regular 
respiratory movements without periods of apnea. 

 Hibernators become quiescent during winter and aestivators become quiescent during 
summer. Hibernators are sometimes also aestivators. Hibernation is a method of 
avoiding the need for considerable quantities of food that are required to maintain 
summer levels of metabolism during winter. Aestivation avoids the difficulty of 
thermoregulation with high levels of metabolism during hot summer e.g., Desert rodents 
aestivate i.e. become dormant during hottest part of summer with a fall in body 
temperature, decreases metabolism and as a result a sparing of evaporative loss. 

FEVER, HYPERTHERMIA AND HYPOTHERMIA 

Fever 

 Fever may be defined as any condition of positive heat balance not solely due to food, 
exercise, or environment. Fever is disturbance of the normal equilibrium between 
thermo genesis and thermolysis. 

 Fever occurs in 3 stages: 
o I - stage: heat production is increased but heat loss mechanisms fail to eliminate 

the excess heat, and heat gain and heat loss is equal. 
o II- (mid) stage: once fever reaches to a particular height, body temperature is 

maintained at that high level; heat gain and heat loss are equal. 
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o III- (termination) stage: all the heat loss mechanisms are activated and they are 
able to bring the body temperature to normal. 

 Disease organisms, chemical pyrogens like dinitrophenols, thyroxine, surgery etc, may 
cause fever. Bacteria are found to produce endotoxins. These endotoxins (or exogenous 
pyrogens) induce a febrile response in man and animals. They are removed from the 
blood and inactivated by the reticulo-endothelial system. 

 The endotoxins induce a release of another agent-endopyrogen from the monocytes and 
tissue macrophages. These endopyrogens act on the thermo-regulatory centre and 
facilitate cold defense mechanisms and inhibit the heat loss mechanisms. Endopyrogen 
may also be released under certain non-infectious conditions. The endopyrogen is 
Interleukin-I (IL-I). The IL-I causes the release of prostaglandins in the hypothalamus. 
The PGs cause release of IL-II from the thermtregulatory center, which activates more T- 
lymphocytes into circulation to enchance, the defense capacity of the body by producing 
interferon. 

 The sensitivity of the hypothalamic temperature sensing neurons to these pyrogenic 
molecules leads to an elevation in the set point to a higher temperature than the normal. 
The result is thus body temperature1 rises several degrees and the animal experiences 
fever. 

 During the development of fever, the heat balance is positive due to increased heat 
production. Later, when the body temperature reaches a certain height, the balance 
between heat loss and heat production is restored, and the temperature is again precisely 
regulated at the new high level. Under these conditions, there is still an increased heat 
production, but this may be only secondary to the elevated temperature, since the 
velocity of the biochemical reactions follows von't Hoffs Law and increases 2 to 3 times 
for a temperature rise of 10°C. A rise of 1°C in body temperature should therefore, cause 
an increase of 10 to 20% in the basal metabolism. Humans can tolerate a temperature 
limit of about 107 to 110°F. The elevated metabolic rate during the steady state of fever 
may be more the result than the cause of high temperature. With termination fever, 
various heat loss mechanisms are activated and heat balance is restored to its normal 
level. 

 Fever is beneficial in many diseases. The rise in body temperature is to confer protection 
to the animal against bacterial infection. The protection is provided in 2 forms: 

o The antiviral and antitumor agent interferon is more effective at higher 
temperature. 

o Elevated temperature also diminishes the growth of the microbes. 

View animation 

Hyperthermia 

 It is characteristic of heat stroke and develops when the heat production exceeds the 
evaporative capacity of the environment, or when the evaporative mechanisms become 
impaired because of loss of body fluid and reduced blood volume. 

 The core body temperature increases and there is a decrease in heat loss and increase in 
heat gain but the set point of the body thermostat is not altered. Here antipyretics are 
ineffective and a reversal of body temperature can be achieved only by whole body 
cooling. 

 Nonfebrile hyperthermia may also develop in response to drugs that impair the heat 
dissipation mechanisms and drastically increase the metabolic rate. E.g., genetically 
determined malignant hyperthermia seen in swines and humans. 

http://www.elearnvet.net/moodle/file.php/40/Animation-Dr.Logu/Fever.swf
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 The malignant hyperthermia can be triggered by inhalation anaesthetics and muscle 
relaxants that cause an abnormal increase of myoplasmic calcium concentration followed 
by a drastic rise in muscle metabolism and heat production. Once developed malignant 
hyperthermia is lethal unless intense body cooling is initiated. 

Hypothermia 

 Hypothermia is a reduction of deep body temperature below normal in non-hibernating 
animals. It usually develops because of exhaustion of the metabolic cold defense 
mechanisms. 

 Shivering may persist for a long time, causing depletion of skeletal muscle and liver 
glycogen reserves and also a fall in the glycogen content of cardiac muscle. There is a 
gradual slowing of heart and haernoconcentration occurs as a result of shift of fluid from 
the blood to the tissues. 

 The lethal low level of body temperature varies among individuals and species. In 
humans and in dogs, cardiac arrest followed by respiratory depression and death may 
occur at a rectal temperature of 25°C. 

COLD STRESS 

 Environmental temperature has a direct effect on the animal's energy expenditure and 
voluntary food intake and hence affects the production performance of animals. The 
environmental temperature range in which the heat loss from the animal is minimal is 
known as the thermo neutral zone; the lower limit of this range is called lower critical 
temperature (LCT). Below LCT the animal has to increase heat production to maintain 
heat production to maintain homeothermy leading to reduction in conversion efficiency 
of feed to animal products . 

 The newborn are more susceptible to cold. In heavier animals, cold is not much of a 
problem as they are fed ad libitum. 2 to 3 days following birth is the most critical period 
for the survival of new born animals. 

Effect of cold on production 

 Growth 
o Cold exposed animals increase feed intake to meet the increased energy 

expenditure. In pigs, a decrease in temperature from LCT (20-25°C) by 1°C is 
associated with 1.5% increase in feed intake; growth rate remains almost constant 
between 8 and 20°C. In birds also, within a temperature range of 7-22°C, growth 
of cattle is less obvious. 

 Production 
o Milk production and composition is constant over a temperature range of 0 to 

21°C. However, milk production may be reduced due to reduced availability of 
feed during cold season. In laying hens, at temperatures between 10 and 28°C, 
the egg weight is increased with improved shell quality; egg production is not 
affected; however, feed required per egg is higher. 

Meat quality 
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 Prolonged exposure to cold in pigs under restricted feeding conditions results in leaner 
carcass; with ad libitum feeding, no effect is observed. In broilers, ad libitum feeding 
produces leaner carcass. 

Heat stress 

 Heat is the major constraint on the animal productivity in tropics. Growth and 
production are impaired during heat stress. 

 As the ambient temperature increases, heat loss in animals is enhanced through 
respiration, evaporation of sweat, and by panting. When these mechanisms are not able 
to maintain homeothermy, the animal reduces heat production, feed consumption and 
secretion of thermogenic hormones are decreased to lower* the basal metabolism and 
these effects lead to decline in productivity. If all these mechanisms fail to balance the 
excessive heat load, the body temperature rises and the animal enters into an acute 
phase of heat stress. If the exposure to heat is prolonged further, a rapid acclimation 
takes place and the animal returns to chronic phase of heat stress. Productivity in this 
phase will be higher than the acute phase but lower than the normal productivity. 

Effect of heat on production 

 Appetite 
o During heat exposure, feed consumption is depressed. The peripheral warmth 

receptors transmit impulses to the hypothalamic appetite centre to decrease the 
feed consumption; this reduces heat load. Hypothalamic releasing factors are 
suppressed with decrease in pituitary hormones; insulin and thyroxine levels also 
decrease. Metabolic pathways slow down; protein synthesis reduces negative 
nitrogen balance. 

 Animal production 
o Growth 

 Growth performance - growth rate and daily weight gain are impaired at 
elevated temperature; these are caused by decreased feed intake, 
decreased anabolic activity (due to decreased voluntary feed intake of 
nutrients) and increase in catabolism mainly occurring in fat depots. In 
Brahman cattle, there may be increase in body weight with raising 
environmental temperature. 

 Milk production 
o Milk Yield in cows is unaffected within a temperature range of 0 to 21° C. Milk 

production is impaired in cows in hot climate. A rise in temperature by 1.6°C 
above normal (21°C), decreases milk yields by 4.5%. The reduction in milk yield is 
greater in high producing than in low producing cows. Total solids, fat protein, 
ash and lactose are lowered during hyperthermia in high producing animals 
maintained at 38 C. 

o The decrease in yield and constituents of milk during exposure to high 
environmental temperature may de due to decline in protein, carbohydrate, lipid, 
mineral and vitamin metabolism leading to negative nitrogen balance. Many 
hormones like insulin, thyroxin and cortisol also decline and may decreases milk 
yield. 

 Reproduction 
o In males, high environmental temperature exerts a negative effect on sexual 

libido, despite the thermoregulatory mechanism of testes. Semen fertility and 
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spermatogenesis are reduced, and semen volume is also reduced. These effects 
reduce male fertility. 

o The detrimental effects of temperature on reproductive performance of cow are 
caused by the external temperature acting through thermoreceptors, 
photoreceptors, hypothalamus, CNS, endocrine glands and gonads. During heat 
stress,  less gonadotropin production leads reproductive failure. Reduced thyroid 
activity also affects the reproduction. Deficiency in minerals - P, Cu, Co, I, Zn and 
vitamin A in heat stressed cows also affects reproduction. 

Egg production in birds 

 Egg production in birds is not reduced. Exposure to temperature of 38°C decreases both 
the egg weight and shell quality. 

 Fertility  and  hatchability  of the   eggs   are   decreased  by  high  temperature. 
 Blastoderm viability is optimum between 10 and 12°C for weeks.   At 27°C, hatchability 

of eggs is decreased. 

ADAPTATION TO HIGH ALTITUDE 

 High altitude refers to a height of 7500ft or more above mean sea level. Animals living at 
this altitude suffer from a condition known as mountain sickness. The symptoms seen 
are distress and generalized fatigue, disturbances in the circulatory, respiratory and 
reproductive systems and acid base balance disturbances. 

Circulatory disturbances 

 Increase in blood volume, erythrocyte count (polycythemia) 
 Increased heart rate and decrease in haemoglobin -O2 saturation (73%), increased 

viscosity of the blood- heart has to pump very hard, decreased cardiac output. 

Respiratory disturbances 

 Increased rate and depth of respiration. 
 In extreme altitudes cheyne-stokes breathing is noticed. Acid-base disturbances 
 Decreased CO2 level in blood with increase in pH. Reproductive disturbances 
 Generally in females fertility is not affected. 
 Sheep are less susceptible to high altitude than cattle. 
 Horses are more susceptible. 
 Mules are best adapted to high altitude 
 In rabbits and rats male reproduction is affected i.e., testicles become atrophied and 

germinal epithelium is replaced by connective tissue and spermatogenesis is inhibited. 
This process can be reversed if these animals are brought back. 

Species specific symptoms at high altitude 

 Dogs: more affected with mountain sickness, symptoms include sleepiness, vomiting, 
laboured breathing, muscle weakness and unable to stand. These symptoms are reversed 
after acclimatization at high altitude. 

 Cattle: Brisket disease (Right heart failure) 
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Adaptation at lower altitude 

 The physiological changes at lower altitude occur in under water diving, in mines and in 
tunnels. There is high pressure in lower altitude and is called as hyperbarism. 

 Physiological effects of hyperbarism 
o Building up of CO2, the levels may go up to 3% and in extreme cases may go up to 

10%. This high level acts directly on the brain and causes narcosis leading to 
unconsciousness. 

o O2 supply to tissues is reduced due to low atmospheric O2 content. 
o High pressure on the body especially on the thorax. 
o More of N2 gets dissolved iri the 'blood, which acts at brain level leading to 

nitrogen narcosis. Initially there will be convulsions with seizures finally causing 
unconsciousness. 

Decompression sickness or dysbarism 

 This condition is seen when animals are taken from lower altitude to a higher altitude. 
Dysbarism is also known as Bends, Caisson's disease, Divers paralysis. This is mainly 
caused by N2. 

 When the animals ascend to high altitude, N2 escapes from the dissolved state in the 
blood by forming bubbles- small N2 bubbles cause pain and nerve block where as large 
bubbles cause air embolism, pulmonary edema and brain damage. 

 Bends is a condition of joint pain usually in the legs, arm and neck region. 

CHAPTER-50: ANIMAL BEHAVIOR 

Learning objectives 

 This chapter decribes the information on meaning and physiological concept of 
behaviour (ethology). 

ANIMAL BEHAVIOUR 

 Behaviour is the reaction of animals to a stimulus or it is the manner in which the 
animals reacts with its environment. Each individual or a species react to the same 
stimulus in a different manner. 

 The behaviour of animals as a species determines their ability to survive in the wild 
state. 

 The study of animal behaviour in their natural habitat is known as Ethology. 
 The behaviour of livestock to a stimulus is of particular importance to the producer. 

The livestock producer can know with some accuracy how an animal is going to react 
in a particular circumstance, what makes it to act in that particular way and how the 
expected reaction can be changed to obtain best result. This will help to produce 
more efficient breeding, feeding and management of farm animals. 

 Behavioural patterns influence decisions on size and shape of pasture, number of 
animals to run peer group, placing watering facilities or type of grazing. 

Uses of studying behaviour 
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 It is an indicator of health and welfare. 
 Enable to design housing and husbandry systems for the animals. 
 To design the size and shape of the pasture, number of animals that can be kept in a 

group, type of grazing, watering facilities etc. 
 For training the animals. 

PHYSIOLOGICAL CONCEPT OF BEHAVIOUR 

 Behavior is regulated by both the nervous system and the endocrine system.  View 
animation  

Nervous system 

 The chief function of the brain, spinal cord and peripheral nerves is production of 
behaviour. Information about the internal and external factors of animal is transmitted 
through a range of receptors (exteroceptors or interoceptors) to the CNS. From the CNS 
through specific neurons they reach the glands and muscles leading to expression of 
behaviour. The stimuli for a particular behavior may be chemical, mechanical or thermal. 

o Cerebral cortex 
 Cerebral cortex have localized regions where sensory impulses are 

received and redirected. They possess four main sensory areas: 
 Somesthetic /body sense area- receive nerve impulses from many 

parts of the area. 
 Visual area- receive nerve impulses from the retina to the optical 

nerve to the occipital part of the cerebrum 
 Auditory area- located in the temporal lobe of the cortex and is 

involved in hearing. 
 Olfactory area- deals with smell and plays an important role in 

breeding behaviour. 
 Apart from this, nerve impulses are also received into the brain via 

reticular activating system. Storage of information, learning, thought and 
conscious control movement. 

o Hypothalamus 
 Cerebral cortex inter relates closely with the hypothalamus. Some of the 

regions of the cortex directly communicate with the hypothalamus. It is 
involved in anger, excitement, sexual activities, pleasure and hunger. 
Much of the influence of hypothalamic activity is directed at the 
production of hormones from the pituitary gland. 

o Brain stem 
 It regulates subconscious activities necessary to maintain life-B.P, heart 

rate, respiration, and co-ordination of movement. 

Endocrine system 

 It regulates metabolism, reproductive cycles, broodiness etc. The various hormones 
involved are: 

o Pituitary gland 
 The hormones involved are 

 Anterior pituitary- gonadotropic hormones- FSH and LH 
 Posterior pituitary- Oxytocin 

http://www.elearnvet.net/moodle/file.php/40/Animation-Dr.Logu/Neuro-endocrine_mechanism.swf
http://www.elearnvet.net/moodle/file.php/40/Animation-Dr.Logu/Neuro-endocrine_mechanism.swf
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o Thyroid gland 
 Thyroxine is involved in metabolism, and is important in the regulation of 

maternal activities, female cyclic sexual activities and sex drive in both the 
sexes. 

o Adrenal gland 
 Androgen secreted from the adrenal cortex are important in male 

reproduction. Adrenaline secreted from the medulla is involved in threat 
behaviour, fight or flight behavior, fighting among the males and in 
maternal protective behaviour. 

o Sex organs 
 Testes- Testosterone is involved in typical male behaviour. Ovary- 

Estrogen is involved in typical female behaviour. 
o Pineal gland 

 Melatorin regulates the cyclic breeding behaviour. 

CAUSE OF BEHAVIOUR 

 Behaviour is a result of the sum of all the muscle contractions and hormonal secretions. 
It is due to the interaction of nervous system with the external and internal conditions. 

 Most of them genetically programmed while certain behaviours are stereotyped that is 
they cannot be changed. 

 Behavioural responses in animals are determined by heredity or internal factors and by 
external factors or learning experiences. Some responses are caused by interaction 
between these two factors. 

 Breeds of horses have been developed for running, pacing or for draft purposes but a 
single breed does not excel in all three. This emphasizes that certain inherited factors 
must be present before an animal can learn from experience to excel in a given area. 

 Heredity 
o Produces behavioural responses in several ways. It can affect the growth and 

development of many body parts like sensory and/or motor organs. All animals 
including humans have almost the same components of brain, but only a few 
species (e.g. parrot) can be taught to speak a human language. Hence, an animal 
can show only those behavioural responses for which it has appropriate neural 
mechanisms. 

 Learning and experience/ external factors 
o Certain behaviours will be inherently present at birth. These are called as Instinct 

or reflexes. These are behaviours will be exhibited by the animals in the absence 
of opportunity to learn e.g., ability of animals to swim without learning; maternal 
behaviour etc. 

 Animals are divided into two groups based on the instinct: 
o Precocious: Animals which have skills and abilities at birth itself, they are able to 

get up and walk immediately after birth e.g., calf, lambs. 
o Altricial: Newly born and helpless e.g., rats, rabbits. 

 These instinctive behaviours can be modified by experience called as learning. E.g., 
Many birds possess nest-building capacity, but the quality of nest building improves with 
succeeding attempts-due to learning. 

CHAPTER-51: LEARNING, INTELIGENCE AND MOTIVATION 

Learning objectives 
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 To make the students to know about different terms related with behavioural physiology. 

LEARNING 

 It is a process, which produces adaptive changes in individual behaviour as a result 
of experience. 

 Various types of learning are 

Habituation 

 It is the simplest type of learning. It is the permanent weakening of a response as a 
result of repeated stimulation unaccompanied by reinforcement. 

 In this, the animal will learn not to respond to irrelevant stimuli, i.e., upon repeated 
exposure to a stimulus, the animal gradually decreases its natural response until it 
may disappear entirely. Thus an animal will orient towards a moderate sound but 
with each successive exposure, its orientation is less and less until it orients no 
longer. 

Conditioning (Associative learning) 

 It is classified into two types 
o Classical conditioning 
o Instrument or operant conditioning 

Classical conditioning 

 Classical conditioning is that the animal learns to respond to an artificial stimulus 
(conditioned stimulus) in the same way (conditioned response) as for the normal of 
natural stimulus (unconditioned stimulus). E.g. the classical Pavlov experiment with 
ringing of bell when he fed meat to a dog, which eventually produced saliva with the 
sound of the bell alone without seeing, smelling or tasting the meat, because the 
animals are conditioned to perform reflex activity. This type of learning is the basis 
of training the farm animals. E.g. lactating cows learn to "let-down" milk when they 
enter the milking area. 

Instrument or operant conditioning/ Trial and error learning 

 In this type the animal learns by associating its own behaviour with the particular 
outcome in its own environmente.g., if the outcome is rewarding- access to food, the 
animal repeat the behaviour that resulted in food access. 

 It therefore learns a conditioned response to obtain food. When animals are 
rewarded when they perform certain behaviour correctly (positive reinforcement) or 
are punished when they do it incorrectly, they associate the behaviour with the 
results. 

 Animals learn to stay away from electric fence when they touch it and receive shock 
(Avoidance behavior). A behaviour that is learned by reward will be eliminated if the 
reward is withheld for a long time, which is called as extinction. 
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Insight learning (Reasoning) 

 It is mostly prevalent in higher mammals. It is the ability to respond correctly at the 
first time when an animal encounters a certain situation; it enables the animals to 
solve a new problem by reasoning without trial and error. 

 Severe malnutrition is very early life can result in life-long behavioural modifications 
- retarded ability to solve complex problems. 

Imprinting 

 It is seen most clearly in birds like chickens, ducks, geese and turkeys during their 
early period of their lives following hatching. 

 E.g., after hatching, the chicks will have a tendency to approach and follow their 
mother based on her vocalization where as in other animals it is based on olfactional 
clues from the mother. 

 The imprinting usually can occur within 36 h following hatching. If the bird is not 
imprinted with in the few days of hatching, it may never imprint at all. 

 

INTELLIGENCE 

 It is the ability of animals to adjust to certain situations successfully (or 
organization of behaviour, i.e. the ability to learn from experience and solve 
problems). 

 Degree of intelligence varies with species and among the individuals of the same 
species. 

 Primates are most intelligent mammals followed by carnivores, ungulates or 
grazing animals (cattle, elephants, horse and swine) in the order. 

 Memory plays an important role in determining intelligence. There are two types 
of memory . 1.Short term  memory and  2. Long term memory. Memory is related 
to protein synthesis in the brain. 

MOTIVATION 

 Motivation is the drive or tendency to respond in a particular manner. Hypothalamus of 
the CNS controls many types of behaviours; e.g. hunger, thirst, sex drives etc. 

 Motivation often arises as a reflex response to cues or signals that correspond. e.g., to a 
prey an enemy or a social or sexual partner. Other factors that affect motivation are level 
of arousal, level of autonomic activity, hormone levels and emotion producing functions 
within the limbic system. 

 Motivation usually leads to a certain goal directed behaviours. e.g., if there is a drive for 
quenching thirst, an animal will go in search of water, if water is found, the goal is 
reached and water is consumed. Therefore the drive for water is reduced. 

 Many of these drives are expressions of physiological regulatory systems e.g., in body 
water regulation, a rise in osmolality will be detected by the osmosensitive neurons in 
the hypothalamus which activates the water conservative mechanisms and triggers the 
drive of thirst. 
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CHAPTER-52: TYPES OF BEHAVIOUR 

Learning objectives 

 To learn different types of behavioural responses exhibited by the animals in their life 
time. 

INGESTIVE BEHAVIOUR 

 This includes eating and drinking and it is closely related to the growth  and health of 
animals. 

Feeding behaviour 

 Various species chew their food in different in different ways: 
o Rabbits and rodents chew their food with their sharp incisor teeth. 
o Ungulates use their tongue, lips and teeth during feeding. 
o Cattle mostly use their tongue to encircle the grass and pull it into their mouth. 
o Sheep graze more closely than goatbecause of the flexibility of their upper cleft 

lip. 
o Carnivores gulp down their food. 

 Special feeding patterns  which are seen characteristic to certain species: 
o Rabbits are coprophagus 
o Dogs bury or carry bones from one place to the other. Pigs root and turn over the 

soil. 
o Social influences also affect the feeding in that group feeding will tend to eat 

more and dominance relationships often develop causing dominant animals to 
eat more than subordinate animals. 

Grazing behaviour 

 Grazing animals eat the tender parts of the plants and reject the coarser parts. They first 
eat the plants which are more desirable ,then they will graze the less desirable ones. 

 Most grazing animals do not eat poisonous plants when forage supply is adequate, but 
when overgrazing is practiced, they may consume poisonous weeds. 

 Cattle and sheep graze mostly during daylight. If the day temperature is very high, cattle 
will graze more at night. Grazing species functions as social unit. 

 Goats are browsers and have no bitter taste receptors and enjoy a variety of plants. 
 Cattle graze about 3 miles per day. Zebu cattle graze longer and travel farther than 

European cattle.   Sheep travel - about 3 to 8 miles per day. 

Rumination behavior 

 Calves will start ruminating as soon as they start eating grass or hay. 
 Rumination can occur during standing or walking but more prominent when lying down 

and they do not ruminate while asleep 

Dietary selection/ nutrient selection 
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 Smell and taste usually affects the palatability and consumption of foodstuffs. E.g., If 
given a choice, pigs usually select a nutritionally adequate diet. In most of the species 
intake of sodium is well regulated. 

 Decrease in sodium in the blood leads to an increase in appetite for sodium. In case of 
phosphorus deficiency, cattle, which graze on phosphorus poor land, may eat bones of 
dead animals. 

 Certain aversions also develop, e.g., Bait shyness of rats. Rats that survive after eating 
poisoned bait will refuse to eat the bait again. In birds food intake is mostly determined 
by vision. 

 Young animals are more likely to learn to adapt to a new feed than the adults. 

COMMUNICATION BEHAVIOUR 

 Animals communicate with each other by means of visual, auditory and chemical 
communication systems. The ways of communication are: 

o Visual 
 Some of the behavioural responses to visual stimuli are genetic, e.g. hens 

will crouch in fear when they see a flying image resembling hawk. 
 Some visual responses are learned -animals hurry towards feed trough 

when a person approaches them during the anticipated time of feeding; 
sexual attraction of females birds to the colorful plumage of males. 

o Auditory 
 Sound is an important means of communication. Female farm animals 

respond to the distress calls of their young. Bats use ultrasound 
echolocation to fly in dark. 

 Auditory communication has advantages - sounds can travel around 
corners and can be readily detected. 

o Chemicals 
 Olfaction is a kind of chemical communication. The stimuli can travel 

over long distances and are not affected by visual or auditory conditions 
and messages conveyed are highly specific. 

 Olfactory bulb plays a special role. 

Pheromones 

 These are chemicals secreted by one animal and influence the behaviour of another 
animal. Territorial marking behaviour of many mammals depends on pheromones 
released through urine or glands, e.g., territorial boundaries marked by dogs. 

 One well-known pheromone of mammals is n-butyl mercaptan of the skunk. 
 Pheromones generally modulate sexual behaviour e.g., attraction of male dogs to bitches 

in estrus. They accelerate puberty in young rodents and regulate maternal behaviour 
(rejection of newborn of another animals by a mother). 

 Olfactory mucosa and vomeronasal organs play an important role in detecting 
pheromones. The species -specific curling of the upper lip known as flehmen helps in 
detecting the pheromones by the VNO and it is commonly observed in cats and 
ungulates. 

SOCIAL BEHAVIOUR 
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 It deals with characters like aggressive/agonistic, gregarious and dominant 
behaviour. 

Agonistic (combat or aggressive) behaviour 

 This behaviour involves self defense (submission), offence (aggression), escape and 
passive activity. Males are more likely to fight than females, but females also exhibit 
fighting behaviour under certain circumstances. Castrated males are submissive, 
which indicates the involvement of testosterone in this type of behaviour. 

 Threat gesture at times help to prevent actual fighting and body damage; e.g. barring 
of teeth by the dogs, pawing of the ground by angry bulls. The response to aggressive 
behaviour evokes counter aggression or appeasement signals. Dogs signal 
appeasement by rolling over and spreading the hind legs to expose abdomen. 

 Bulls, boars, rams and stallions that live together from a very young age seldom fight 
because they have settled their social rank among themselves. In a group of young 
bulls, many will drive a single animal to death, if-he is not removed from the group - 
this phenomenon is called as butter syndrome. 

 When two sexually mature males of the same species are bought together, it will 
always result in fight. Sometimes one becomes submissive after a short fight, at other 
times fighting becomes intense, which may lead to injury to one or both or even 
death of one. 

 The aggressive behaviour involves limbic system areas like hypothalamus and 
amygdala. 

 

Gregarious behaviour 

 This behaviour indicates preference to live in flocks or herds observed in certain 
species. It is advantageous in detecting enemy and to obtain food especially in the 
wild state. 

 Cattle roam in group of various sizes depending on the size of pasture. Cattle breed 
promiscuously (engaging in sexual intercourse indiscriminately). 

 Sheep have a tendency to run in flocks and usually follow a leader, which can be an 
older ewe. 

 Swine are gregarious in nature in the wild, but in confinement, this behaviour is not 
well observed.   
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Social dominance 

 Within a group of gregarious animal species, there is a well-organised social rank 
order. One individual is dominant over all others; while others are ranked as second, 
third so on down to one, which is subordinate to all. This order is seen in all species 
of farm animals; since males are kept away from females, the social rank order is 
important only in females. 

 The social rank order is called peck order in chickens. When two strange hens meet 
for the first time, they fight vigorously, till one hen finally runs away, ending the 
fight; this fighting goes on whenever they meet again until one becomes subordinate 
to the other dominant hen. If a rooster is allowed into a flock of hens, the rooster 
assumes command of the flock, followed by the usual hierarchy among the hens. 

 Social rank affects food consumption; when feed is limited, the dominant individual 
get more than its share of feed and the subordinates starve and perform, 
inefficiently. Amygdala is involved in determining social ranking. 

 Several factors influence social rank order. When a male chicken is castrated, it goes 
to the bottom of the rank; injection of testosterone of hens enhances its social rank. 
Age also increases the social rank and young ones have a low rank. In cattle, size, 
weight and aggressiveness also influence the ranking. The social dominance is 
heritable. 

SEXUAL BEHAVIOUR 

 This behaviour mainly involves courtship and mating. Hormones mainly control it 
though some amount of psychological (learned) factors is also involved. 

 Female farm animals are restless during estrus (heat) and have intense sexual desire. 
Mares in estrus sequel and urinate profusely. Cows and sows will stand when mounted 
by other females (this behaviour is not exhibited by mares and ewes). 

 Males detect females in heat by sight or smell. Courtship behaviour involves a linked 
sequence of stereotyped behaviours, e.g. mating behaviour of a bull begins with his 
approaching the genital area of a female (probably in response to pheromones), nuzzles 
the vulva and the underside of tail, which elicits urination in the 4ow. The bull then licks 
the vulva, the underside of the tail followed by flehmen behaviour. In response, the cow 
signals her willingness to be mounted. Sexual behaviour is influenced by social 
facilitation; members of the opposite sex stimulate each other hormonally. 
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 The stallion bites or teases the mare in heat, preparatory to mating. The boar nudges the 
sow around the: head and nose and "grunts". The rooster will spread one of his wings 
and perform a dancing act before the hen. 

 Male sexual behaviour is influenced by the social environment, sensory ability and sexual 
stimuli and testosterone. Female are sexually active during estrus and it is regulated by 
estrogen. During proestrus and estrus of dogs, vaginal secretions contain pheromones 
called as methyl-p-hydroxy benzoate, which is responsible for attraction of males. 

 Boar taint- urine of boar contains 5d androsterone. This causes the sows in estrus to 
assume a reflex known as rigidity reflex- mating posture in sows. 

View animation  

Pheromones are the cause of two classic phenomena in mice 

 Whitten Effect 
o When a male mouse is introduced into a group of female mice, it causes 

synchronization of estrus because of release of GnRH. 
 Bruce Effect 

o When a male mouse is introduced into a cage of an already bred mouse it leads to 
failure of pregnancy because introduction of male mouse blocks the release of 
prolactin. 

 In domestic animals similar to the Whitten effect, Ram effect is noticed. Introduction of 
a ram into a flock of anestrus ewes, leads to synchronization of estrus due to the release 
of GnRH. 

Physiological mechanism/neuroendocrine basis 

 

http://www.elearnvet.net/moodle/file.php/40/Animation-Dr.Logu/Sexual_behaviour.swf
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Role of nervous system in sexual behaviour 

 Hypothalamus- by releasing GnRH, regulates FSH and LH and, estrogen: as a part of 
limbic system, involved in regulating sexual behaviour. 

 Spinal cord and medulla- to maintain postural reflexes; mating posture during 
copulation. 

 Parasympathetic nervous system- involved in erection of penis and clitoris; 
parasympathetic nerves supply almost all reproductive organs. 

Motor patterns during courtship/mating/copulation 

 Sexual arousal 
 Sexual display 
 Erection 
 Penile protrusion 
 Mounting 
 Intromission 
 Ejaculation 
 Dismounting 
 Refractoriness 

 

 Sexual behaviour in males 
o Sniffing, licking the female, Flehmen reaction, nuzzling-rubbing the female body 

surface with nose 
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 Sexual behaviour in females 
o During estrus- restless, loss of appetite, attempting to mount, bellowing Sniffing- 

particularly the scrotal region of male Mating posture- allow the males to mount 

Species-specific characters 

 Cow and goats- bellowing and bleating; mount on other animals and allow other animals 
to mount; goat turns its head back during mounting; sheep - flattening of tail and also 
turns itsfoack. 

 Sows - grunting sound produced from guttural pouch; lordosis- binding the back like an 
arch is the mounting posture specific in pigs; cocking(erection) of ears are seen. 

 Mares - frequent urination, winking of vulva and clitoris, vaginal mucus exudation 

Duration of courtship and copulation 

 Sheep- less than a second to few seconds. 
 Cattle- few seconds 
 Horse- 40 seconds 
 Pigs- 2-5 minutes (minimum) to 20-30 minutes (maximum) 

Factors affecting sexual behaviour 

 Breed end strain affect genetic factors - variation in libido. 
 Physiological factors- These are determined during fetal and postnatal life depending on 

neflnatal androgen. 
 Environmental factors- These have more effect on male than the female. Males become 

more active when new females are introduced in a herd. Season and climate affect the 
sexual behaviour. Sexual drive is less during the hot climate. 

 Previous experiences 

Abnormal estrus patterns 
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 Nymphomania - also called "Buller cow"- cow acts like bull. It is a hereditary- disorder in 
cattle; cystic follicles are common in this condition, which produces more estrogen 
leading to persistent estrus; voice and behaviour will be like male. 

 Split estrus - common in mares. There will be estrus for short period with interruptions. 
 Quite estrus - there will not be estrus signs but ovulation will occur and if inseminated it 

will conceive. 
 Prolonged estrus - also common in mares with prolonged estrus far. a period of 1-6 

weeks. 
 Weak estrus — estrus remains for a short period and conception rate is less. 

Abnormal sexual behaviour in males 

 Homosexuality - males exhibit mounting on male; common when young males/ are 
housed in pen 

 Hypersexuality — increased sexual activity; increased frequency of copulation 
 Hyposexuality - few animals fail to mount and abnormality in ejaculatory patterns 
 Autoerotic behaviour - self sexual arousal; seen in stallions- it rubs its penis against 

hypogastrium; in bulls- pelvic movements of penis in and out of preputial orifice 
resulting in ejaculation 

MATERNAL BEHAVIOUR 

 Maternal behaviour begins shortly before birth and end after the young are weaned. This 
behaviour varies among different farm animals. 

 In the cows after the young is born the mother rises, inspects and starts licking to clean 
the calf s hair coat clean and shiny, removes the placenta and starts to nurse the calf. The 
mother is possessive with her young during the nursing period. If the calf encounters any 
trouble, the mother comes to its rescue, and may even injure a person who comes too 
close. 

 The mother and young uses visual, tactile, taste and olfactory communications to 
identify each other. At the time of weaning, the cow and calf bellows almost continuously 
for 2 or 3 days after which they become quite. After several days of separation, the bond 
between them is severed and they show no sign of recognition. 

 Before parturition, the sow prepares nest and marks an area contoured to her body. It 
lies in such a way that soon after birth, the piglets can easily approach the mammary 
gland. Some sows are nervous during farrowing and may eat piglets. Sows are very 
protective of their young and will defend them when they squeak. The sow emits sharp 
barking grunts in rapid succession, when an intruder approaches the sow . She cares for 
her young till weaning, and 2 to 3 days after weaning she loses interest in them. Sows 
will accept piglets from other litter, if placed with them during the first 1 or 2 days of 
farrowing . 

 Within few days after birth, each piglet in the litter locates a teat, and the same teat is 
used during the remaining period of nursing. Runt piglets get rear teats where 
availability of milk is lesser than the front teats. 

 The ewes after parturition lick the newborn lamb to clean it. The lamb staggers to its 
feet and try to find teat. The ewe stands quietly during this process. The lamb wags its 
tail during nursing. Ewe will accept and suckle orphan kids and vice versa. 

 In hens, broodiness (inclination to sit on eggs) is the maternal behaviour and it is 
inherited. It is influenced by prolactin. Broody hen will sit on nest with eggs or even 
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without eggs and they spend very little time to obtain food or water during the 
incubation period. 

View animation  

Abnormal maternal behaviour 

 Cannibalism - common in carnivores and birds 
 Placentophagy - common in herbivores and carnivores, absent in horses and camels 
 Stealing the young ones - is common in sheep, when a ewe is in prepartum it will have a 

strong maternal motivation which makes it to steal the young ones of other ewes. 

THERMOREGULATORY BEHAVIOUR 

 These behaviours are controlled by hypothalamus. 

Hot weather adjustments 

 Animals seek out comfortable environments. E.g., Grazing cattle seek out shade; camels 
alter their body orientation to minimize sun exposure; animals can reduce their 
metabolic heat by decreasing food intake. 

Cold weather adjustments 

 Young animals huddle against each other and against their mother to conserve heat 
when exposed to cold. Such behaviour leads to social attachment. 

CHAPTER-53: BIOLOGICAL RHYTHMS 

Learning objectives 

 To study about meaning of the biological rhythms and their related terms with examples. 

CIRCADIAN RHYTHM 

Biological rhythms 

 Most of the animals can measure the time of the day accurately. The biological clock is an 
integral part of animal physiology. Environmental factors by acting on the organisms set 
at the clock. 

 Many physiological processes vary according to the time of the day. 
 Daily variations observed in physiological processes are variation in behaviour, body 

temperature, heart rate and secretions of G.I. tract and endocrine glands. 

Circadian rhythm 

http://www.elearnvet.net/moodle/file.php/40/Animation-Dr.Logu/Maternal_behaviour_R_.swf
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 It is the biological rhythm occurring every 24 hours. It consists of circadian period in 
constant conditions i.e., the duration of light and darkness is not altered. Circadian 
rhythm is self-generated or endogenous in nature. 

 Circadian period or the period of rhythm is also called as FRP- Free Running Period. The 
self-generated or endogenous nature of the rhythm mainly depends on light intensity 
and temperature. 

 Most FRP do not differ from 24-hour period by more than 1 or 2 hours on either side. 
Such periods are referred to as circadian (about a day); biological rhythms, which have 
circadian periods, are called circadian rhythms. 

Factors influencing circadian rhythm 

 Light signal, light cycle, day light or photoperiod. 
 Temperature 
 Bird song 
 Social interaction 
 Other poorly defined factors like psychological factors and social factors in humans. 

Free running period 

 It varies according to species and the magnitude of FRP depends upon the intensity of 
light- it varies by few minutes in different species. 

 Squirrels- 23-24.3 h; sparrow- 24.3-26.2h; mice- 25h; birds- 23.3h 
 Aschoff s rule- Increase in light intensity causes lengthening of FRP in nocturnal animals 

and increase in light intensity shortens FRP in diurnal animals. 
 In birds and mice if providing 100-lux candlelight increases the light intensity, the FRP 

in mice is increased to 25.6h from 25h whereas in bids it is reduced to 22.2h from 23.3h. 
 Pineal gland is involved in regulating circadian rhythm. It is called as the natural clock, 

internal physiological clock or internal clock. Photoperiod acts on the animal through the 
pineal gland; it contains serotonin, which is the precursor for melatonin synthesis by the 
enzyme hydroxyl indole methyl transferase. 

 Melatonin is released only at limited intervals and depends on photoperiod(day length); 
light inhibits melatonin production and blood concentration of melatonin is found 
during dark(night). Melatonin inhibits gonadal function. During long days, reproductive 
processes are augmented. Long days promote egg production in chicken. 

Other changes taking place during circadian rhythm 

 ACTH secretion is increased before awakening 
 STH is more during early hours of sleep. Cattle will not sleep for long hours; i.e. from 

midnight to dawn, cattle remains in a quiescent state. 

Jet lag sickness 

 It is also known as time zone effect or pilot's fatigue. It is the disturbing effect in the 
circadian rhythm due to flying over long distances covering different zones. E.g., a flight 
leaves New York at 7 pm and arrives in Amsterdam at 1 am. That person is ready for 
sleep but the local time is 7am and he loses one night sleep. This disturbing effect is jet 
lag sickness. 

o Circadian rhythm: Biological activities which are taking place over a day. 
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o Diurnal rhythm: activities taking placej at a particular time of the day 
o Ulradian rhythm: rhythm taking place for a short time in a day 
o Intradian rhythm: rhythm that will take more than a day to occur but less than a 

year. 

 


