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Unit 1

Blood constituents — Properties and functions, Blood cell formation,
Haemoglobin synthesis and chemistry, Plasma proteins production,
classification and properties, Coagulation of blood; anticoagulants,
Haemorrhagic disorders, and Blood groups, Blood volume, Plasma expanders,
Buffer systems in blood, Biochemical tests and their significance in disease
diagnosis.
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UPSC PYQs

Discuss the regulation of blood PH during the resting and working phases in draught
animals? (2012)

Define anticoagulants and describe their mode of action and practical implications? (2013)
Describe the process of blood circulation. What are the various factors that influence the
coagulation process in the animal system? (2014)

Write the general functions of blood in an animal body? (2015)

Enlist different blood proteins and describe their functions in brief. What organs of the
body play a crucial role in blood-protein biosynthesis? (2016)

Write the general functions of blood in an animal body? (2017)

Describe the mechanism of regulation of blood clotting and fibrinolysis by vascular
endothelium? (2017)

Mention different haemato biochemical tests in relation to disease diagnosis in animals?
(2018)

Explain the process of erythropoiesis in animals? (2021)

Discuss about the mechanism of blood coagulation in pigs? (2021)

Describe the various factors which affect hematopoiesis in animals? (2022)

Describe the physiological role of blood vessels of animals? (2022)

Discuss the physiological functions of plasma proteins in animals? (2023)

Enlist haemorrhagic disorders in animals and describe congenital thrombocytopenia in
dogs? (2023)



Blood circulation

Blood circulation delivers oxygen and nutrients, removes waste.
1. Systemic circulation:

Systemic circulation refers to the circulation of oxygenated blood from the heart to the
body's tissues and the return of deoxygenated blood to the heart.

2. Pulmonary circulation:

Pulmonary circulation refers to the circulation of blood between the heart and the lungs.
It allows for the exchange of gasses, particularly oxygen and carbon dioxide, between
the bloodstream and the respiratory system.
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Pulmonary
circulation

l

Systole in Right ventricle

Pulmonary Artery

|

Arterioles

l

Capillaries

l

Lungs: Alveoli

l

Pulmonary Venules

l

Pulmonary Veins

l

Left Atrium



Systemetic & Pulmonary circulation

Oxygen ==y > Carbon dioxide
f___.»* Pulmonary
S circulation

=

= B
g B
z
3 &
g Heart
& /

(\ena 8

cavae [

Right
LN venliricle

N Systemic
L1 circulation 4
Oxygen — “— Carbon dicxide




i W DNMR

Blood
constituents

Plasma

Red Blood Cells (Erythrocytes)
White Blood Cells (Leukocytes)
Platelets (Thrombocytes)
Serum



Plasma

Properties: Functions:
Yellowish fluid, ~55% of blood volume,

1. Transport: Carries nutrients, hormones, waste, and
mostly water (90%).

gases.

2. Blood Clotting: Contains clotting factors (e.g., fibrinogen).
Immunity: Contains antibodies and immune proteins.

4. Regulation: Maintains pH balance and electrolyte levels.



Red Blood Cells (Erythrocytes):

Properties:

Red blood cells are small,
biconcave discs that lack a
nucleus and most
organelles. Their red color
comes from the iron
containing protein called
hemoglobin.

Functions:
Oxygen Transport: Binds and
delivers oxygen to tissues.

Carbon Dioxide Transport:
Carries CO, from tissues to lungs.



White Blood Cells (Leukocytes)

Properties: Functions:
Larger than red blood Immune Defense : Combat
cells, have a nucleus. pathogens (bacteria, viruses, fungi).

Inflammation: Involved in
inflammatory responses.



Platelets (Thrombocytes)

Properties: Functions:
Blood Clotting: Adhere to

damaged vessels, release clotting
factors.

Wound Healing: Release growth
factors for tissue repaiir.

Small, cell-like fragments,
no nucleus.



Serum

Properties: Functions:
Liquid portion of blood Contains proteins, electrolytes,
after clotting, lacks hormones; used for diagnostic

clotting factors. purposes.
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Functions of Blood

Nutrient Transport: Carries nutrients from the digestive tract to body tissues for energy and
cellular processes.

Oxygen Transport: Hemoglobin binds oxygen in the lungs and delivers it to tissues for aerobic
respiration.

Carbon Dioxide Transport: Transports carbon dioxide from tissues to the lungs for exhalation,
helping maintain pH levels.

Waste Product Removal: Carries metabolic waste (e.g., urea, creatinine) to the kidneys for
filtration and excretion as urine.

Hormone Transport: Delivers hormones from endocrine glands to target organs, regulating
physiological processes and homeostasis.

Temperature Regulation: Redistributes heat to maintain stable body temperature.
Water Balance: Regulates water distribution between cells, tissues, and extracellular fluid.

pH Regulation: Uses buffering systems (e.g., bicarbonate ions) to maintain stable pH levels in
tissues and fluids.

Clotting Ability: Contains platelets and clotting factors for blood clot formation, preventing
excessive bleeding.

Immune Defense: Contains white blood cells and antibodies to protect against infections and
foreign invaders.



Critical Physiological Roles of Blood Vessels in Animals

Oxygen and Nutrient Delivery : Arteries transport oxygen and nutrients from the heart
to tissues.

Carbon Dioxide Removal : Veins return deoxygenated blood, carrying carbon dioxide
and waste to the heart and lungs.

Nutrient Exchange : Capillaries facilitate the exchange of oxygen, nutrients, and waste
between blood and tissues.

Blood Pressure Regulation : Arteries regulate blood pressure by constricting or dilating.

Thermoregulation : Blood vessels dilate or constrict near the skin to regulate body
temperature.

6. Immune Response : Blood vessels transport immune cells to sites of infection and
inflammation.

7. Hormone Transport : Hormones travel through blood vessels to target tissues.
8. Waste Removal : Blood vessels aid in the removal of metabolic waste via the kidneys.

9. Blood Volume Regulation : Vessels adjust their diameter to maintain blood volume and
pressure.

10. Clot Formation and Repair:
Blood vessels participate in clot formation and tissue repair after injury.



Blood cell formation and Haemoglobin synthesis and

chemistry
Hematopoietic Stem Cells (HSCs) Hematopoietic Stem Cells
Multipotent, undifferentiated cells that can develop into
various blood cell types.
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Regulation and Control

Hematopoiesis is tightly regulated by various growth factors, cytokines, and
hormones, such as erythropoietin (EPO) for red blood cell production and
granulocyte colony stimulating factor (GCSF) for granulocyte production. The
process is also influenced by the body's needs and responses to factors like infection,
injury, and blood loss.

Factors affecting
hematopoiesis:

N o U R WNR

Erythropoietin (EPO)

Cytokines and Growth Factors
Bone Marrow Microenvironment
Nutritional Factors

Hormones

Disease and Infections

Radiation and Chemotherapy



Erythropoiesis
Erythropoiesis is the process of red blood cell (erythrocyte) production in animals.

Erythropoiesis ensures a constant supply of red blood cells to carry oxygen from the
lungs to the body's tissues and remove carbon dioxide.

1. Hematopoietic Stem Cells (HSCs):

2. Proerythroblasts : Under the_influence of specific g
committed erythroid progenitor cells known as proerythro

3. Erythroblast Stages:

Proerythroblasts progress through several stages of development, becoming more specialized and committed to the
erythroid lineage.

These stages include basophilic erythroblasts, polychromatophilic erythroblasts, and orthochromatic erythroblasts.

4. Nucleus Degradation : As erythroblasts mature, their nuclei shrink and are eventually expelled from the cell.
Mature erythrocytes (red blood cells) lack a nucleus, allowing for increased space to carry oxygen.

5. Hemoglobin Synthesis:

« During erythropoiesis, hemoglobin, the iron-containing protein that binds oxygen, is synthesized within the
developing red blood cells.

« Hemoglobin production is a hallmark of erythrocyte maturation.

foy[vth factors and cytokines, HSCs differentiate into
asts.

6. Reticulocytes: Orthochromatic erythroblasts develoP intqQ reticulocytes, which are immature red blood cells
containing residual ribosomal RNA. Reticulocytes are released into the bloodstream and serve as a measure of the
rate of erythropoiesis.



Haemoglobin synthesis and
chemistry

Hemoglobin is composed of four protein subunits, each bound to a heme group containing iron atoms.

Hemoglobin is primarily synthesized in developing red blood cells (erythrocytes) within the bone
marrow. The process of hemoglobin synthesis involves several stages:

Transcription: The genetic code for hemoglobin is transcribed from DNA into a molecule called
messenger RNA (mRNA).

Translation: The mRNA carries the genetic code to ribosomes in the cytoplasm, where it is translated
into a chain of amino acids, forming a polypeptide chain.

Polypeptide Chains: Hemoglobin consists of four polypeptide chains, two alpha (a) chains and two
beta (B) chains in adults.

Folding and Assembly: The alpha and beta chains fold into specific shapes and associate to form
dimers (a2 and B2). These dimers then come together to form the functional hemoglobin molecule
(a2p2).

Heme Attachment: Each polypeptide chain within hemoglobin binds to a heme group containing an
iron atom. The iron in heme is essential for oxygen binding.



Heme
Synthesis

Heme synthesis occurs in the mitochondria and cytosol of cells, primarily in the bone
marrow and liver.

The process involves a series of enzymatic reactions starting with succinyl CoA from
the citric acid cycle and the amino acid glycine.

3. The key intermediate, 5'-aminolevulinic acid (ALA), is produced in the mitochondria
and then exits into the cytosol for further steps in heme synthesis. The final heme molecule
is then transported within the cytoplasm, where it can be incorporated into hemoglobin.



Plasma proteins production, classification and properties

* Immune Function
* Transport :Transport globulins, carry lipids (lipoproteins) and metal ions
* Blood Clotting :Globulins involved in the blood clotting cascade

* Blood Clotting : key component in the blood clotting process. When an

Fibrinogen . . . : .
8 injury occurs, fibrinogen is converted into fibrin

* Osmotic Pressure Regulation: maintaining the osmotic pressure of blood

* Transport: They transport various substances, including hormones, fatty acids,
and drugs

* Buffering: Albumins can act as buffers, helping to maintain the pH of blood
within a narrow range.




Plasma proteins properties

Diversity wide range of protein types, unique structure and function.

Solubility soluble in the aqueous environment of blood plasma

Charge Plasma proteins often carry a net charge

Vel et ETgEeaie Albumins generally being the smallest and fibrinogen being large.

Transport serve as carriers, transporting hormones, lipids, and metals

Immune Eunction immunoglobulins role in the defense against infections and pathogens.

Plasma maintaining the physiological balance and overall health of the body
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1.Platelet adhesion

 When platelets contact
damaged collagen they form
irregular shapes with
pseudopods.

2.Platelet activation

Adhered platelets release
ADP and thromboxane A2,
activating nearby platelets.

Endothelial cell

Fibrinogen

Fibrinogen
receptor
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Collagen

Willebrand

3.Platelet aggregation

ADP, thromboxane, and
platelet stickiness cause
more platelets to gather and
adhere at the injury site.

4. Formation of a temporary

hemostatic plug

Damaged vessel walls
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Blood Coagulation

Prothrombin Activator Formation:
Triggered by vessel rupture or blood
damage.

Thrombin Production: Prothrombin
activator, with Ca++, converts prothrombin
to thrombin.

Fibrin Formation: Thrombin polymerizes
fibrinogen into fibrin fibers in 10-15
seconds.
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Prothrombin to thrombin conversion
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Extrinsic Pathway for Initiating Clotting
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Intrinsic Pathway for Initiating Clotting

Blood trauma or
contact with collagen
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Action of Thrombin on Fibrinogen to Form Fibrin

h . . Thrombin acts on fibrinogen, removing four low-molecular weight
Thrombin Action: peptides from each fibrinogen molecule.

Formation of converts fibrinogen into fibrin monomers, which have the ability to
ST 0\ Le il s (2 &y Polymerize with other fibrin monomers.

Polymerization: Fibrin monomers rapidly polymerize into long fibrin fibers, forming
the mesh-like structure of the blood clot.

Aol =l o1 P4l 1| The fibrin-stabilizing factor, present in small amounts in normal
plasma and released from platelets, strengthens the fibrin network
within the clot.

Factor



Blood Clots

Meshwork A blood clot is made up of a network of fibrin fibers that

Formation crisscross in various directions, forming a mesh.

fibrin mesh captures blood cells, platelets, and plasma,
integrating them into the clot.

Adherence to

The fibrin fibers stick to the damaged surfaces of blood vessels.

Damaged Vessels:

S ilel gl eai 2ileles | By adhering to vascular openings, the blood clot helps to
Loss seal the wound and prevent further bleeding.




Clot Retraction

Clot

. Within minutes of formation, a blood clot starts to contract, expelling most of its fluid
Retraction

(serum) within 20 to 60 minutes

Serum The fluid expressed from the clot is called serum, which differs from plasma as it lacks
Formation fibrinogen and most clotting factors and cannot clot.

Platelets are essential for clot retraction. Low platelet counts can lead to
inadequate clot retraction.

Procoagula nt Platelets continue to release procoagulant substances, including fibrin-stabilizing
Substances

factor, which promotes additional cross-linking of fibrin fibers..

Platelets activate contractile proteins (thrombosthenin, actin, and myosin),
and thrombin along with calcium ions accelerate clot contraction, which
helps to pull the edges of the blood vessel together, enhancing hemostasis.

Activation and
Contraction




Mechanism of regulation of blood clotting and fibrinolysis by
vascular endothelium

* Endothelial cells also produce von Willebrand factor, which plays a
role in platelet adhesion and aggregation during clot formation.

von Willebrand Factor
(VWF) * VvWEF is released to promote platelet binding to the injured vessel wall

and initiate clot formation.

* Intact and healthy endothelial cells form a physical barrier that
prevents exposure of the underlying tissue to blood components,
Endothelial Cell reducing the risk of clot initiation.

Barrier Function

 When the endothelium is damaged, it exposes collagen and tissue
factor, initiating the clotting process.




Key factors that influence the coagulation process:

Clotting Factors

Endothelial Cells:

Platelets

Calcium lons

Vitamin K

Anticoagulants

fibrinogen, thrombin, and factors | through XIlI, interact in a complex cascade of enzymatic
reactions to form a blood clot.

The endothelial cells lining the blood vessels release substances, such as prostacyclin and
nitric oxide, that inhibit clot formation under normal conditions

They adhere to exposed collagen at the site of vascular injury, become activated, and
aggregate to form a platelet plug

Calcium ions are essential cofactors for several clotting factors in the coagulation cascade. They
help stabilize and activate these factors, leading to fibrin formation

necessary for the synthesis of several clotting factors, including factors Il (prothrombin), VII,
IX, and X. A deficiency in vitamin K can impair the coagulation process

Natural anticoagulants in the blood, such as antithrombin and protein C, regulate the clotting
process by inhibiting the activity of clotting factors.



Anticoagulants

natural anticoagulant produced by the body. It works by enhancing the activity of
Heparin antithrombin Ill, a natural inhibitor of thrombin and other clotting factors.

Warfarin (Coumadin) oral anticoagulant that interferes with the synthesis of vitamin K dependent
clotting factors (I1, VII, IX, X).

Direct Oral Anticoagulants apixaban, rivaroxaban, and dabigatran, directly target specific clotting factors (e.g.,
DOACs factor Xa or thrombin) and are taken orally.

These medications, such as aspirin and clopidogrel, inhibit platelet activation and
aggregation, reducing the risk of arterial blood clot formation.

Antiplatelet Agents

e ] tissue plasminogen activator (tPA) are used to dissolve existing blood clots in
SISV amergency situations, such as acute myocardial infarction (heart attack) or ischemic
stroke.

Medications like argatroban and bivalirudin directly inhibit the activity of thrombin,
an essential clotting factor.

Direct Thrombin Inhibitors



Mode of Action

Inhibition of
Clotting Factors

Reduction in

Thrombin Production

mnting Platelet
\Aggregation

Extension of

Clotting Time

a series of enzymatic reactions that lead to blood clot formation. They

interfere with the activity of clotting factors involved in this process.

Many anticoagulants work by inhibiting thrombin, a key enzyme in the
coagulation cascade that converts fibrinogen into fibrin

Some anticoagulants also interfere with platelet function, making it
more difficult for platelets to stick together and form clots.

Anticoagulants prolong the time it takes for the blood to clot in laboratory tests,
measured as the prothrombin time (PT) or activated partial thromboplastin time
(aPTT).



Hemorrhagic disorders

Hemophilia: Hemophilia is a hereditary bleeding disorder that primarily affects males. It is caused by mutations in genes
that code for clotting factors, particularly factor VIII (Hemophilia A) or factor IX (Hemophilia B).

Von Willebrand Disease (VWD): Von Willebrand disease is the most common inherited bleeding disorder. It results from a
deficiency or dysfunction of von Willebrand factor (VWF), a protein that helps platelets adhere to the blood vessel walls
and stabilize clot formation.

Thrombocytopenia: Thrombocytopenia is a condition characterized by a low platelet count in the blood. Platelets are
essential for forming blood clots, and a reduced platelet count can lead to easy bruising and bleeding.

Disseminated Intravascular Coagulation (DIC): DIC is a complex and life threatening condition that can occur as a
secondary complication of various medical conditions, such as sepsis, trauma, cancer, or obstetric complications. In DIC,
there is an excessive activation of both clotting and fibrinolytic (clot dissolving) pathways in the blood, resulting in
widespread clot formation followed by bleeding.

Congenital thrombocytopenia: Congenital thrombocytopenia in dogs is a rare genetic condition characterized by
abnormally low platelet counts from birth. Platelets are essential for blood clotting, and a deficiency can lead to increased
bleeding tendencies. Congenital thrombocytopenia may result from inherited genetic mutations affecting platelet
production, function, or survival



Blood Groups

1. ABO Blood Group System.

It is based on the presence or absence of two antigens: A and B.
There are four major blood types within the ABO system:

Type A: Individuals have A antigens on their red blood cells and antiB antibodies in their plasma.
Type B: Individuals have B antigens on their red blood cells and antiA antibodies in their plasma.
Type AB: Individuals have both A and B antigens on their red blood cells and no antiA or antiB antibodies in

their plasma.
Type O: Individuals have no A or B antigens on their red blood cells and both antiA and antiB antibodies in

their plasma.

Blood type compatibility for transfusions:

Type O :the universal donor because it lacks A and B antigens, making it compatible with all blood types.
Type AB :the universal recipient because it can receive blood from all types.



Rh Blood Group System

 The Rh blood group system is based on the presence or absence of the Rh antigen
(also called the Rh factor or D antigen) on red blood cells

* Individuals who have the Rh antigen are classified as Rh positive (e.g., A+, B+, AB+),
while those lacking the antigen are Rh negative (e.g., A, B, AB).

* Rh incompatibility can be a concern during pregnancy when an Rh negative
mother carries an Rh positive fetus, as it can lead to hemolytic disease of the
newborn (HDN).



Blood groups in farm animals

Cattle (Bos taurus): Bovine Blood Group (BoLA) system. The BoLA system includes various antigens, and cattle
can be classified into different blood groups based on the presence or absence of these antigens. Cattle have
more than 60 erythrocyte antigenic factors grouped into 11 categories.

Sheep (Ovis aries): The Ovis Blood Group (Ob) and it includes multiple blood group factors. Sheep have seven
antigenic groups (A, B, C, D, M, R-O, and X-Z), with anti-R being a naturally occurring antibody.

Pigs (Sus scrofa domesticus): Pigs have a blood group system known as the Swine Erythrocyte Antigen (SLA)
system. Pigs have 13 blood group systems (A, B, C, E, F, G, H, 1, J, K, L, M, and N).

Horses (Equus ferus caballus): Horses have a complex blood group system known as the Equine Blood Group
(EquibloG) system. The EquibloG system includes over 30 antigens, with the most important being the Aa, Qa,
and Qb blood groups - Horses have eight blood groups (A, C, D, K, P, O, T, and U).

Chickens (Gallus gallus domesticus): Chickens also have blood group systems, primarily involving blood types A,
B, and AB.

Dogs have the DEA (Dog Erythrocyte Antigen) system, including 1.1, 1.2, and 3-8 DEAs



Blood Volume

Cattle: The blood volume of cattle typically ranges from 7% to 9% of their body
weight.For example, a 450 kilogram cow might have a blood volume of
approximately 70 to 90 liters.]

Sheep and Goats: In sheep and goats, blood volume is approximately 8% to 9%
of their body weight.

Pigs and Horses: The blood volume in pigs and Horses is roughly 7% to 8% of
their body weight.

Poultry (Chickens): The blood volume in chickens is estimated to be around 4%
to 5% of their body weight.



Plasma Expanders

Plasma expanders also known as volume expanders or colloids, are substances or solutions that
are used to increase the volume of blood plasma, thereby expanding blood

volume.

Hypovolemia

Plasma expanders can be administered to patients with
severe fluid loss due to conditions like dehydration,
bleeding, surgery, or trauma.

m

where there is inadequate blood
perfusion to vital organs, plasma
expanders can help improve blood
pressure and tissue perfusion.




Common types of plasma expanders

Crystalloids: These are solutions containing electrolytes and small molecules that can

pass through capillary walls and equilibrate with the interstitial fluid. Examples include
saline (0.9% sodium chloride) and lactated Ringer's solution.

Colloids: Colloids are larger molecules or particles that remain within the bloodstream,

exerting an osmotic effect that draws fluid back into the blood vessels. Examples include
albumin and synthetic colloids like hydroxyethyl starch (HES).



Buffer Systems in Blood

Blood pH must be maintained within a narrow range (around 7.35 to 7.45) for normal
physiological functions.

Bicarbonate Buffer System

* [t consists of bicarbonate ions (HCO3) and carbonic acid (H2CO3).

 When blood becomes too acidic (low pH), bicarbonate ions act as bases, binding with
excess hydrogen ions (H+) to form carbonic acid (H2CO3), which can then be converted to
carbon dioxide (CO2) and exhaled by the lungs, thus raising the blood pH.

 When blood becomes too alkaline (high pH), carbonic acid releases hydrogen ions to lower
the pH.



Buffer Systems in Blood

Phosphate Buffer System:

Phosphate ions (HPO472) can also act as buffers in the blood. They can accept or donate
hydrogen ions to help regulate pH.

Protein Buffer System:

* Proteins in the blood, particularly hemoglobin and albumin, can act as buffers by binding

with hydrogen ions.

* Hemoglobin can buffer hydrogen ions in red blood cells, while albumin can buffer them
in the plasma.

* These buffer systems work together to maintain blood pH and prevent significant
fluctuations in acidity or alkalinity, which could disrupt essential physiological processes.



Regulation of blood ph during the resting and working phases in draught
animals

1. Resting Phase: During the resting phase, when draught animals are not engaged in strenuous work, their blood
pH is regulated to maintain homeostasis.

Respiratory Regulation:

* The primary mechanism for regulating blood pH during resting is through the respiratory system.

 Draught animals, like all mammals, continuously exchange oxygen and carbon dioxide with the environment through
respiration.

 When carbon dioxide (CO2) is produced as a waste product of metabolic processes, it combines with water (H20) in the
blood to form carbonic acid (H2CO3). This reaction is catalyzed by the enzyme carbonic anhydrase. Carbonic acid
dissociates into bicarbonate ions (HCO3-) and hydrogen ions (H+).

* To prevent blood from becoming too acidic, excess hydrogen ions are buffered by bicarbonate ions, helping to maintain a
stable pH. The respiratory system plays a crucial role by regulating the rate and depth of breathing.

* When blood pH becomes slightly acidic due to increased CO2 levels, the animal will increase its respiration rate to expel
more CO2 and reduce blood acidity, thus maintaining a near-neutral pH.



2. Working Phase:

Increased Metabolism: Physical exertion during work leads to increased metabolism and energy
production in muscle tissues, which generates more carbon dioxide as a metabolic waste product.

Respiratory Compensation: The respiratory system responds by increasing the rate and depth of
breathing even further to expel the excess CO2 produced during muscular activity.

Lactic Acid Accumulation: In strenuous exercise, muscles may produce lactic acid as a byproduct of
anaerobic metabolism when oxygen supply is insufficient. Lactic acid can lower blood pH and contribute to
metabolic acidosis.

Buffering Systems: In addition to respiratory compensation, the blood contains chemical buffer systems,

such as bicarbonate ions and proteins, which can temporarily absorb and neutralize excess hydrogen ions to
prevent a rapid drop in pH.

Renal Regulation: The kidneys play a role in long-term pH regulation by excreting hydrogen ions and
reabsorbing bicarbonate ions in response to changes in blood pH. However, this process is relatively slow
compared to respiratory compensation and may take hours to days to fully adjust.



Biochemical tests and their significance in disease diagnosis

1. Complete Blood Count (CBC): Measures various components of blood helps diagnose anemia, infection,
inflammation, and clotting disorders.

* Red blood cell count (RBC)
 White blood cell count (WBC)
 Hemoglobin concentration (Hb)
 Hematocrit (Hct)

* Platelet count

2. Differential White Blood Cell Count (Diff): Differentiates and quantifies the various types of white blood

cells (neutrophils, lymphocytes, monocytes, eosinophils, and basophils). Useful for diagnosing infections,
inflammatory conditions, and immune system disorders.

3.Blood Smear Examination: Involves microscopic examination of a blood smear to assess the morphology of

blood cells. Helps identify abnormalities in red and white blood cells, such as parasites, abnormal cell shapes,
and signs of leukemia.



Biochemical tests and their significance in disease diagnosis

Blood Chemistry Profile: Aids in diagnosing kidney disease, liver disease, diabetes,
electrolyte imbalances, and metabolic disorders.

* Blood glucose

* Blood urea nitrogen (BUN)

* Creatinine

e Liver enzymes (ALT, AST, ALP)

* Total protein

 Albumin and globulin levels

* Electrolytes (sodium, potassium, chloride)

Coagulation Profile: Assesses the blood's ability to clot. Helps diagnose clotting

disorders and monitor anticoagulant therapy.
 Prothrombin time (PT)

e Activated partial thromboplastin time (aPTT)
* Fibrinogen concentration

* Platelet function tests



Biochemical tests and their significance in disease diagnosis

Blood Gas Analysis: Measures blood gases, including: Assesses respiratory and metabolic status, acid-
base balance, and oxygenation.

e pH

 Oxygen (Pa02)

* Carbon dioxide (PaCO2)

* Bicarbonate (HCO3-).

Erythrocyte Sedimentation Rate (ESR): Measures the rate at which red blood cells settle in a
vertical column of blood over time. Elevated ESR indicates inflammation or infection.

Blood pH and Electrolyte Analysis: Determines the pH and levels of electrolytes (sodium, potassium,
chloride) in the blood. Essential for diagnosing acid-base imbalances and electrolyte disorders.

Serum Lipid Profile: Measures lipid parameters, including cholesterol and triglycerides.Helps assess
cardiovascular health and metabolic disorders.



Unit 2

Physiology of heart, cardiac cycle, heart sounds, heart beat, electrocardiograms,
Work and efficiency of heart, Effect of ions on heart function, Metabolism of Cardiac
muscle, Nervous and chemical regulation of heart, Effect of temperature and stress
on heart, Blood pressure and hypertension, osmotic regulation, arterial pulse,
Vasomotor regulation of circulation, Shock, Coronary and pulmonary circulation,
Blood Brain barrier Cerebrospinal fluid and Circulation in birds.



UPSC PYQs

1. Discuss the part played by neurohumoral regulation in the maintenance of cardiac function in cows?
(2012)

2. What do you mean by electrocardiogram? Discuss in brief about cardiac cycle and heartbeat? (2015)

3. What role is played by pulmonary circulation in the body? How are oxygen and carbon dioxide gasses
exchanged in this process? (2016)

4. Why is maintenance of blood pressure vital? What are the various factors that influence blood pressure?
Explain. (2016)

5. Give a diagrammatic representation of the heart in relation to the cardiac cycle? (2017)

6. Write in brief about the blood brain barrier? (2018)

7. Aradiolabeled substance was injected in the vein of the right forelimb of a cow and later it was detected
in the artery of the left forelimb. Illustrate its pathway through a line diagram only? (2019)

8. Differentiate between heart sound and heartbeat? (2021)

9. Describe the different events of cardiac cycle in animals? (2022)

10. Describe the different methods for study of heart sounds in animals? (2023)



Physiology of heart

Heart Anatomy

Aorta

Left Pulmonary Artery

Superior Vena Cava
Left Artrium

Right Pulmonary Artery

Pulmonary Trunk Left Pulmonary Veins

Right Atrium

Mitral (Bicuspid) Valve
Right Pulmonary
Veins

Fossa Ovalis

Pectinate Muscles
(Horizontal Muscle Ridges)

Tricuspid Valve

Right Ventricle

Chordae Tendineae
(Held by Papillary Muscles)

Aortic Semilunar Valve

Pulmonary Semilunar Valve

Left Ventricle

Papillary Muscles

N Interventricular Septum
—Epicardium
Myocardium
Endocardium

Trabeculae Carneae
(Irregular Muscle Ridges)

Inferior Vena Cava




Blood Flow

Lungs
L o

Pulmonary Arteries

Pulmonary Semilunar
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Right Ventricle

' Tricuspid AV Valve

Right Atrium
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Vena Cava
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™

Pulmonary Veins
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Regulation of Heart

Superior |
vena cava ™. |

The heart rate and
strength of contractions
are regulated by the

vein

L N L Ebb. LI A R i T A T TR T R YL "R L Mitral
autonomic nervous i . "y valve
system. .... Aortic

Pulmonary | valve
valve 7
Tricuspid
valve
Inferior vena cava Pericardium

The sympathetic nervous system increases heart rate
and contraction strength during times of stress or activity

parasympathetic system
(vagus nerve) decreases heart
rate, promoting relaxation and
lower activity levels.



Electrical Conduction

Sequence of Electrical Conduction

Bundle
, of His

Purkinje
Fibers

SA node, often called the
heart's natural pacemaker,
generates electrical impulses
that travel through the atria,
causing them to contract.

The impulses then reach the
AV node, which delays the
signal slightly before
transmitting it to the
ventricles, allowing them to
fill before contracting.



Blood Supply to the Heart:

The heart itself needs a
continuous supply of
oxygenated blood.

The coronary arteries,
which branch off the aorta,

supply oxygenated blood to
the heart muscle

Left Main
Coronary
Artery

Aorta\_»

, Circumflex
gl:?rr;tnary Coronary
Artery AlTery

Left Anterior
Descending
Coronary

Artery
Coronary Arteries

Coronary artery disease or
blockages can lead to heart
problems due to reduced

blood flow to the heart tissue.



Cardiac cycle

sequence of events that occur during one complete heartbeat, including both the contraction (systole) and
relaxation (diastole) of the heart chambers

Diastole Systole



Cardiac cycle

Atriole systole
begins

Ventricular systole
(first phase)
Ventricular

contraction pushes
AY valves closed

Atrial contraction
forces blood into
ventricles

P

Ventricular systole
(second phase)

Ventricular diastole Ventricular diastole
(early) (lLate)

Semilunar valves
open and blood is closed and blood

ejected flows into atria

Semilunar valves Chambers relax

and blood fills
ventricles passively

SESS

P-Wave

QRS Complex
Atria depolarization

5 Ventricle depolarization

Atriole Atriole
Diastole Systole

T-Wave
Ventricle repolarization




Cardiac cycle

* As the atria relax, blood flows passively from the veins into the atria and

Ventricular Filling (Early then into the ventricles through the open atrioventricular (AV) valves
Diastole): (tricuspid and mitral valves).

* This phase accounts for most of the blood volume filling the ventricles.

Towards the end of ventricular filling, the atria contract (the atrial kick),
pushing the remaining blood into the ventricles.

* Once the ventricles are filled with blood, they contract forcefully. The
pressure within the ventricles rises, closing the AV valves to prevent

) blood from flowing back into the atria

(Ventricular Systole) * No blood is ejected yet since the pressure hasn't surpassed the

pressure in the aorta and pulmonary arteries.

Isovolumetric Contraction




Ventricular
Ejection

Isovolumetric

Relaxation (Early
Diastole):

Ventricular Filling
Begins Again

 When the pressure in the ventricles exceeds that of the aorta and pulmonary

arteries, the semilunar valves (pulmonary and aortic valves) open, allowing
blood to be ejected into the pulmonary artery and aorta.

* This phase is called ventricular ejection and represents the actual pumping of

blood out of the heart into the circulation.

» After ejection, the ventricles relax, causing the pressure within them to drop.

* The semilunar valves close to prevent blood from flowing back into the

ventricles. At this point, all heart valves are closed, hence the term isovolumetric
(no change in volume) relaxation

As the ventricular pressure falls below that of the atria, the AV valves open, and
blood starts flowing from the atria into the ventricles, initiating a new cardiac cycle.



Heart sounds and Heartbeat:

* This sound is caused by the closure of the atrioventricular valves

First Heart Sound (mitral and tricuspid valves) at the beginning of ventricular systole.

(S1 or "Lub") .

It marks the start of ventricular contraction and is associated with
the onset of the QRS complex on an electrocardiogram (ECG).

e This sound is produced by the closure of the semilunar valves (aortic and
Second Heart Sound pulmonary valves) at the end of ventricular systole, just as the ventricles
(S2 or "Dub"): relax and the blood begins to refill them.

e |t occurs at the end of the T wave on an ECG.



Studying heart sounds in animals involves various methods

Auscultation Listening to heart sounds using a stethoscope to detect abnormalities

based on timing and characteristics.

Recording and graphically representing heart sounds for visual and

Phonocardiography

quantitative analysis.

heart sounds.

Using ultrasound to visualize the heart's structure and function, aiding in the
diagnosis of structural issues.

Echocardiography

Cardiac catheterization or surgery may be necessary for direct study of

Invasive Procedures .
heart sounds in complex cases.

Electroca rdiography> Recording the heart's electrical activity to indirectly assess its impact on

Computer-Aided Analysi> Software and hardware systems can assist in heart sound analysis.



Heart beat

The heartbeat refers to the rhythmic contraction and relaxation of the heart muscles
that pump blood throughout the body.

Electrical Activity:

The heartbeat is initiated and regulated by electrical impulses generated by specialized
cells in the heart.

The sinoatrial (SA) node initiates the electrical signals that travel through the heart,
causing the muscle fibers to contract in a coordinated manner.



Electrocardiograms

10 normal electrocardiogram
R
Record the electrical activity of the heart over a specific period. ’
They are crucial tools in assessing cardiac health and diagnosing
various heart conditions. 9
z P ]
Small, adhesive electrodes are placed on the skin of the chest, g 0 - 71N
arms, and legs B
(@]
> Q
-5 S
electrodes detect and transmit the electrical signals from the
heart to the ECG machine 1.0 | | |
0 0.2 0.4 0.6
time (sec)

© 2013 Encyclopaadia Britannica, Inc.

The ECG machine produces a graphical representation of the
heart's electrical activity in the form of waves



Electrocardiograms

P-Wave
Depolarization of T-Wave
atria in response Ventricular
to SA node triggering. repolarization
Voltage
‘ Time
PR Interval A\ ST Segment
QRS Complex N
Delay of AV node D larizati ¢ Beginning of
to allow filling of epolarization o ventricle

ventricles, triggers
main pumping
contractions.

ventricles. repolarization,

should be flat.




Diagnostic Uses

Arrhythmias Irregular heart rhythms

Heart Attacks Indicate damage to the heart muscle.
pE1ge =g Eldd=l0agie Increased size of the heart's chambers.

Conduction . , . .
o Issues in the heart's electrical conduction system.
Abnormalities




Work of the Heart

Mechanical Work Pressure Generation

 The heart works by contracting and
relaxing to pump blood. * The heart generates pressure to propel blood
into the arteries.

* During contraction (systole), the heart

pushes blood into the arteries. * This pressure ensures blood reaches the
peripheral tissues and organs, supplying
* Relaxation (diastole) allows the heart oxygen and nutrients while removing waste

chambers to refill with blood. products.



Efficiency of the Heart

Energy Utilization .

Constant Work

Stroke Volume and
Cardiac Output

The heart primarily relies on aerobic metabolism, using oxygen to
produce energy.

It has a high concentration of mitochondria (the cell's powerhouses) in
its muscle cells to support continuous energy production.

The heart works continuously without resting.
Despite its constant activity, it's highly efficient in using energy
compared to other muscles in the body.

The heart's stroke volume (amount of blood pumped with each beat) and
cardiac output (total volume of blood pumped per minute) determine its
efficiency.

Factors that affect these, such as heart rate and contractility, influence
the heart's efficiency.



Effect of ions on heart function

Sodium (Na+)

Role:
* Sodium ions are involved in generating action potentials in cardiac cells.

 They contribute to the rapid depolarization phase (upstroke) of the action potential
in cardiac muscle cells.

Effect:

* Increased sodium influx into cardiac cells initiates depolarization, which leads to the
contraction of heart muscle cells (myocytes).

* Disturbances in sodium levels can affect the excitability and conductivity of cardiac
cells, potentially leading to arrhythmias.



Potassium (K+):

Role:

* Potassium ions are crucial for maintaining the resting membrane potential and
repolarization phase of the action potential in cardiac cells.

Effect:

Alterations in potassium levels can impact the duration of the action potential and affect
the refractory period.

* Low potassium levels (hypokalemia) can predispose individuals to arrhythmias, while high
levels (hyperkalemia) can also disrupt normal cardiac function.



Calcium (Ca2+):

Role

Calcium ions play a central role in excitation contraction coupling, where the influx
of calcium triggers muscle contraction.

Effect

Calcium influx into cardiac cells during the action potential causes the release of
more calcium from intracellular stores, leading to muscle contraction.

* (Calcium imbalances can affect the strength and rhythm of contractions,
contributing to various heart conditions.



Chloride (Cl):

Role:

Chloride ions help maintain the electrochemical balance across cardiac cell membranes,
contributing to the resting potential.

Effect:

While chloride's direct role in cardiac function is not as extensively studied as other ions,
disruptions in chloride levels can potentially influence the electrical balance of cells and

their excitability.



Metabolism of Cardiac muscle

Fatty Acids

* The primary energy source for the heart is fatty acids. Cardiac muscle
extracts fatty acids from circulating triglycerides or from stored triglycerides
within the muscle cells.

* Fatty acids undergo beta oxidation in the mitochondria, producing acetylCoA,

which enters the Krebs cycle to generate ATP through oxidative
phosphorylation

* The heart can also utilize glucose for energy. Glucose enters cardiac muscle
cells via glucose transporters and undergoes glycolysis to produce pyruvate.

* Pyruvate can then enter the mitochondria to generate ATP through the Krebs
cycle and oxidative phosphorylation.

During intense exercise or in situations of low oxygen (anaerobic conditions),
lactate produced by other tissues can be taken up by the heart and converted
back into pyruvate, which can then be used as an energy source.



Nervous and chemical regulation of heart

Baroreceptors and Reflexes

Autonomic Nervous System (ANS) * located in blood vessels and the heart, detect changes in
blood pressure.

* |If blood pressure decreases, baroreceptors signal the brain
to stimulate the SNS and inhibit the PNS, increasing heart
rate and contractility to raise blood pressure.

Sympathetic Nervous System (SNS):

e Activated during stress or increased
activity, the SNS releases
norepinephrine

* increases heart rate, contractility,
and the speed of conduction

Parasympathetic Nervous System (PNS):

* Dominant during rest, the PNS releases
acetylcholine.

This stimulation decreases heart rate by
slowing down the firing of the SA node.



Chemical Regulation

Epinephrine and Norepinephrine: Released by the adrenal glands during stress,

these hormones mimic the effects of the SNS, increasing heart rate and
Hormonal Regulation contractility.

Thyroid Hormones: Thyroid hormones influence heart rate and contractility.
Excessive or deficient thyroid hormone levels can affect cardiac function.

Calcium and Potassium: These ions play crucial roles in the heart's electrical
Electrolytes and lons activity and contractility. Imbalances in these ions can disrupt normal heart
function and rhythm.

pH and Oxygen Levels: Changes in pH or oxygen levels can affect the heart's

Other Chemical Factors ability to contract and conduct electrical signals efficiently.

Integration of The nervous and chemical regulatory systems work in a coordinated manner
to ensure the heart responds appropriately to physiological demands.

Regulation




Effect of temperature

and stress on heart

Temperature

stress

Cold Temperatures

Cold weather can
constrict blood
vessels, increasing
blood pressure and
the heart work harder
to pump blood.

Heat and High
Temperatures

Psychological
Stress

High : :
Emotional or psychological
temperatures :
stress can trigger the
can lead to

release of stress hormones
like cortisol and adrenaline,
which increase heart rate
and blood pressure

dehydration and
increased stress
on the heart.

Physical Stress

Intense physical
activity or exercise,
especially when
sudden or vigorous,
can temporarily
increase heart rate and
blood pressure.



Blood pressure and hypertension
Systolic The higher number, representing the pressure in the arteries
Pressure when the heart contracts and pumps blood out during a
heartbeat.

Diastolic The lower number, indicating the pressure in the arteries when
Pressure the heart relaxes between beats.




Normal BP of Domestic Animal

Systolic Blood Pressure Diastolic Blood Pressure
(mm Hg)




Key factors influencing blood pressure

The amount of blood the heart pumps affects blood pressure, with increased cardiac output
raising it.

Cardiac Output

Peripheral Resistance Resistance to blood flow in arteries, determined by vessel diameter and elasticity, impacts
blood pressure. Narrowing of arteries raises resistance.

Blood Volume

Increased blood volume, as in excess fluid intake, can elevate blood pressure.

Adrenaline, noradrenaline, and the renin-angiotensin-aldosterone system can constrict vessels,
Hormones . :

increasing blood pressure.

The sympathetic nervous system can raise blood pressure by increasing heart rate and
contractility

Nervous System

Excess sodium can lead to water retention and increased blood volume, elevating blood
pressure

Sodium Intake

Genetics Family history and genetics influence blood pressure

Blood pressure tends to rise with age

Age




Types of Hypertension

Secondary Hypertension

# most common type # caused by an underlying
condition such as kidney

——disease, hormonal disorders,

_ , , , certain medications, or specific
# linked to lifestyle factors like diet, e R fecee

physical inactivity, stress, and genetics.

Primary (Essential) Hypertension:

# develops gradually over time without
any identifiable cause.




Risks and Complications of Hypertension

High blood pressure can lead to heart failure, coronary artery disease, or enlargement

Heart Disease
of the heart.

Increased pressure can damage blood vessels in the brain, leading to strokes.

Vision Problems | it can damage the blood vessels in the eyes, leading to vision issues.

Peripheral

. Reduced blood flow to the limbs due to narrowed arteries.
Artery Disease

[ Kidney Damage J Uncontrolled hypertension can affect kidney function.




Managing and Treating Hypertension

Lifestyle Healthy diet, regular exercise, weight management, reduced
Modifications sodium intake, limited alcohol consumption, and stress
management can help control blood pressure.

Medications These include diuretics, beta blockers, ACE inhibitors, calcium
channel blockers, and others.

Regular Regular checkups and monitoring blood pressure are crucial for
Monitoring managing hypertension.



Osmotic regulation

 mechanisms by which organisms maintain the balance of water and solutes
(such as ions and small molecules) within their cells and body fluids to

Osmotic regulation ensure proper cellular function and overall homeostasis.

* Animals use various mechanisms to regulate osmotic balance, such as
kidney function to filter and excrete excess solutes, specialized cells for ion
transport, and behavioral adaptations (like drinking more or less water).

 Hormones like antidiuretic hormone (ADH) and aldosterone play roles in
regulating water reabsorption and ion balance in the kidneys.

Hormonal and Neural

Regulation * Neural signals and hormonal responses regulate thirst sensation,
prompting an organism to drink water when there's a need to restore fluid

balance.



Maintaining proper osmotic balance is critical for cellular
Importance of function, tissue health, and overall physiological stability.

Osmotic
Regulation

Disruptions in osmotic regulation can lead to dehydration,

electrolyte imbalances, edema, and other health issues
that affect various organ systems.

The arterial pulse refers to the rhythmic expansion and
contraction of arteries in response to the heartbeat,

resulting in a palpable wave of blood that can be felt at
Arterial pulse various pulse points across the body.

* |t's a direct reflection of the heartbeat and the ejection
of blood from the heart into the arterial system.




Strength
(Amplitude)

Clinical

Significance

The number of beats per minute (normal adult resting pulse rate is around 60 to
100 beats per minute).

The regularity or irregularity of the pulse beats.

Described as strong, weak, thready, bounding, or regular. The strength of the
pulse can provide information about cardiac output and arterial health.

* Pulse assessment is a vital component of physical examinations and can provide
insights into heart rate, rhythm irregularities, blood volume status, and
cardiovascular health.

* Changes in pulse characteristics can indicate various conditions such as
arrhythmias, heart failure, shock, dehydration, or arterial diseases.



Factors Affecting the Arterial Pulse

The pulse rate directly correlates with the heart rate. An increase or decrease in
heart rate will be reflected in the pulse rate.

The strength and amplitude of the pulse are influenced by the amount of blood

Output ejected from the heart with each contraction (stroke volume) and the rate of
contraction (heart rate).

Heart Rate

Arterial

Compliance The elasticity of the arterial walls affects the pulse amplitude and quality.
and Elastici

Vascular Conditions affecting vascular resistance, such as arterial narrowing or constriction,
Resistance can influence the pulse felt at various pulse points.




Vasomotor regulation of circulation

Vasomotor regulation refers to the control and adjustments of blood vessel diameter (vasoconstriction or
vasodilation) to regulate blood flow and maintain blood pressure within the body.

Vasoconstriction Vasodilation
 Contraction of smooth muscles in Relaxation of smooth muscles,
arterial walls, leading to a decrease causing the widening of blood
in the diameter of blood vessels. vessels, increasing blood flow,
and decreasing blood
* This decreases blood flow and pressure.

increases blood pressure.



Control Mechanisms

1.Nervous System
a.Autonomic Nervous System (ANS):

A/\

Sympathetic Nervous Parasympathetic Nervous
System System

Releases norepinephrine, causing Has minimal direct effect on
vasoconstriction in response to blood vessels but can influence
stress or flight or fight situations. vasomotor activity through

certain mechanisms.

b.Local Factors:

Tissues release chemicals like nitric oxide (NO), prostaglandins, and adenosine in response to
metabolic needs, promoting vasodilation and increased blood flow to the area.



2.Hormonal Influence: Epinephrine and Norepinephrine: Released by the adrenal glands,

these hormones can cause vasoconstriction or vasodilation depending on the receptors
activated.

3.Baroreflex and Reflex Mechanisms: Baroreceptors in blood vessels and the heart

detect changes in blood pressure. When pressure changes, reflex responses are initiated to
adjust vasomotor tone, helping maintain blood pressure within a normal range.

4. Temperature Regulation: Blood vessel diameter changes in response to temperature

alterations. Vasodilation occurs to dissipate heat in warm conditions, while vasoconstriction
conserves heat in cold conditions.

5. Temperature Regulation: Blood vessel diameter changes in response to temperature

alterations. Vasodilation occurs to dissipate heat in warm conditions, while vasoconstriction
conserves heat in cold conditions.



Vasomotor regulation :Importance and Clinical Significance

* Maintaining blood pressure
e distributing blood flow to meet the demands of different tissues
* regulating body temperature.

Dysregulation of vasomotor function can lead to conditions like
hypertension, hypotension



Shock

* Shock is a life threatening condition where the body's organs and tissues do not receive enough oxygen
and nutrients to function properly due to inadequate blood flow and oxygen delivery.

* |t's a medical emergency that requires immediate intervention as it can lead to organ failure and even
death if not treated promptly.

Types of Shock

Occurs due to a significant decrease in blood volume caused by severe bleeding,

Hypovolemic Shock dehydration, or fluid loss from burns or trauma.

Results from the heart's inability to pump enough blood to meet the body's needs,
often due to a heart attack, severe arrhythmias, or heart failure.

Cardiogenic Shock

Distributive Shock Caused by an abnormal distribution of blood flow within the body, leading to
inadequate perfusion of tissues.




Occurs due to a severe infection causing widespread inflammation
m and vasodilation, leading to low blood pressure and impaired tissue

perfusion.

Anaphylactic A severe allergic reaction that causes widespread vasodilation,
Shock decreased blood pressure, and difficulty breathing.

: Results from a sudden loss of sympathetic nervous system tone,
Neurogenic . : L
leading to widespread vasodilation and decreased blood pressure,
Shock often associated with spinal cord injury or severe trauma.

Caused by a physical obstruction that impedes blood flow, such as
pulmonary embolism, cardiac tamponade (fluid buildup around the
heart), or tension pneumothorax (buildup of air in the chest cavity).

[ Obstructive 1
Shock




Signs and Symptoms of Shock

* Low blood pressure (hypotension)

* Rapid, weak pulse

* Cool, clammy skin

* Rapid, shallow breathing

 Altered mental status, confusion, or unconsciousness
 Weakness or fatigue

* Pale or mottled skin



Treatment of Shock

* Immediate medical attention is crucial.

 Emergency treatment aims to restore blood flow and oxygen delivery to
vital organs.

* |ntravenous fluids or blood transfusions to replace lost fluids and improve
blood volume.

* Maedications to support blood pressure and improve heart function.

 Oxygen therapy to ensure adequate oxygenation.

* Treating the underlying cause of shock, such as controlling bleeding,
managing infections, or addressing cardiac issues.



Coronary Circulation

Coronary circulation involves the circulation of blood within the heart muscle

(myocardium) itself, providing oxygen, nutrients, and removing waste products to ensure
the heart's proper function.

The coronary arteries, including the left and right coronary
arteries, branch off from the aorta and supply oxygenated
blood to the myocardium during diastole (when the heart
relaxes).

Deoxygenated blood from the myocardium drains into the
Coronary Veins coronary veins, ultimately entering the right atrium of the heart

through the coronary sinus to be reoxygenated.




Pulmonary Circulation

Deoxygenated blood from the right ventricle of the heart is pumped into the
pulmonary arteries, carrying it to the lungs for oxygenation.

Pulmonary
Arteries

Pulmonary In the lungs, the pulmonary arteries branch into smaller vessels called capillaries, where
. . gas exchange occurs. Carbon dioxide is released from the blood into the lungs, and oxygen
Capillaries

is absorbed into the blood.

In the pulmonary capillaries, the deoxygenated blood passes very close to the alveoli's thin

CEINS L ELI{-M walls. Oxygen from the inhaled air diffuses across the alveolar membrane into the
in the Lungs bloodstream, binding to hemoglobin in red blood cells. Simultaneously, carbon dioxide, a
waste product of metabolism, moves from the blood into the alveoli to be exhaled.

Pulmonar Oxygenated blood from the lungs is collected in the pulmonary veins and transported
uimonary back to the left atrium of the heart, entering the systemic circulation to be distributed

Veins throughout the body




Key Differences:

Function: Coronary circulation specifically supplies blood to the heart muscle for its own
metabolic needs. Pulmonary circulation facilitates gas exchange in the lungs.

Blood Oxygenation: Coronary circulation deals with oxygenated blood supply to the
heart, while pulmonary circulation is involved in oxygenating deoxygenated blood.

Starting Point: Coronary circulation begins with branches off the aorta, while pulmonary
circulation starts with the pulmonary arteries branching from the right ventricle.



Blood Brain Barrier (BBB)

* The BBB is a critical protective mechanism that helps maintain the brain's stable and
controlled environment by restricting the passage of potentially harmful substances while
allowing essential nutrients and gases to enter.

 The tight junctions between endothelial cells in brain blood vessels create a physical
barrier that limits the movement of molecules and ions.

Protection: It shields the brain from harmful agents, including pathogens, toxins, and some
drugs, reducing the risk of neurological damage.

Maintenance of Homeostasis: The BBB helps regulate the brain's internal environment by
controlling the passage of ions, water, and other substances.



Drug Delivery: While the BBB restricts the entry of many drugs, it also poses a challenge
for drug delivery to the brain. Researchers are continually working on strategies to
overcome this barrier for medical purposes.

Hormone Transport: The BBB allows specific hormones, such as insulin and leptin, to
reach their receptors in the brain, influencing various physiological processes.

Gas Exchange: Oxygen and carbon dioxide, essential for brain metabolism, can pass
through the BBB.



Cerebrospinal Fluid (CSF)
- CSF acts as a shock-absorbing cushion, protecting the delicate brain and spinal cord from
Cushioning : :
mechanical trauma or impact.
The buoyant nature of CSF helps reduce the effective weight of the brain, allowing it to "float" within
the skull, which minimizes the pressure on neural tissues.
CSF transports essential nutrients, such as glucose and oxygen, to neural cells while removing waste
Transport products and metabolic byproducts.
Chemical and CSF helps maintain the chemical and ionic balance of the brain's extracellular fluid, ensuring optimal
lonic Balance neural function.
CSF contains immune cells and contributes to the brain's immune response by aiding in the removal
of pathogens and waste materials.

Regulation of CSF volume and pressure are tightly regulated to maintain stable intracranial pressure, which is
Intracranial vital for brain function.
Pressure

Diagnostic Tool .Analy.sis of CSF can provide valuable diagnostic informati.on about neurological disorders and
infections when collected through a lumbar puncture (spinal tap).




Circulation in Birds

Birds have evolved a remarkable respiratory system that includes air sacs.
Respiratory These air sacs not only increase the efficiency of gas exchange but also allow for a

. . continuous flow of air through the lungs, ensuring that oxygen-rich air is constantly
Efficiency supplied to the respiratory surfaces, even during both inhalation and exhalation.

This unidirectional airflow is crucial for meeting the high oxygen demands of flying
birds.

. Bird hearts have several adaptations that make them exceptionally efficient.
nghly Their heart rates can increase significantly during flight to meet the increased oxygen
Efficient demands of their muscles.
Hearts the ventricles of the heart are highly muscular, enabling more forceful contractions
and efficient pumping of oxygenated blood to the rest of the body.




. «* Birds have a dense network of arteries and capillaries that
Unique Vascular supply oxygen-rich blood to their muscles, particularly the
System powerful flight muscles.
«» This vascular system ensures that oxygen is efficiently
delivered to where it is needed most.

«» Birds, like mammals, have a blood-brain barrier that protects
Circulation to th the brain from harmful substances in the bloodstream while
IFCHIation tO the allowing essential nutrients and gases to pass through.

Brain

«» This protection is crucial for maintaining brain function,
especially during the physical stresses of flight.



Unit 3

Mechanism of respiration, Transport and exchange of gases, Neural control of
respiration-chemoreceptors, Hypoxia, Respiration in birds, Structure and function of
kidney, Formation of urine, Methods of studying renal function, Renal regulation of acid-
base balance, Physiological constituents of urine, Renal failure-passive venous
congestion, Urinary secretion in chicken, Sweat glands and their function, Biochemical

test for urinary dysfunction.
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What is chloride shift? Define its role in carbon dioxide transport in mammalian animals? (2012)

Describe biochemical tests for urinary dysfunction? (2013)

How do cows exchange gases and acquire energy? (2014)

What is the third messenger concept? Why and how is uric acid formed in birds? (2015)

How is urine formed? Discuss the role of aldosterone and antidiuretic hormone (ADH) in this process? (2016)
What do you mean by acid base balance? Explain how it is regulated by the kidney? (2019)

Discuss the control of aldosterone secretion by renin- angiotensin mechanism? (2020)

Describe the mechanism of respiration in poultry? (2021)

Differentiate between normal and abnormal constituents of urine? (2021)

Describe the role of chemoreceptors in regulation of respiration in avians? (2022)

Describe the interrelationship of renal acidosis and secondary hyperparathyroidism in dogs suffering from
chronic nephritis? (2022)

Describe the different types of hypoxia in animals? (2023)

Describe the factors regulating glomerular filtration rate in animals? (2023)



Respiration

* Biological process by which living organisms take in oxygen and release carbon dioxide.
e |tis a fundamental process for the production of energy within cells.

o T~

External Respiration (Breathing) Internal Respiration (Cellular

v Respiration) v

 The process of inhaling oxygen from the
surrounding environment and exhaling
carbon dioxide.

e |t takes place in specialized respiratory
organs such as the lungs in humans.

* External respiration facilitates the
exchange of gases between the
organism and its external environment.

 The biochemical process that occurs
within cells where oxygen is utilized to
generate energy from nutrients, and
carbon dioxide is produced as a
byproduct.

e process occurs in the mitochondria of
cells and is essential for the production
of adenosine triphosphate (ATP)



Internal or cellular respiration involves various types or stages

Glycolysis

Citric Acid Cycle
(Krebs Cycle)

Electron Transport
Chain (ETC)

Oxidative
Phosphorylation

The initial stage of cellular respiration that takes place in the cytoplasm.
the breakdown of one molecule of glucose into two molecules of pyruvate.
the primary purpose is to provide substrate molecules for the subsequent stages.

This cycle occurs in the mitochondria and completes the breakdown of glucose. The
citric acid cycle generates high-energy molecules (NADH and FADH?2) that carry
electrons to the next stage.

Located in the inner mitochondrial membrane, the electron transport chain is a series
of protein complexes that transfer electrons from NADH and FADH?2.

As electrons move through the chain, energy is released and used to pump protons
across the membrane, creating an electrochemical gradient.

This final stage couples the movement of protons back into the mitochondrial matrix
with the synthesis of ATP.

The enzyme ATP synthase is involved in the production of ATP as protons move through
it.



Mechanism of respiration

oa
»

(Ventilation):

Gas Exchange

in the Lungs

the inhalation and exhalation of air.

When you breathe in (inhalation), the diaphragm contracts and moves downward,
while the intercostal muscles between the ribs contract, expanding the chest cavity.
expansion reduces air pressure in the lungs, causing air to rush in.

When you breathe out (exhalation), the diaphragm and intercostal muscles relax,
reducing the chest cavity's size, and air is pushed out.

Oxygen from the inhaled air moves from the lungs into the bloodstream through
diffusion.

This occurs in the alveoli, tiny air sacs in the lungs surrounded by capillaries.

Oxygen passes through the thin walls of the alveoli and enters the blood while carbon
dioxide moves from the blood into the alveoli to be exhaled.



Transport of

Gases

Cellular

Respiration

Oxygen binds to hemoglobin in red blood cells, forming oxyhemoglobin, which is
carried by the bloodstream to tissues and cells throughout the body.

Carbon dioxide produced by cellular metabolism binds to the blood's plasma or
combines with water to form bicarbonate ions, which are transported back to
the lungs to be exhaled.

* Inside the cells, oxygen is used in the process of cellular respiration to
produce energy (in the form of ATP) by breaking down glucose.

* This process releases carbon dioxide as a byproduct, which is then
transported back to the lungs for removal



Transport and exchange of gases

Breathing The process of inhaling and exhaling air, which brings oxygen into the body and
WEIET)BE  removes carbon dioxide.

Gas Exchange This happens in the alveoli, where oxygen from inhaled air diffuses into the
bloodstream while carbon dioxide moves from the blood into the alveoli to be
exhaled.

in the Lungs

Transport of Oxygen binds to hemoglobin in red blood cells, forming oxyhemoglobin, and is carried
by the bloodstream to tissues. Carbon dioxide produced by cells diffuses into the blood

Gases
to be transported back to the lungs for removal.




Carbon dioxide transport in the blood

Dissolved Form About 5-7% of carbon dioxide is transported in a dissolved form directly in the plasma

Bicarbonate Approximately 70-80% of carbon dioxide is transported in the form of bicarbonate
(HCO3-) ions in the plasma.

Carbamino- Roughly 20-25% of carbon dioxide binds directly to hemoglobin, forming
hemoglobin carbaminohemoglobin.
Formation

* |n tissues, where carbon dioxide is produced, chloride ions (Cl-) move into red

Reverse Chloride blood cells to balance the charge as bicarbonate ions move out.
Shift  This phenomenon is known as the reverse chloride shift. In the lungs, this

process is reversed, ensuring efficient exchange of carbon dioxide.



Circulatory System

Oxygen Rich blood from the lungs is pumped by the heart to the rest of the body through
Blood Circulation arteries.

* Oxygen is delivered to tissues and cells, and carbon dioxide is picked up from the cells

e At the capillary level, oxygen diffuses from the blood into tissues, and carbon dioxide
moves from tissues into the blood.

Capillary Exchange

Cellular Respiration: Inside the cells, oxygen is used in cellular respiration to produce energy
Tissues and Cells (ATP) by breaking down nutrients, especially glucose.

generates carbon dioxide as a byproduct.

Exchange in e At the cellular level, oxygen diffuses from the bloodstream into cells, while carbon dioxide
Peripheral Tissues

produced by cellular metabolism moves from the cells into the bloodstream to be
transported back to the lungs.

e Carbon dioxide rich blood returns to the lungs through the veins, and carbon dioxide is
exchanged from the blood into the alveoli to be exhaled during the breathing process.




Chloride shift and its role in carbon dioxide transport in mammalian animals

The chloride shift, also
known as the Hamburger
phenomenon

physiological process that
plays a crucial role in the
transport of carbon dioxide
(CO2) in mammalian animals
within red blood cells
(erythrocytes).

T v _-_-i
Capillary COy Systemic
endothelium capillary

Alveolus

HCOq

Its primary function is to maintain pH balance and
prevent excessive acidity in the blood caused by the
formation of carbonic acid (H2CO3) when CO2 combines

with water (H20).



CO2 is produced in tissues during metabolism and dissolves in the bloodstream, forming
carbonic acid (H2CO3) when it reacts with water.

CO2 Dissolution

————- Within red blood cells (erythrocytes), the enzyme carbonic anhydrase facilitates the
Bicarbonate conversion of CO2 and water into carbonic acid, which further dissociates into bicarbonate
ions (HCO3-) and hydrogen ions (H+).

Red blood cells play a central role. They contain carbonic anhydrase and serve as carriers of
CO2.

To maintain electrical balance within erythrocytes, chloride ions (Cl-) are transported into
the cells from the plasma, compensating for the increasing bicarbonate ions (HCO3-)
produced from CO2.

Chloride Shift

Transport of
Bicarbonate

Bicarbonate ions are transported from tissues to the lungs in the bloodstream

In the lungs, bicarbonate ions are transported in red blood cells from the plasma, while

Process in - )
chloride ions move back into the plasma.

CO2

B e In the lungs, CO2 is released from bicarbonate ions from rbc and exhaled.




Neural control of respiration chemoreceptors

 The neural control of respiration, including the regulation of breathing rate and

depth, is a complex process involving various neural pathways and feedback
mechanisms.

 Chemoreceptors play a crucial role in this regulation by sensing changes in the
levels of oxygen (02), carbon dioxide (CO2), and pH in the blood and
cerebrospinal fluid.

 There are two primary types of chemoreceptors involved in respiratory control:
peripheral chemoreceptors and central chemoreceptors.



Peripheral Chemoreceptors

* |ocated outside the CNS  Pa02 decreases or the
and are primarily found PaCO2 increases or when
in the carotid bodies and there is a decrease in
aortic bodies. blood pH peripheral

e Carotid bodies are chemoreceptors are

Medulla

Glossopharyngeal nerve

Yagus nenve

located near the stimulated.
bifurcation of the el oy
common carotid arteries
in the neck.
Aortic bodies Stimulation of peripheral

chemoreceptors leads to the
transmission of signals via the
glossopharyngeal nerve (IX) and
vagus nerve (X) to the respiratory
centers in the medulla oblongata
and pons of the brainstem.

* Aortic bodies are situated
in the aortic arch.

e sensitive to changes in
the Pa02, PaC0O2, and pH
in the arterial blood.



Central Chemoreceptors

Central chemoreceptors are located within the CNS, primarily in the medulla oblongata, near the ventral
surface.

peripheral chemoreceptors, central chemoreceptors primarily respond to changes in the pH of the
cerebrospinal fluid (CSF), rather than changes in blood gases.

Carbon dioxide readily crosses the blood brain barrier and is converted to bicarbonate ions in the CSF, leading
to changes in CSF pH.

An increase in CSF CO2 levels leads to an increase in H+ ions and a decrease in pH, which stimulates central
chemoreceptors.

These central chemoreceptors signal the respiratory centers in the brainstem, primarily the medullary
respiratory center.

The medullary respiratory center, in response to central chemoreceptor stimulation, adjusts ventilation by
altering the rate and depth of breathing.



Hypoxia

e Hypoxia is a medical condition characterized by a deficiency in the supply of oxygen to the body's
tissues and organs.

* |t can occur when the oxygen levels in the blood and tissues are lower than what the body needs to
function properly.

e occurs when there is a reduced amount of oxygen available in the air that we breathe.
Hypoxic Hypoxia e caused by high altitudesor by breathing in an environment with reduced oxygen
concentration, confined space with poor ventilation.

e results from a decrease in the oxygen carrying capacity of the blood.
Anemic Hypoxia  conditions like anemia, where there is a decreased number of red blood cells or a
reduced amount of hemoglobin, the protein responsible for carrying oxygen in the blood.

Circulatory * issue with the circulation of blood, preventing the delivery of oxygen to the tissues.
Hypoxia Conditions such as heart failure, shock, or severe blood loss can lead to circulatory
hypoxia.

when the body's cells are unable to effectively utilize the oxygen that is delivered to
them. caused by the presence of toxins or metabolic inhibitors that interfere with the
cellular machinery responsible for oxygen utilization.

Histotoxic
Hypoxia




Common symptoms of hypoxia

* Shortness of breath

e Rapid breathing (tachypnea)

e Cyanosis (bluish discoloration of the skin and mucous membranes)
* Confusion or altered mental state

* Dizziness or lightheadedness

* Rapid heartbeat (tachycardia)




Respiration in birds

Highly efficient and unique
process that allows them to meet
the high oxygen demands
necessary for their high metabolic
rates and the energy required for
activities like flying.

Birds have evolved a specialized
respiratory system that sets
them apart from mammals and
many other animals.

Air Sacs

Cervical air-sacs (2)

Interclavicular air-sacs (1)

Anterior Thoracic air-sacs (2)

Posterior Thoracic air-sacs (2)



* Birds have a system of air sacs in addition to their lungs.

 These air sacs are interconnected throughout the bird's body, including in the bones.

* anterior and posterior. These air sacs allow for a continuous flow of air through the
respiratory system, which is different from the tidal breathing seen in mammals.

* inhalation and exhalation.

Two Step . mhalatpn, al.r moves through the trac.hea !nto thfe posterior air sacs.

* exhalation, air moves from the posterior air sacs into the lungs.

e during a second inhalation, fresh air moves from the trachea into the lungs.

* during a second exhalation, air from the lungs is expelled out of the bird's body.

Respiration

The avian lung has a unique structure called parabronchi, where air flows in one
Crosscurrent direction while blood flows in the opposite direction.
Exchange ThIS arrar!gement allows for efficient gas exchange and ensures that oxygen rich air
is always in contact with oxygen poor blood.




High Oxygen
Extraction

Flight

No
Diaphragm

Birds have a remarkable ability to extract a high percentage of

oxygen from the air they breathe.
The efficiency of this process is crucial for their high metabolic

demands, especially during activities like flying

During flight, birds use their air sacs to store and move air

through their respiratory system efficiently.
This continuous flow of oxygen rich air allows for the sustained

energy required for flying.

birds do not have a diaphragm to assist in breathing.
their ribcage expands and contracts to facilitate air movement.

Muscles connected to the ribs play a key role in this process.



Role of chemoreceptors in regulation of respiration in avians

Central
Chemoreceptors

Chemoreceptors

Peripheral

Ventilation Control

During Flight

Located in the medulla oblongata of the brainstem, these chemoreceptors are
sensitive to changes in cerebrospinal fluid pH, which is influenced by blood CO2 levels.
When CO2 levels rise, central chemoreceptors stimulate increased breathing to remove

excess CO2 and restore proper blood pH.

Found in the carotid bodies near the base of the carotid arteries, peripheral
chemoreceptors respond to changes in arterial blood 02 levels (PO2), blood pH, and

CO2 levels.
They play a crucial role in adjusting respiratory rate and depth in response to variations

in oxygen availability, especially during flight.
Birds rely on rapid respiratory adjustments during flight to meet increased metabolic

demands.

Chemoreceptors help monitor and regulate respiration during flight, ensuring an
adequate supply of O2 and efficient removal of CO2.



Structure of the Kidney Renal Pelvis

The renal pelvis is a funnel shaped
structure at the center of the kidney
that collects urine from the

Renal Cortex collecting ducts.

* The outermost layer of the Urine then flows from the renal

pelvis into the ureter, which carries

Renal column It tO the bladder.

Medullary Pyramid

Calyx

kidney is called the renal cortex.

* |t contains millions of functional
units known as nephrons, which
are responsible for filtering the
blood.

Renal Artery
Renal Vein

Pelvis

Ureter
Renal Medulla Renal Capsule  Renal Artery and Vein
Beneath the renal cortex is the renal Cortex The renal artery carries oxygenated
medulla, which consists of renal pyramids. blood to the kidney for filtration,
Each pyramid contains tubules and while the renal vein carries filtered
collecting ducts that transport urine from and deoxygenated blood away from

the nephrons to the renal pelvis. the kidney.



Functions of the Kidney

Filtration:

The primary function of the
kidney is to filter the blood
to remove waste products
and excess substances.

This filtration occurs in the
nephrons, which consist of a
renal corpuscle (glomerulus
and Bowman's capsule) and
a renal tubule.

Structure of a nephron

Ranal corpuscle
1

I 1
Bowman's

Glomerulus

Loop of Hanla
L/

Froximal tubule

Distal

tubule

Collecting
duct

4

Reabsorption:

After filtration, the renal
tubules reabsorb essential
substances, such as glucose,
amino acids, and the majority
of water and electrolytes,
back into the bloodstream.



Functions of the Kidney

Regulation of

Blood Pressure

Acid Base
Balance:

Hormone

Production

The kidney also secretes certain substances, including hydrogen ions (H+) and
potassium ions (K+), into the renal tubules

* The kidneys play a critical role in regulating blood pressure through the renin angiotensin
aldosterone system (RAAS).

When blood pressure drops, the kidneys release renin, which ultimately leads to the production
of angiotensin Il and aldosterone.

* Angiotensin Il causes vasoconstriction and stimulates aldosterone secretion, leading to increased
sodium and water reabsorption, which raises blood pressure.

The kidneys help maintain the body's acid base balance by excreting hydrogen ions and
reabsorbing bicarbonate ions.

The kidneys produce several important hormones, including erythropoietin, which stimulates
the production of red blood cells in response to low oxygen levels, and calcitriol (the active form
of vitamin D), which regulates calcium and phosphorus metabolism.



Formation of Urine

* Blood enters the kidneys through the renal arteries, and the high-pressure filtration of blood
plasma occurs in the glomerulus, a network of tiny capillaries within each nephron.

 Water, electrolytes, waste products (e.g., urea, creatinine), and other small molecules are
filtered from the bloodstream into the renal tubules to form the initial filtrate.

* As the filtrate moves along the renal tubules, essential substances like glucose, ions
(sodium, potassium, calcium), and water are selectively reabsorbed back into the
bloodstream.

* This process occurs in the proximal convoluted tubule, loop of Henle, distal convoluted

tubule, and collecting ducts. The reabsorption of water is a critical step in regulating
urine volume and concentration

Reabsorpti

« Some substances, such as excess potassium ions (K+), hydrogen ions (H+), and certain
drugs, are actively secreted from the blood into the renal tubules.
* This process helps maintain electrolyte balance and pH regulation.




Factors that regulate GFR in animals

Renal Blood Flow

Blood Pressure

Autoregulation

Sympathetic
Nervous System

Renal Autacoids

The rate at which blood flows into the glomerulus affects GFR. Changes in the diameter of the
afferent and efferent arterioles can control the blood flow and, consequently, GFR.

Blood pressure plays a significant role in regulating GFR. High blood pressure can lead to increased
GFR, while low blood pressure can decrease it. The kidneys can adjust the resistance of the
arterioles to maintain GFR within a normal range.

The kidneys have autoregulatory mechanisms to maintain a relatively constant GFR despite
fluctuations in blood pressure. The myogenic response and tubuloglomerular feedback
mechanisms help achieve this stability.

Hormones like angiotensin Il and natriuretic peptides can influence GFR. Angiotensin Il can constrict
the efferent arterioles, increasing GFR, while natriuretic peptides can relax the mesangial cells and
dilate the glomerular capillaries, reducing GFR.

Activation of the sympathetic nervous system can lead to vasoconstriction of renal blood vessels,
reducing GFR. This response is part of the body's fight-or-flight reaction.

Local substances like prostaglandins can affect GFR by influencing the dilation or constriction of
the afferent and efferent arterioles.



Role of Aldosterone

Aldosterone is a hormone produced by the adrenal glands, specifically the
adrenal cortex. It acts on the distal convoluted tubules and collecting ducts
of the nephrons.

Aldosterone increases the reabsorption of sodium ions (Na+) from the renal
tubules into the bloodstream, which, in turn, increases water reabsorption.
This hormone also promotes the excretion of potassium ions (K+).

Aldosterone helps regulate blood pressure, blood volume, and electrolyte
balance by increasing sodium and water reabsorption and potassium
excretion.



Role of Antidiuretic Hormone (ADH)

 ADH, also known as vasopressin, is produced by the hypothalamus and released by the
posterior pituitary gland.

 ADH acts on the collecting ducts of the nephrons. It increases the permeability of the
collecting ducts to water, allowing more water to be reabsorbed from the renal tubules

into the bloodstream. This results in concentrated urine with reduced volume.

* ADH secretion is stimulated by factors such as high blood osmolarity (increased solute
concentration) or low blood volume, signaling the need for water conservation.

 ADH helps regulate body fluid osmolarity and maintain proper hydration.



Control of aldosterone secretion

Renin Release

Conversion of
Angiotensinogen
to Angiotensin |

Conversion of
Angiotensin | to
Angiotensin Il

The process begins with the release of renin from specialized cells in the
juxtaglomerular apparatus of the kidneys. Several factors can stimulate renin release,
including low blood pressure, low blood volume, or sympathetic nervous system activity.

Renin acts on angiotensinogen, an inactive plasma protein produced by the liver, to
convert it into angiotensin I.

Angiotensin | is relatively inactive, but it is further converted into angiotensin Il by the
enzyme angiotensin-converting enzyme (ACE), primarily found in the lungs but also
present in other tissues. Angiotensin Il is a potent vasoconstrictor, meaning it narrows
blood vessels, increasing blood pressure. It also has direct effects on the adrenal glands.



Stimulation of

Aldosterone
Secretion

Negative Feedback

Angiotensin Il stimulates the adrenal cortex, specifically the zona glomerulosa, to
secrete aldosterone.
Aldosterone is a hormone that plays a central role in regulating sodium and

potassium balance. It acts on the distal convoluted tubules and collecting ducts in
the kidneys.

As aldosterone acts to increase blood volume and pressure, it also exerts
negative feedback on the renin-angiotensin system.
When blood pressure and volume return to normal, renin release decreases,

leading to reduced angiotensin Il production and subsequently decreased
aldosterone secretion.



Methods of studying renal function/Biochemical test for urinary dysfunction

1.Blood Tests
\ Blood Urea Nitrogen (BUN)

* BUN levels measure the amount of urea
nitrogen in the blood, a waste product that
the kidneys typically eliminate.

* Elevated BUN levels can indicate kidney
dysfunction.

Serum Creatinine

 Serum creatinine levels are routinely measured
to estimate glomerular filtration rate (GFR), a
key indicator of kidney function.

* Elevated levels of creatinine in the blood may
suggest impaired kidney function.



2. Urinalysis

e Urinalysis is a routine test that examines the physical, chemical, and microscopic
properties of urine.

* Physical properties include color, clarity, and specific gravity.

* Chemical properties include pH, protein, glucose, ketones, bilirubin, urobilinogen, and
nitrites.

* Microscopic analysis involves examining urine sediment for the presence of red blood
cells, white blood cells, casts, crystals, and other cellular elements.

A urine dipstick test is a simple and quick method to check for the presence of abnormal substances in the
urine, such as protein, glucose, blood, or leukocytes. Abnormal results can indicate kidney disease.



3. Glomerular Filtration Rate (GFR) Measurement

 GFRis a measure of how efficiently the kidneys are filtering waste products from the blood.
e Itis often estimated using formulas like the Modification of Diet in Renal Disease (MDRD)

equation.

4. Renal Imaging

Ultrasound: Renal ultrasound is a noninvasive imaging technique that can visualize the size,
shape, and structure of the kidneys. It is often used to detect abnormalities, such as kidney stones
or cysts.

CT Scan or MRI: These imaging modalities may be used for more detailed assessments of the
kidneys and surrounding structures, especially in cases where additional information is needed.



5. Clearance Tests

Creatinine Clearance: Creatinine clearance is a test that compares the amount of creatinine excreted
in the urine to the amount of creatinine in the blood. It provides an estimate of GFR.

Inulin Clearance: Inulin is a substance that is completely filtered and not reabsorbed by the kidneys.
Inulin clearance tests provide an accurate measurement of GFR, but they are rarely used in clinical
practice due to the need for intravenous infusion of inulin.

6. Albumin to Creatinine Ratio (ACR)

ACR is a urine test that measures the amount of albumin (a protein) relative to creatinine in the urine.

Increased ACR values can be an early sign of kidney damage, especially in the context of diabetes or
hypertension.



Renal regulation of acid base balance

1.Hydrogen lon (H+) Secretion

2.Bicarbonate lon (HCO3)
Reabsorption

3.Ammonia (NH3) Formation
4.Acid Base Buffering

5.Renal Regulation of Bicarbonate
Levels




1.Hydrogen lon (H+) Secretion

* One of the primary ways the kidneys regulate acid base balance is by secreting
hydrogen ions (H+) into the urine.

* This process occurs in the renal tubules, particularly in the distal convoluted
tubules and the collecting ducts.

 Hydrogen ions are generated in the body as metabolic byproducts, and their levels
can increase in conditions such as the metabolism of dietary proteins and other
acidic substances.

 The kidneys actively transport excess hydrogen ions into the urine, helping to
eliminate them from the body.



2. Bicarbonate lon (HCO3) Reabsorption

Bicarbonate ions (HCO3) are important buffers in the body that help neutralize excess acids
and maintain a stable pH.

In the renal tubules, bicarbonate ions that are filtered by the glomerulus are typically
reabsorbed, preventing their loss in the urine.

Reabsorption of bicarbonate occurs primarily in the proximal convoluted tubule, where
carbonic anhydrase enzymes catalyze the conversion of filtered bicarbonate ions into
carbon dioxide (CO2) and water (H20).

This reaction allows for the efficient reabsorption of bicarbonate and the generation of
new bicarbonate ions for buffering.



3. Ammonia (NH3) Formation

 The kidneys can also generate ammonia (NH3) from the deamination of amino acids.
Ammonia can combine with hydrogen ions to form ammonium ions (NH4+), which are
less acidic and can be excreted in the urine.

* The production of ammonia is another mechanism by which the kidneys help eliminate
excess hydrogen ions and regulate pH.



4. Acid Base Buffering.

* The kidneys help maintain acid base balance by regulating the excretion of various ions,
including hydrogen ions, ammonium ions, and bicarbonate ions.

 The excretion of these ions is adjusted based on the body's needs and the pH of the blood
and extracellular fluid.

5. Renal Regulation of Bicarbonate Levels

* The kidneys can adjust the amount of bicarbonate ions reabsorbed or excreted based on
the body's acid base status.

* In conditions of metabolic acidosis (excess acid in the body), the kidneys increase the
reabsorption of bicarbonate ions to help raise the blood's pH.

* In conditions of metabolic alkalosis (excess base in the body), the kidneys decrease the
reabsorption of bicarbonate ions to lower the blood's pH



Physiological constituents of urine

m Water makes up the majority of urine, typically accounting for around 95% of its volume.
m Urea is a nitrogenous waste product formed in the liver as a result of the breakdown of
proteins and amino acids.

Creatinine Creatinine is a waste product generated from the breakdown of creatine phosphate in
muscle tissue

Uric acid is a waste product formed from the metabolism of purines, which are found in
certain foods and are also a component of DNA and RNA.

Ammonia is a weak base formed as a byproduct of protein metabolism. It can combine
m with hydrogen ions (H+) in the renal tubules to form ammonium ions (NH4+), which are

excreted in urine.



Sodium (Na+), Potassium
(K+), and Other
Electrolytes:

Sodium and potassium ions, along with other electrolytes (such as chloride and
bicarbonate), are present in urine.

Organic Acids and Various organic acids and bases may be excreted in urine, including hippuric acid,
Bases citric acid, and oxalic acid.

Urine may contain pigments that contribute to its color. The primary pigment
. responsible for the yellow color of urine is urochrome, while other pigments,
Pigments - . o . .

such as urobilin and uroerythrin, can give rise to different colors under certain

conditions.

Trace Elements and Small amounts of trace elements, hormones, vitamins, and other metabolic
Metabolites waste products may also be found in urine




Under normal conditions, glucose is not present in urine because the kidneys
efficiently reabsorb it. The presence of glucose in urine (glycosuria) is typically
a sign of diabetes or other metabolic disorders.

Normally, only very small amounts of protein are found in urine (trace or
"microalbuminuria").

* Healthy urine should not contain significant numbers of blood cells, white

blood cells, or other cellular elements.
* The presence of these elements may indicate infection, inflammation, or

other medical conditions.

Cells and Cellular
Elements



Abnormal Constituents of Urine

Blood: The presence of blood in urine (hematuria) can indicate underlying medical
conditions such as urinary tract infections, kidney stones, or injury.

Protein: Proteinuria refers to the abnormal presence of excess protein in urine and can be
a sign of kidney disease or other health issues.

Glucose: Glycosuria is the presence of glucose in urine, which can be a sign of
uncontrolled diabetes.

Ketones: Ketones in urine can be a sign of poorly controlled diabetes or other metabolic
disorders.



Bilirubin: Bilirubin in urine may indicate liver or gallbladder problems, as
it is typically processed by the liver.

Leukocytes: The presence of white blood cells in urine (pyuria) can be a
sign of infection or inflammation in the urinary tract.

Crystals: Crystals can form in urine and may indicate kidney stones or
certain metabolic disorders.

Bacteria: The presence of bacteria in urine (bacteriuria) is abnormal and
usually indicates a urinary tract infection.

Cells: The presence of abnormal cells in urine may indicate underlying
health issues, such as cancer.



Renal failure passive venous congestion

* Passive venous congestion, also known as passive renal congestion or renal venous
congestion, is a condition that can occur as a result of various underlying medical
conditions, particularly in the context of heart failure.

* Passive venous congestion in the kidneys is characterized by the accumulation of
deoxygenated blood in the renal veins and reduced blood flow to the kidneys due to

impaired cardiac function.



Causes.

Heart Failure

Reduced Cardiac

Output

Increased
Venous Pressure

e Heart failure is a condition in which the heart's ability to pump blood effectively is

compromised.
 When the heart fails to pump blood efficiently, it can lead to a backlog of blood in

the circulatory system, including the veins that return blood from various body
organs, including the kidneys.

* In heart failure, the heart's reduced ability to pump blood can result in decreased

cardiac output.
* This means that less blood is being ejected by the heart with each contraction,

which can lead to a buildup of blood in the systemic veins, including those that
drain blood from the kidneys.

High venous pressure can impede the flow of oxygenated blood into the kidneys,
which are highly dependent on a continuous and adequate blood supply for their

function.



The accumulation of blood in the systemic veins causes an increase in venous
Reduced Blood pressure throughout the body, including in the renal veins. Elevated venous
Flow

pressure within the kidneys can have several negative effects

The kidneys rely on proper blood flow to maintain filtration and remove waste
Impaired products from the bloodstream. Reduced blood flow can impair the kidneys'

. . ability to filter blood effectively, leading to decreased glomerular filtration rate
Filtration (GFR).

The accumulation of deoxygenated blood in the renal veins can cause
Renal congestion within the kidneys.

Congestion .

This congestion can further compromise renal function and contribute to fluid

retention, electrolyte imbalances, and other complications associated with
heart failure.



Chronic nephritis:

Chronic nephritis, also known as chronic kidney disease (CKD), is a progressive condition characterized by

the gradual loss of kidney function over time.

This can lead to several metabolic and hormonal imbalances, including disturbances in acid-base balance
and disruptions in the regulation of parathyroid hormone (PTH) secretion.

«—

Renal Acidosis in Chronic Nephritis:

the kidneys' ability to excrete hydrogen ions
(H+) and reabsorb bicarbonate ions (HCO3-) is
impaired.

accumulation of H+ ions and a decrease in
HCO3- ions in the bloodstream.

The resulting metabolic acidosis, known as
renal acidosis, can have various detrimental
effects on the body, including muscle wasting,
bone demineralization, and a decrease in the
body's ability to buffer acids.

Secondary Hyperparathyroidism:

In response to the metabolic acidosis
associated with renal dysfunction, the
parathyroid glands become overactive.

PTH plays a crucial role in regulating calcium
and phosphate levels in the blood. When the
blood becomes acidic (as in renal acidosis), PTH
secretion increases to help raise blood calcium
levels and lower phosphate levels.



Process of urinary secretion in chicken

* Chickens, like all birds, have two functional kidneys.

Formation * These kidneys filter the blood and play a crucial role in maintaining the
of Uric Acid electrolyte balance and excreting nitrogenous waste products.
* Inthe renal tubules of the chicken's kidneys, uric acid is formed from the

breakdown of amino acids and other nitrogenous compounds.

* Uric acid is actively transported from the blood into the renal tubules in the
chicken's kidneys. This secretion process involves specialized transport

mechanisms in the tubular cells.
 Asuric acid accumulates in the tubules, it combines with other ions, such as

sodium (Na+) and potassium (K+), to form urate salts.

Secretion

of Uric Acid

The urate salts, along with other waste products and excess ions, are then eliminated
from the body by being transported from the renal tubules into the cloaca.




Sweat glands and their function:

Sweat is composed mainly of water, but it also contains small amounts of electrolytes (such as sodium and
potassium) and waste products.

Apocrine Sweat Glands:
e Apocrine sweat glands are found primarily in the
axillary (underarm) and genital regions of the body.

Eccrine Sweat Glands:

* Eccrine sweat glands are the most
numerous.

e found in almost all regions of the skin,
with a particularly high density on the
palms of the hands, soles of the feet,
forehead, and underarms.

 The primary function of eccrine sweat
glands is thermoregulation, which means
regulating the body's temperature.

e Unlike eccrine glands, apocrine sweat glands
produce a thicker and more viscous secretion that
contains proteins and lipids.

e Apocrine sweat is involved in emotional and stress
induced sweating.

* Itis not primarily involved in thermoregulation but
rather has a role in the body's response to
emotional or psychological stress.



Functions of Sweat Glands:

Sweat glands help eliminate certain waste products from the

body, including small amounts of urea, ammonia, and uric
acid.

Sweat contributes to the hydration of the skin's surface,
preventing excessive dryness and promoting healthy skin.

Skin Hydration

Sweat contains antimicrobial peptides and proteins that help

Immune Defence protect the skin from infections.




Unit 4

Endocrine glands, Functional disorders, their symptoms and diagnosis, Synthesis of
hormones, mechanism and control of secretion, Hormonal receptors classification
and function, Prenatal and postnatal growth, maturation, growth curves, measures of
growth, Factors affecting growth, conformation, body composition, meat quality.



UPSC PYQs

Describe different hormones of the adrenal cortex and their physiological functions? (2013)

Name the hormones secreted from the pituitary gland. Discuss the role of pituitary gland in regulation of oestrous cycle in
bovine? (2015)

Briefly discuss different types of hormone receptors and their role in signal transduction? (2016)

Discuss the role of endocrine glands along with their secretory hormones for cell growth? (2017)

Enlist various hormones secreted by different reproductive organs. Write their nature, source and main functions? (2019)
Discuss the role of specific tissue growth factors in animals? (2020)

How is hormone secretion regulated in animals? Explain? (2020)

What are gastrointestinal hormonal substances? Write their action and stimulus for release? (2020)

Differentiate between endocrine and exocrine glands? (2020)

Describe the pathways for regulation of hormone secretion from adenohypophysis of animals? (2022)

Enlist the hormones secreted from the anterior pituitary gland and describe the physiological role of these hormones? (2023)
What is pre- natal and post- natal growth? Discuss the various factors influencing the postnatal growth in animals? (2017)
Write in brief about the growth curve? (2018)

Differentiate between prenatal and post- natal growth? (2020)

Describe the various factors which affect the growth of animals? (2022)

Describe the various methods for assessment of postnatal growth in animals? (2023)



Differentiate between endocrine and exocrine glands

Feature

Endocrine Glands

Exocrine Glands

Mode of Secretion

Release hormones into the
bloodstream

Use ducts to deliver products
locally

Secretory Products

Hormones (e.g., for growth,
metabolism, stress)

Substances for digestion,
lubrication, temperature regulation

Target of Secretions

Distant organs with specific
hormone receptors

Localized effects on nearby
tissues or surfaces

Examples

Pituitary, thyroid, adrenal,
pancreas (endocrine)

Salivary, sweat, sebaceous,
digestive glands

Ducts

No ducts; direct hormone release
into bloodstream

Use ducts to transport secretions

Regulatory Mechanisms

Controlled by feedback loops,
stimuli affecting hormone levels

Regulated by neural signals,
hormones, or local factors based
on function




Thyroid Gland

Hyperthyroidism Hypothyroidism
* Thyroid gland produces an excessive amount of e characterized by an underactive thyroid gland,
thyroid hormones (T3 and T4). resulting in insufficient thyroid hormone
* Symptoms: Weight loss, rapid heartbeat, anxiety, production.
irritability, heat intolerance, and bulging eyes (in * Symptoms: Fatigue, weight gain, cold
Graves' disease). intolerance, depression, dry skin, and hair loss.
* Diagnosis: Blood tests to measure thyroid * Diagnosis: Blood tests to assess T3, T4, and
hormone levels and thyroid-stimulating TSH levels.

hormone (TSH) levels, along with imaging
studies like thyroid ultrasound or scintigraphy.



Pituitary Gland

o These are benign tumors that can lead to either hypersecretion or
Pituitary Adenomas hyposecretion of pituitary hormones

Diagnosis:
MRI or CT scans to visualize the
pituitary gland.

Symptoms:

Depending on the hormone

affected, symptoms may include

vision changes, headaches, fatigue,

menstrual irregularities, and

growth abnormalities.



Adrenal Glands

Cushing's Syndrome:

This disorder results from excessive cortisol
production by the adrenal glands.
Symptoms:

Weight gain, round face (moon face), buffalo
hump, high blood pressure, and thinning of
the skin.

Diagnosis:

24-hour urine cortisol test, dexamethasone

suppression test, and blood tests for cortisol
levels.

Addison's Disease:

Addison's disease occurs when the adrenal glands
fail to produce enough cortisol and aldosterone.
Symptoms:

Fatigue, weight loss, low blood pressure, nausea,
and darkening of the skin.

Diagnosis:

Blood tests to measure cortisol and aldosterone
levels, as well as an ACTH stimulation test.



Pancreas

Diabetes Mellitus:

This chronic condition results from the pancreas's inability to produce enough insulin or the
body's resistance to insulin.

Increased thirst, frequent Fasting blood glucose test, oral
urination, fatigue, and glucose tolerance test, and HbAlc

unexplained weight loss. measurement.



Parathyroid Glands:

A . When the parathyroid glands produce excessive parathyroid
HyperparatherIdlsm' hormone (PTH), it can lead to elevated blood calcium levels.

\

Diagnosis:
Blood tests to measure calcium and PTH
levels.

Symptoms:
Kidney stones, bone pain, fatigue, and
abdominal pain.



Ovaries and Testes:

» T

Polycystic Ovary Syndrome (PCOS): Hypogonadism
Common in women, PCOS is characterized by Thlshcondltlon I|onvorllves madc-equate produc’Flon. of
hormonal imbalances leading to irregular sex hormones by the testes in men or ovaries in
periods, infertility, and other symptoms. women.
Symptoms: Symptomes:
Reduced libido, infertility, fatigue, and mood
Irregular menstruation, excessive hair growth, SNEMFES:
acne, and weight gain. . .
ShE Diagnosis:

Diagnosis: Blood tests for sex hormone levels.

Medical history, physical examination, and blood
tests to assess hormone levels.



Hormone of Pituitary Gland

Anterior Pituitary Hormones:

Growth Hormone
(GH):

Prolactin (PRL):

Thyroid-Stimulating
Hormone (TSH):

Adrenocorticotropic
Hormone (ACTH):

Follicle-Stimulating
Hormone (FSH):

Luteinizing Hormone
(LH):

GH stimulates growth, cell reproduction, and regeneration in the body. It promotes the growth of
bones and tissues and plays a role in regulating metabolism.

Prolactin stimulates the production of milk in mammary glands after childbirth and supports
lactation.

TSH stimulates the thyroid gland to produce thyroid hormones, which regulate metabolism and
energy balance.

ACTH stimulates the adrenal cortex to produce cortisol, a hormone involved in the stress response
and metabolism.

FSH plays a key role in the reproductive system by stimulating the growth and maturation of
ovarian follicles in females and sperm production in males.

LH also plays a vital role in reproduction. In females, it triggers ovulation and helps maintain the
corpus luteum, which produces progesterone. In males, it stimulates the testes to produce
testosterone.



Posterior Pituitary Hormones

* Oxytocin is involved in uterine contractions during
childbirth and milk ejection during breastfeeding.

* It also plays a role in social bonding and emotional
behaviors.

 ADH regulates water balance in the body by controlling
Antidiuretic the reabsorption of water in the kidneys.

Hormone (ADH) * |t helps maintain proper blood pressure and prevents
or Vasopressin excessive water loss.




Role of pituitary gland in Regulation of the estrous (estrus) cycle in bovine

(cattle):

. * During the early part of the estrous cycle, FSH from the anterior pituitary
Follicular . . o :
stimulates the growth and development of ovarian follicles in the ovaries.

Phase « These follicles contain the eggs (ova) and produce estrogen.

* As the follicles mature, there is a surge in LH secretion from the anterior pituitary,

known as the LH surge.
This surge triggers ovulation, where a mature follicle releases an egg from the

ovary.

Preovulatory
Surge

e After ovulation, the empty follicle transforms into the corpus luteum, which

Luteal Phase secretes progesterone.
* This hormone is vital for maintaining pregnancy if fertilization occurs.

If fertilization does not occur, the corpus luteum regresses, progesterone levels drop, and the
cow returns to the follicular phase of the estrous cycle, starting the process again.



Hormones secreted by different reproductive organs.

Ovaries:
Estrogens (estradiol, estrone, estriol) and Progesterone.

Nature: These hormones are steroids.

Source: Ovaries (specifically, the ovarian follicles and corpus luteum).

Main Functions:

* Estrogens promote the development of female secondary sexual characteristics.

* They regulate the menstrual cycle, promoting the growth and maturation of ovarian
follicles.

* Progesterone prepares the uterus for potential pregnancy, supporting implantation and
maintaining the uterine lining during pregnancy.



Testes: Testosterone

Nature: Testosterone is a steroid hormone.
Source: Testes (Leydig cells).

Main Functions:

* Testosterone is responsible for the development of male secondary sexual characteristics
(e.g., facial hair, deep voice).

* |t stimulates sperm production (spermatogenesis).

* It plays arolein libido and sexual function.



Placenta (during pregnancy):

Human Chorionic Gonadotropin (hCG), Estrogens (mainly estriol), Progesterone, Human Placental Lactogen
(hPL).

Nature: These hormones include proteins (hCG and hPL) and steroids (estrogens and progesterone).
Source: placenta (trophoblast cells).

Main Functions:

* hCG supports the corpus luteum in the early stages of pregnancy, maintaining progesterone production.
* Estrogens and progesterone support fetal development and maintain the uterine lining.
* hPL regulates maternal glucose metabolism and supports fetal growth.



1. Mineralocorticoids: Aldosterone

Physiological Function:

* Aldosterone plays a crucial role in regulating electrolyte balance, particularly sodium
and potassium.

* |t acts on the distal tubules and collecting ducts of the kidneys to increase sodium
reabsorption and potassium excretion.

* This action helps maintain blood pressure and blood volume by controlling the
concentration of these ions in the blood.



Glucocorticoids:

Cortisol (also known as hydrocortisone):

Physiological Function:

Gluconeogenesis: Cortisol promotes the conversion of amino acids and glycerol into glucose in the liver,
helping to maintain blood glucose levels during fasting or stress.

Anti-inflammatory and Immunosuppressive Effects: Cortisol suppresses the immune response
and reduces inflammation, making it a valuable component of the body's stress response. Synthetic
glucocorticoids are used as anti-inflammatory medications.

Protein Metabolism: Cortisol can lead to protein breakdown in tissues, which provides amino acids for
gluconeogenesis.

Lipid Metabolism: Cortisol stimulates the breakdown of fat stores to provide energy during periods of
stress.

Stress Response: Cortisol is often referred to as the "stress hormone" because its levels rise in response to
physical or psychological stressors.



Androgens: Dehydroepiandrosterone (DHEA) and Androstenedione:

Physiological Function:
 These weak androgens are precursors to more potent sex hormones like testosterone and

estrogens.
While they have weaker masculinizing or feminizing effects compared to the primary sex hormones,
they contribute to sexual development and libido in both males and females.

* It'simportant to note that the secretion of these hormones is regulated by the hypothalamic-pituitary-
adrenal (HPA) axis.

 The hypothalamus releases corticotropin-releasing hormone (CRH), which stimulates the anterior
pituitary gland to produce adrenocorticotropic hormone (ACTH).

 ACTH then stimulates the adrenal cortex to release cortisol and, to some extent, aldosterone.

 The release of these hormones is influenced by various factors, including stress, circadian rhythms, and
feedback mechanisms.



Gastrointestinal hormonal substances

1.Gastrin
m e Gastrin stimulates gastric acid secretion by the parietal cells of the stomach.
* |t also promotes the growth of gastric mucosa and helps regulate gastric motility.
Stimulus for g8 Gastrin is released in response to the presence of food in the stomach, particularly the
Release: presence of peptides and amino acids.

2. Cholecystokinin (CCK):

 CCK promotes the release of digestive enzymes from the pancreas and the contraction
of the gallbladder to release bile.

* |t alsoinhibits gastric emptying, slowing down the passage of food from the stomach
to the small intestine.

Stimulus for CCK is released in response to the presence of partially digested proteins and fatty acids in the

Release: duodenum (the first part of the small intestine).




3. Secretin

Stimulus for

Release:

stimulates the pancreas to release bicarbonate-rich pancreatic juice, which helps
neutralize acidic chyme from the stomach.
It also inhibits gastric acid secretion and slows gastric emptying.

released in response to the acidity of chyme entering the duodenum.

4. Gastric Inhibitory Peptide (GIP)

Stimulus for
Release:

GIP promotes insulin release from the pancreas after a meal, helping to regulate blood
glucose levels.
It also inhibits gastric acid secretion and motility.

released in response to the presence of glucose and fat in the small intestine.



5. Motilin

m Motilin stimulates gastric and intestinal motility, helping to move food and chyme through
the digestive tract.

Stimulus for released during fasting periods and in the inter digestive state, promoting the "migrating
Release: motor complex," a pattern of contractions that clears the Gl tract between meals.

6. Glucagon-Like Peptide-1 (GLP-1):

* GLP-1 plays a role in regulating blood glucose levels by stimulating insulin release and
inhibiting glucagon release.

* It also slows gastric emptying and promotes satiety.

Stimulus for released in response to nutrient ingestion, particularly the presence of carbohydrates and
Release: fats in the small intestine.




Role of endocrine glands along with their secretory hormones for cell growth.

 GH or Somatotropin GH is essential for overall body growth. It stimulates cell growth,
division, and regeneration by promoting protein synthesis, particularly in bone and
Gland muscle tissues.
 GH also supports the growth of cartilage and the development of long bones in

children and adolescents.

Thyroid Hormones (T3 and T4) Thyroid hormones play a critical role in regulating the
metabolic rate of cells, which indirectly influences growth and development.
 They are important for maintaining energy balance and the proper functioning of
various organs.

Thyroid

Gland

* Cortisol (produced by the adrenal cortex) Cortisol is involved in regulating various

Adrenal metabolic processes, including the metabolism of proteins and carbohydrates.
Glands It helps to mobilize energy sources during stress and maintain proper cell growth and

function.

* |Insulinis a key hormone for regulating glucose uptake by cells. It promotes the growth

Pancreas and development of tissues, as glucose is a primary energy source for cells.

Insulin also plays a role in protein synthesis and cell proliferation.



Role of endocrine glands along with their secretory hormones for cell growth.

Parathyroid Parathyroid Hormone (PTH): PTH regulates calcium and phosphate homeostasis in the body.
Glands Adequate calcium levels are essential for normal cell growth, muscle contraction, and nerve

function.

Gonads Testosterone (in males), Estrogen, and Progesterone (in females): Sex hormones
WESEFEN M influence the growth and development of secondary sexual characteristics during puberty.
 They also have effects on bone density, muscle mass, and the overall growth of various

tissues in the body.

Thymosin: The thymus is involved in the development and maturation of T-lymphocytes (T
Thymus : : .
Gland cells), which are important components of the immune system.
an

 Thymosin plays a role in T-cell differentiation and growth.

Melatonin: Melatonin helps regulate the sleep-wake cycle and circadian rhythms. Proper
Pineal sleep and circadian rhythms are essential for overall health, and disruptions can impact cell
Gland growth and repair processes.

Ovaries)




Role of specific tissue growth factors in animals

Epidermal Growth Factor (EGF):

* EGF stimulates the growth and repair of the epidermis (outermost layer of the skin)
and other epithelial tissues.

* |t promotes cell proliferation, migration, and tissue regeneration

m  Wound healing, skin regeneration, and tissue repair.

Platelet-Derived Growth Factor (PDGF):

m PDGEF is released from platelets during blood clotting and is involved in tissue repair and
the regulation of cell growth and division.

m Promotes the proliferation and migration of various cell types, including fibroblasts,
smooth muscle cells, and endothelial cells, contributing to tissue healing and remodeling.




Transforming Growth Factor-Beta (TGF-f3):

* TGF-B is a multifunctional growth factor involved in regulating cell growth,
m differentiation, and immune responses.

It has both pro-inflammatory and anti-inflammatory effects, depending on the context.
m * TGF-B plays a crucial role in tissue homeostasis, wound healing, tissue fibrosis, and
immune regulation. It also inhibits the growth of certain cell types.
Fibroblast Growth Factors (FGFs):
FGFs are a family of growth factors that regulate the growth, differentiation, and
angiogenesis (formation of blood vessels) of various cell types.

* FGFs play key roles in tissue development, wound healing, and organ regeneration.
m  They also support the growth of blood vessels.




Nerve Growth Factor (NGF):

NGF is essential for the growth, maintenance, and survival of specific

m populations of neurons in the nervous system.

* Promotes the growth and differentiation of sensory neurons and
sympathetic neurons.
* NGF also plays a role in synaptic plasticity.

Bone Morphogenetic Proteins (BMPs):

 BMPs are a subgroup of the TGF-3 superfamily and are critical for bone
m and cartilage development.

* Promote the differentiation of mesenchymal cells into bone and cartilage
cells (osteoblasts and chondrocytes).
 They also play a role in tissue repair and regeneration.



Vascular Endothelial Growth Factor (VEGF):

VEGF is a key regulator of angiogenesis, stimulating the growth and formation of new
blood vessels.

m Critical for tissue vascularization and repair, particularly during wound healing, organ

development, and in response to ischemia (inadequate blood supply).

Insulin-Like Growth Factors (IGFs):

IGFs are involved in regulating growth during childhood and tissue repair throughout life.

and chondrocytes. They also play a role in regulating glucose metabolism.

m Promote the growth and differentiation of various cell types, including skeletal muscle cells



Synthesis of hormones, mechanism and control of secretion:

* These hormones, such as insulin and growth hormone, are synthesized as
preprohormones in the endoplasmic reticulum of endocrine cells.

* They are then processed into prohormones and transported to the Golgi apparatus,
where they are further modified.

* they are packaged into secretory vesicles and released when needed.

* Steroid hormones, like cortisol and testosterone, are derived from cholesterol.
Steroid Hormones: * They are synthesized in the smooth endoplasmic reticulum of endocrine cells.
Enzymes within the endocrine glands convert cholesterol into specific steroid

Protein and
Peptide Hormones:

hormones.
Amino Acid Hormones like adrenaline (epinephrine) and thyroid hormones are derived from
Derivative amino acids. For example, thyroid hormones are synthesized by the thyroid gland

Hormones: using tyrosine as a precursor



Mechanism of Hormone Action:

Water Soluble
Hormones
(Protein/Peptide
Hormones):

Lipid Soluble
Hormones
(Steroid and
Thyroid
Hormones):

These hormones cannot pass through the cell membrane because
they are hydrophilic.

They bind to cell surface receptors, initiating a cascade of
intracellular events via second messengers like cyclic AMP (cAMP) or
calcium ions.

This leads to cellular responses like enzyme activation, gene
expression, or changes in membrane permeability.

These hormones can pass through the cell membrane due to their
hydrophobic nature.

Once inside the cell, they bind to intracellular receptors in the
cytoplasm or nucleus.

The hormone receptor complex then acts as a transcription factor,
directly affecting gene expression and protein synthesis.



Control of Hormone Secretion.

1. Feedback Loops:

Positive Feedback:

Negatlve Feed baCk: * In some cases, positive feedback loops

* Most hormone regulation operates through are involved, where the hormone's
negative feedback loops. effect amplifies the stimulus.

* |In a negative feedback loop, the hormone's effect * This is less common but can be
leads to a response that opposes or counters the important in processes like childbirth,
initial stimulus. where oxytocin release leads to stronger

* This helps maintain a stable internal environment. contractions, which further stimulates
For example, blood glucose regulation involves the oxytocin release.

hormone insulin.

* When blood glucose levels rise after eating, insulin
is released to lower glucose levels, and once
glucose levels return to normal, insulin secretion
decreases.



2.Hypothalamus-Pituitary Axis:

* The hypothalamus releases hypothalamic-releasing hormones (e.g., CRH, TRH) into the
portal system.

* These hormones travel to the anterior pituitary and bind to specific receptors on
pituitary cells.

e Stimulation of pituitary cells leads to the secretion of pituitary hormones (e.g., ACTH,
TSH).

* Pituitary hormones target specific glands or tissues, stimulating the release of
peripheral hormones.

 Negative feedback from peripheral hormones regulates hypothalamic and pituitary
hormone secretion.

* This precise control maintains hormonal balance and homeostasis in the bodly.



3.Neurotransmitters and Neural Control:

In response to specific stimuli, the nervous system can directly influence hormone

secretion.
For instance, stress or exercise can trigger the release of epinephrine (adrenaline) from

the adrenal glands via neural signals.

4.Circadian Rhythms:

Many hormones follow a circadian rhythm, meaning they are secreted in a daily cycle.
This is controlled by the body's internal clock, the suprachiasmatic nucleus in the

hypothalamus.
Hormones like melatonin, cortisol, and growth hormone exhibit circadian patterns.



5.Environmental and Physiological Stimuli:

Environmental factors, such as light, temperature, and stressors, can influence hormone

secretion.

For instance, exposure to light regulates the secretion of melatonin, which helps regulate
the sleep-wake cycle.

Physiological factors, such as blood glucose levels, calcium levels, and body temperature,
can also stimulate or inhibit hormone secretion as needed to maintain internal balance.

6.Hormone-Receptor Interactions:

Hormone secretion can be influenced by the presence or absence of hormone receptors

on target cells.
If a tissue has a high density of hormone receptors, it may require more hormone

secretion to produce a response.



Hormonal receptors classification and function

Based on Location.

e Cell Surface Receptors (Membrane Receptors): These receptors are located on the cell membrane's surface
and are primarily associated with water soluble hormones (e.g., peptide hormones).
* They transmit signals from hormones by activating intracellular signaling pathways.

Types of cell surface receptors:
 Hormone receptors play a crucial role in signal transduction, allowing hormones to exert their effects on

target cells and tissues.
* These receptors are typically proteins found on or within the target cells and have specific binding sites for

hormones.

« When a hormone binds to its receptor, it initiates a series of intracellular events that lead to a cellular
response.

* There are different types of hormone receptors, each with its unique characteristics and mechanisms of
action.

* Here are some of the major types of hormone receptors and their roles in signal transduction:



G Protein-Coupled Receptors (GPCRs):

GPCRs are integral membrane proteins with seven transmembrane domains.

* When a hormone binds to a GPCR, it activates a G protein
(heterotrimeric protein) associated with the receptor.
m * This activation triggers the release of secondary messengers,
such as cyclic AMP (cAMP) or inositol trisphosphate (IP3), which

initiate a cascade of intracellular events leading to a cellular
response.

m Adrenergic receptors, glucagon receptors, and many
neurotransmitter receptors are GPCRs.



Receptor Tyrosine Kinases (RTKs):

RTKs are transmembrane proteins with an extracellular hormone-binding domain and an
intracellular tyrosine kinase domain.

* When a hormone binds to an RTK, it induces receptor dimerization

m and autophosphorylation of tyrosine residues on the receptor itself.

* This phosphorylation event initiates signaling pathways that lead to
various cellular responses.

m Insulin receptor, epidermal growth factor receptor (EGFR), and

fibroblast growth factor receptor (FGFR) are RTKs.



Nuclear Receptors

Nuclear receptors are typically found within the cell nucleus and act as transcription factors.

* Hormone binding to nuclear receptors leads to receptor dimerization,

m translocation to the nucleus, and binding to specific DNA sequences

called hormone response elements (HREs).
* This regulates gene transcription, leading to changes in protein

expression.

m Steroid hormone receptors (e.g., estrogen receptor, androgen receptor),

thyroid hormone receptors, and retinoic acid receptors are nuclear
receptors.



Cytokine Receptors:

Cytokine receptors are typically transmembrane proteins.

 :Hormone binding to cytokine receptors activates intracellular

m kinases (e.g., JAK kinases), leading to phosphorylation of signaling

molecules like STAT proteins.
 These phosphorylated STATs enter the nucleus and regulate gene

transcription.

m Interleukin receptors, interferon receptors, and growth hormone

receptors are cytokine receptors.



Ligand-Gated lon Channels:

These receptors are integral membrane proteins that form ion channels.

* Hormone binding to ligand-gated ion channels results in the opening

m or closing of the ion channel, allowing the passage of specific ions (e.

g., Na+, K+, Ca2+).
* This leads to changes in the membrane potential and cellular
excitability.

m Nicotinic acetylcholine receptors, GABA receptors, and glutamate

receptors are ligand-gated ion channels..



Based on Mechanism of Action:

Direct Action Receptors: Indirect Action Receptors:

These receptors mediate the These receptors, typically found in the
rapid effects of hormones, such nucleus, regulate gene expression and

as changes in membrane protein synthesis over a longer time frame.
potential or enzyme activity, They exert slower, but often longer lasting,
often through second messenger effects on cellular function.

systems. Examples include nuclear receptors for
Examples include GPCRs and steroid and thyroid hormones.

RTKs.



Based on Function:

Metabolic Receptors:

Growth and
Development Receptors

Immune and
Inflammatory Receptors

Reproductive and
Hormonal Regulation

Stress and Homeostasis
Receptors:

These receptors regulate various metabolic processes in the body, such as
glucose metabolism, lipid metabolism, and protein synthesis.
Examples include insulin receptors and thyroid hormone receptors

These receptors play a crucial role in growth, development, and tissue
differentiation. Examples include growth hormone receptors and sex
hormone receptors.

Some hormonal receptors are involved in immune responses and
inflammation regulation. For example, cytokines and chemokines bind to
specific receptors on immune cells to modulate immune function.

Receptors for sex hormones like estrogen and testosterone play a central role
in regulating reproductive function and sexual characteristics

Hormonal receptors are involved in the body's response to stress and help
maintain homeostasis. For example, cortisol receptors are vital for the stress
response and immune regulation.



Prenatal and postnatal growth, maturation, growth curves, measures of
growth:

1.Prenatal Prenatal growth refers to the development and growth of a fetus within the womb. It is
G t] a critical phase that occurs during pregnancy and is divided into several stages:
The initial stage of prenatal development begins with the fusion of sperm and egg to
Zygote:

form a zygote. The zygote undergoes multiple rounds of cell division, leading to the
Embryonic During this phase, which lasts from the second to the eighth week of gestation, the
Period: major organs and body systems begin to form. It is a period of rapid and critical

formation of a blastocyst.
development.

* From the ninth week until birth, the developing organism is referred to as a fetus.
* During this period, the fetus continues to grow and mature.
 Growth is especially rapid during the second trimester.

Fetal Period:




Prenatal and postnatal growth, maturation, growth curves, measures of
growth:

1.Prenatal Prenatal growth refers to the development and growth of a fetus within the womb. It is
Growth a critical phase that occurs during pregnancy and is divided into several stages:

The initial stage of prenatal development begins with the fusion of sperm and egg to
Zygote: form a zygote. The zygote undergoes multiple rounds of cell division, leading to the
formation of a blastocyst.

Embryonic During this phase, which lasts from the second to the eighth week of gestation, the
Period: major organs and body systems begin to form. It is a period of rapid and critical

development.

* From the ninth week until birth, the developing organism is referred to as a fetus.
* During this period, the fetus continues to grow and mature.

Fetal Period:  Growth is especially rapid during the second trimester.




Postnatal Growth and Maturation: Postnatal growth begins at birth and continues until adulthood.

The first year of life is a period of rapid growth. Infants typically double their birth weight
Infancy by the age of 56 months and triple it by their first birthday.

* Growth continues throughout childhood, with height and weight increasing steadily.

m * Puberty marks the onset of significant hormonal changes, leading to the growth spurt
and the development of secondary sexual characteristics

* During adolescence, individuals experience a growth spurt, with an increase in height

and weight.
Adolescence This period is also associated with skeletal maturation and the development of sexual
characteristics.

* Once an individual reaches adulthood, linear growth typically stops, but body

Adulthood composition may continue to change due to factors like diet and exercise.
* Aging is associated with a gradual decline in muscle mass and bone density.



Methods for assessment of postnatal growth in animals:

Body Weight:

Body
Measurements

Body weight is one of the most straightforward and commonly used measures
of growth in animals.

Regularly weighing animals over time allows for the tracking of weight gain or
loss.

Body weight is especially important for livestock, such as cattle, pigs, and
poultry, as it directly relates to meat or milk production.

Measuring specific body dimensions, such as height, length, chest
circumference, and limb length, can provide valuable information about an
animal's growth and development.

These measurements are commonly used in companion animals like dogs and
cats to monitor growth during puppy or kitten stages.



Methods for assessment of postnatal growth in animals:

Body
Condition
Score (BCS):

Growth Charts

BCS is a qualitative assessment of an animal's body fat and muscle mass. It is
commonly used in veterinary medicine to assess the overall health and
nutritional status of animals.

A BCS scale typically ranges from 1 (emaciated) to 9 (obese), with a score of 5
being ideal.

Growth charts or growth curves are graphical representations of an animal's
growth over time. They plot measurements such as weight, height, or body
length against age or time.

Growth charts are useful for assessing whether an animal is growing at an
appropriate rate relative to its age and breed.



Methods for assessment of postnatal growth in animals:

Ultrasonography

Dual-Energy X-
ray
Absorptiometr
vy (DEXA):

Ultrasonography involves using ultrasound technology to visualize and measure
internal structures, such as muscle thickness, fat deposition, and reproductive
organs.

This method is commonly used in livestock to assess muscle development and
body composition.

Growth charts or growth curves are graphical representations of an animal's
growth over time. They plot measurements such as weight, height, or body
length against age or time.

Growth charts are useful for assessing whether an animal is growing at an
appropriate rate relative to its age and breed.



Methods for assessment of postnatal growth in animals:

* Blood tests can provide information about an animal's nutritional
Blood status, including levels of essential nutrients like proteins, minerals,

Biochemistry: and vitamins.
* Changes in blood biochemistry can indicate nutritional deficiencies

or imbalances affecting growth.



Differentiate between prenatal and post- natal growth:

Aspect

Prenatal Growth

Postnatal Growth

Timing

From conception to birth

From birth to throughout
life

Developmental
Environment

Occurs within the
mother's womb; relies on
placenta

Occurs in external
environment; relies on
food, air

Major Growth Focus

Development of essential
organs (brain, heart,
lungs)

Continued growth of
organs, musculoskeletal,
nervous, and reproductive
systems

Growth Rate

Rapid and coordinated
development

Slower growth; growth
spurts in infancy and
adolescence

FExternal Infhiiencee

Mother's nutrition, health,

Diet, exercise, genetics,




Maturation

e Maturation in animals refers to the process of an individual organism reaching a state of full
development and reproductive capability. It marks the transition from immaturity to

adulthood.

 The specific characteristics and timing of maturation can vary widely among different animal
species and even among individuals within a species.

Sexual Maturation

For sexually reproducing animals, sexual maturation is a crucial
aspect of development.

It involves the development of reproductive organs and the ability to
engage in sexual reproduction.

In males, this may include the production of mature sperm, while in
females, it involves the ability to produce viable eggs or ova.

The onset of sexual maturity is often marked by the ability to mate
and reproduce.



Maturation

* Along with sexual maturation, animals may undergo physical changes as
Physical they mature. This can include changes in body size, shape, coloration, and

Maturation secondary sexual characteristics that help attract mates or establish

dominance in competition with other individuals of the same species.

 The timing of maturation can vary widely among species. Some animals
reach maturity relatively quickly, while others have a more extended
maturation process.

 The age at which an animal matures can be influenced by genetic factors,
environmental conditions, nutrition, and other external factors.

Timing of

Maturation




Growth Curves:

A growth curve in animals represents the typical pattern of growth and development that
an individual or population of animals undergoes over time.

_ 2.Rapid Growth Phase:
1.Birth i e After birth, animals typically enter
e The growth curve starts a phase of rapid growth.
at birth or hatching for * During this period, they experience
animals, depending on Weight exponential growth, meaning they
their species. grow very quickly, often doubling
* At this stage, animals or tripling in size within a short
are usually very small span.
and underdeveloped. * This phase is characterized by
intense feeding and energy
expenditure as the animal builds its
body structure and develops its
organs and tissues.




Slowing Growth Phase:

 Asanimals mature, their growth rate begins to slow down.

* This phase is marked by a decrease in the rate of size increase compared to the rapid growth phase.
 While animals continue to grow during this stage, the rate of growth becomes less pronounced.

Maturation:

* Eventually, animals reach a point in their development when they stop growing in size, and their growth
curve plateaus.

* This stage is often associated with sexual maturity and the ability to reproduce.

Senescence:
e After reaching maturity, animals may enter a phase of senescence or aging, during which their growth ceases,
and they may start to show signs of physical decline.

Lifespan and Decline:

 The growth curve also includes the animal's lifespan and the eventual decline in physical condition as it ages.
The duration of this phase can vary widely between different species.



Factors affecting growth, conformation, body composition:

1.Genetic Factors:

Growth, conformation, body composition, and meat quality in animals, particularly
livestock, are influenced by a wide range of factors.

* The genetic makeup of an animal plays a significant role in its growth and
. conformation. Selective breeding programs aim to improve traits such as growth
Genetics rate, muscle development.
* Genetic diversity within a breed can also influence growth

e Different animal breeds have distinct genetic traits that can affect growth,
conformation

Breed

 The extent to which traits are passed from one generation to the next
Heritability genetically (heritability) can impact an animal's ability to pass on desirable

traits related to growth.



Factors affecting growth, conformation, body composition:

2. Environmental Factors:

e Adequate and balanced nutrition is crucial for growth, muscle development, and
body composition. Factors such as diet composition, quality of feed, and feeding
practices can significantly affect an animal's growth rate.

* The presence of diseases or health issues can negatively impact an animal's growth
Health and and overall condition.
Disease * Proper animal healthcare and disease management are essential for optimal growth.

* Environmental factors like temperature, humidity, and climate can influence an

Climate animal's comfort, feed intake, and growth.
& Weather * Extreme weather conditions can stress animals and affect their growth and

wellbeing.




Factors affecting growth, conformation, body composition:

2. Environmental Factors:

Space and * Adequate space and suitable housing conditions are necessary to
Housing prevent overcrowding, stress, and injuries, which can affect an

animal's conformation and overall health.

e Stressful handling practices, transportation, and environmental
Handling stressors can affect an animal's physiology.



Factors affecting growth, conformation, body composition:

3. Management Factors:

Feeding and

* Proper feed management, including ration formulation, feeding
frequency, and access to clean water, is critical for promoting growth
and achieving desirable body composition.

Nutrition
Management

Promoters :
* The use of growth promoting agents, such as hormones or

antibiotics, can influence growth and body composition.
* Their use is regulated and varies by region.

@ e (Castration of male animals can impact muscle development

and




Factors affecting growth, conformation, body composition:

4. Age and Gender:

 The age and gender of an animal can also significantly affect growth, conformation

* For example, older animals may have different muscle to fat ratios and tenderness
compared to younger ones, and there may be differences between males and
females in terms of muscle development and fat distribution.



Factors affecting meat quality:

1. Intrinsic Factors (Related to the Animal):

* The age of the animal at the time of slaughter significantly impacts meat quality.
. * Generally, younger animals tend to produce more tender and flavorful meat.
Age of the Animal: . . : .
 Asanimals age, their muscle fibers may become tougher, and connective tissue can
become more prominent.

* Different animal breeds and genetic lines can produce meat with varying
Breed and Genetics characteristics, including flavor, tenderness, and fat content.
 Some breeds are known for superior meat quality attributes.

] »  The diet of the animal has a direct impact on meat quality.
PICELCRIULELEN . The type of feed, its nutritional composition, and feeding practices can influence meat
flavor, fat content, and marbling (intramuscular fat).
Stresstandiliandline e Stress befor(? and during sIaughter can negatively affect meat quz?llty. |
e Stressed animals may have higher levels of stress hormones, which can result in

tougher and less flavorful meat.




Factors affecting meat quality:

1. Intrinsic Factors (Related to the Animal):

Stress and » Stress before and during slaughter can negatively affect meat quality.
Stressed animals may have higher levels of stress hormones, which can result in
tougher and less flavorful meat.

Handling

* In some species, such as cattle, the gender of the animal can influence meat quality.
* Castrated males (steers) often produce meat with more desirable attributes than
intact males (bulls).

Muscle Tvoe * Different muscles in an animal have different characteristics. Some muscles are
yP more tender and suitable for specific cuts, while others may be tougher and require
different cooking methods.



Factors affecting meat quality:

2. Extrinsic Factors (Related to Handling, Processing, and Storage):

Pre-slaughter

Factors

How animals are handled before slaughter, including transportation conditions and pre-
slaughter stress, can impact meat quality.

The methods used for slaughter, processing, and butchering can influence meat
quality.

Proper handling and rapid chilling after slaughter are essential to prevent meat
spoilage and maintain quality.

Meat can be aged to enhance tenderness and flavor. There are two primary methods:
dry aging (hanging meat in a controlled environment) and wet aging (vacuum-sealing

meat for a period). Aging allows enzymes to break down muscle fibers, improving
tenderness.



Factors affecting meat quality:

2. Extrinsic Factors (Related to Handling, Processing, and Storage):

* Marbling refers to the intramuscular fat within the meat. More marbling generally
results in juicier and more flavorful meat.
* Some cuts, like ribeye steak, are prized for their high marbling content

Marbling

* Allowing cooked meat to rest before slicing or serving is crucial. Resting helps

Restin
8 redistribute juices within the meat, improving overall juiciness.

Storage * Proper storage of meat at the correct temperature is essential to prevent spoilage and
maintain quality. Freezing can affect meat texture, so it should be done correctly.

* Packaging materials and methods can impact meat quality during storage.
Vacuum-sealed packaging helps extend the shelf life and maintain freshness.

Packaging



Unit 5

Current status of hormonal control of mammary development, milk secretion
and milk ejection, Male and Female reproductive organs, their components
and functions, Digestive organs and their functions.



UPSC PYQs

Discuss artificial induction of lactation in dairy animals and its impact on their health? (2012)

Discuss the physiology of milk formation and milk let down in dairy animals. Does the diet of animals affect
the quality and composition of milk? Explain? (2012)

Explain mammary involution. What changes are highlighted during this process? (2013)

Describe the estrus behavior, fertilization and early embryonic development in lactating buffalo during
summer months? (2014)

How will you improve the reproductive efficiency at your farm during the summer season? (2015)

Discuss the process of udder development during first parturition to second parturition in buffaloes? (2017)
Describe the reflex stimulation of letdown of milk in dairy animals along with a diagram? (2019)

Explain the statement: the reproductive behavior is controlled by the central nervous system in animals ?
(2020)

Differentiate between milk secretion and milk ejection. Explain the milk ejection mechanism in a cow? (2020)
Describe the physiological functions of various digestive organs of sheep? (2022)

Write a short note on the role of pancreas and liver in digestion? (2023)



Hormonal control of mammary development:

 The hormonal control of mammary gland development in mammals, including humans, is a complex
process that involves multiple hormones and stages.

« Mammary gland development occurs primarily in females and is essential for milk production during
lactation.

e Mammary gland development begins during embryogenesis but
Prenatal Mammary remains rudimentary until puberty.
Gland Development: * Prenatal development is influenced by maternal hormones, such as
estrogen and progesterone, which cross the placenta and affect the
development of mammary tissue in the fetus.

* At puberty, an increase in estrogen levels stimulates further development of
Puberty and Mammary the mammary glands.

Duct Development . Estrogen promotes the eIonfgat'lon and branc-hlng of mammary ducts,
creating a ductal network within the breast tissue.



Hormonal control of mammary development:

* Throughout the menstrual cycle, fluctuations in sex hormones,
including estrogen and progesterone, affect the mammary glands.
* During the menstrual cycle, estrogen stimulates further ductal
development, while progesterone promotes the development of
Hormone Fluctuations: alveolar structures within the mammary gland.
* This is known as the secretory phase.

Menstrual Cycle and

* During pregnancy, elevated levels of estrogen, progesterone, and
Pregnancy and Hormone human chorionic gonadotropin (hCG) prepare the mammary glands
Changes for lactation.
* Progesterone plays a crucial role in the formation of alveoli and

lobules within the mammary gland, which are responsible for milk
production.



Process of udder development during first parturition to second parturition in
buffaloes:

First Parturition (Calving)

Mammary * Prior to the first parturition, the mammary gland undergoes significant
Gland changes during pregnancy.
dreparatior * Hormones like estrogen, progesterone, and prolactin play crucial roles in
preparing the udder for milk production.

* As pregnancy progresses, the mammary gland undergoes hypertrophy, or an
Growth and increase in cell size and number.

Development * The alveoli, which are the milk-producing structures within the mammary

gland, start to form and develop

e Shortly before the first parturition, the mammary gland begins producing
colostrum, a nutrient-rich, antibody-packed secretion that the calf needs in

Colostrum the early days of life.

Production e Colostrum production is a significant event, marking the transition from a non-

lactating to a lactating state.




Process of udder development during first parturition to second parturition in
buffaloes:

First Parturition (Calving)

The buffalo gives birth to her first calf. After calving, the hormonal changes
associated with labor and the physical act of giving birth trigger the release
of prolactin from the anterior pituitary gland.

Prolactin is the hormone responsible for initiating and maintaining milk
production.

Lactation e After calving, the udder is fully engaged in milk production.

* The calf begins to nurse, and the udder undergoes significant changes in
response to the demand for milk.

Onset




Process of udder development during first parturition to second parturition in

buffaloes:

Interpartum Period (Between First and Second Parturition):

Involution
and Drying
(0)i

Rest and
Recovery

After the first lactation period, when the calf is weaned, the udder gradually
undergoes involution, which is the process of returning to a non-lactating

state.
The mammary gland regresses in size, and milk production ceases.

During the interpartum period, the udder has a period of rest and recovery.
The mammary gland undergoes remodeling to prepare for the next lactation

cycle.



Hormonal control of milk ejection:

Sensory * The process begins when the infant begins to suckle at the breast.
Stimulation * The sensation of the baby's mouth on the nipple and areola sends sensory signals
to the mother's brain.

* The sensory signals from nipple stimulation are relayed to the hypothalamus, a

Hypothalamus . . . .
yp region of the brain that plays a central role in regulating hormone release.

Activation

* Inresponse to nipple stimulation, the hypothalamus signals the posterior
pituitary gland to release oxytocin.
Oxytocin Release e Oxytocin is a peptide hormone that acts on the smooth muscle cells surrounding
the alveoli (milk-producing structures) and the milk ducts within the breast.

* Oxytocin causes the smooth muscle cells surrounding the alveoli to contract
Smooth Muscle rhythmically and squeeze the milk from the alveoli into the milk ducts.
* This contraction creates pressure within the milk ducts, pushing the milk toward

Contraction _
the nipple.



Hormonal control of milk ejection:

Milk Ejection

Continuation of
Milk Flow

As the milk is forced into the milk ducts, it is made available for the infant to

nurse.
This process is known as milk ejection or the letdown reflex.

The milk flows through the ducts and is released through small openings in
the nipple, allowing the infant to access the milk.

Milk ejection continues as long as the infant continues to suckle and

stimulate the nipple.
The more the baby nurses, the more oxytocin is released, and the milk

continues to flow.
The letdown reflex ensures that milk is consistently available for the infant

during breastfeeding.



Physiology of Milk Formation in Dairy Animals

Mammary Gland The mammary glands consist of specialized structures called alveoli, which are small, milk-
Structure secreting sacs surrounded by myoepithelial cells and a network of ducts.

Milk formation begins with the synthesis of milk components in the alveoli.
Milk Synthesis * These components include water, lactose (milk sugar), milk proteins (e.g., casein and whey
proteins), milk fat, vitamins, and minerals.

The mammary glands receive a rich blood supply, providing essential nutrients and hormones
Blood Supply necessary for milk production.

Nutrients, such as glucose and amino acids, are transported from the bloodstream into the
alveoli.

Hormones play a significant role in regulating milk synthesis. Prolactin, produced by the
Hormonal Control anterior pituitary gland, is the primary hormone responsible for initiating and maintaining milk
production. It stimulates the alveoli to produce milk components.

Oxytocin, released by the posterior pituitary gland, is another crucial hormone.
Oxytocin Release * It triggers the milk ejection reflex, also known as letdown, which occurs when the mammary
glands release milk into the milk ducts in response to nursing or milking.



Milk Letdown (Milk Ejection):

Sensory
Stimulation

Hormonal
Response

Oxytocin
Release

Milk
Ejection

Milk Flow

Sensory stimuli, such as the touch, suckling, or sound of the calf or milking
machine, signal the brain that it's time for milk to be released.

In response to sensory stimulation, the hypothalamus signals the posterior pituitary
gland to release oxytocin.

Oxytocin travels through the bloodstream to the mammary glands, where it causes
the myoepithelial cells surrounding the alveoli to contract.

 The contraction of the myoepithelial cells squeezes the alveoli, pushing milk into

the ducts and toward the teats.
e This process is known as milk ejection or letdown.

As milk is released into the ducts, it flows through the teats and can be accessed by the
nursing offspring or collected during milking.



Dietary Impact on Milk Quality and Composition

 The nutrients in the animal's diet, such as protein, energy, vitamins, and minerals,
Nutrient directly impact the nutritional content of milk.
Composition * Proper nutrition ensures that the mammary glands have the necessary building

blocks to produce milk components.

.  The type of feed and forage consumed can influence the fatty acid profile of milk fat.
Fatty Acid For example, cows fed diets high in fresh pasture may produce milk with higher levels
Profile of omega-3 fatty acids.

Protein Dietary protein levels can affect the protein content of milk. Adequate protein is
Content essential for the synthesis of casein and whey proteins in milk.

Nutrient * The mineral composition of feed and water can influence the mineral content of milk,
Composition including calcium and phosphorus.




Dietary Impact on Milk Quality and Composition

 Some dietary components, such as certain types of forage or plants,
can impart specific flavors or aromas to milk, affecting its taste and
aroma.

The quantity and quality of the diet can also impact milk yield.
Insufficient nutrition can lead to reduced milk production and altered
milk composition.

Milk Yield

Flavor and
Aroma




Artificial induction of lactation in dairy animals and its impact on their health.

Artificial induction of lactation in dairy animals is a practice in which a lactating state is initiated in a
female animal, typically a cow, when she is not naturally in milk production.

* This can be done for various reasons, such as maximizing milk production, extending the lactation
period, or managing reproductive and health-related issues.

 The practice can have both positive and negative impacts on the health of the dairy animals
involved.



Artificial induction of lactation in dairy animals and its impact on their health.

Positive Impacts:

* One of the primary reasons for artificially inducing lactation is to maximize milk

production throughout the year.
e This can result in higher milk yields and increased profitability for dairy farmers.

Increased Milk
Production

* Inducing lactation allows dairy animals to have longer lactation periods, which can be
economically beneficial for dairy operations, as cows continue to produce milk

Period : :
beyond their natural lactation cycles.

Extended Lactation

Improvefi * Inducing lactation can help manage reproductive issues in dairy cows.
Reproductive * For example, it can be used to synchronize calving in a herd or to maintain lactation

Management while managing fertility.

e Artificially induced lactation can provide an opportunity for dairy farmers and
Health Monitoring veterinarians to closely monitor the health of the animals during the lactation period,

potentially allowing for early detection and treatment of health problems.




Artificial induction of lactation in dairy animals and its impact on their health.

Negative Impacts:

Health Risks

Nutritional Stress:
Increased Disease [
Risk:
Reproductive .
Challenges
Ethical
Considerations

The process of artificially inducing lactation can be stressful for the cow and may lead to
health issues, such as metabolic disorders or mastitis, if not managed properly.

Maintaining lactation or inducing lactation requires a significant amount of energy and
nutrients. If the cow's diet is not properly balanced to meet these demands, it can lead to
nutritional stress and health problems.

Dairy animals undergoing artificial induction of lactation may be more susceptible to
diseases due to the stress of the process and the increased demands on their bodies.

In some cases, artificially induced lactation may interfere with the cow's natural
reproductive cycle, making it more difficult to achieve successful pregnancies.

There are ethical concerns associated with the practice of artificially inducing lactation, as
it can be viewed as a way to maximize milk production at the expense of the animal's
health and well-being.



Mammary involution

Mammary involution is the physiological process that occurs in the mammary glands of female mammals,
including humans and dairy animals, following the cessation of lactation or milk production.

It involves a series of structural and functional changes that return the mammary gland to its non-lactating
state.

Mammary involution is a natural process that typically occurs after weaning in lactating animals or after
breastfeeding has ceased in humans.

Key changes highlighted during mammary involution:

Cessation of  The most immediate change during mammary involution is the cessation of milk
Milk production.

e As milk removal (nursing or milking) decreases, the mammary glands receive signals to
reduce milk synthesis.

Synthesis:

* The alveoli and lobules, which are the milk-producing structures within the mammary
gland, begin to regress.

Alveoli and * These structures decrease in size and number as they are no longer needed for milk
Lobules production.

Regression of




Mammary involution

Key changes highlighted during mammary involution:

* Apoptosis, or programmed cell death, plays a significant role in mammary involution.
Cellular * |t helps remove excess milk-producing cells, allowing the gland to return to its non-

Apoptosis lactating state.
 The cells undergo apoptosis, and their remnants are phagocytosed by macrophages.

Chan in e The mammary gland's blood supply is adjusted during involution.
anges |  The extensive network of blood vessels that supported milk production is reduced as

Blood Supply the gland regresses.

* During the early stages of involution, the composition of the remaining milk may
Regression of change.
Alveoli and  The milk produced at this stage is often referred to as "transition milk.”
Lobules * |t has higher levels of fat and protein and lower lactose content compared to mature
milk.




Mammary involution

Key changes highlighted during mammary involution:

Loss of Milk-
Filled Lumina

Return to Non-

Lactating State

Resumption
of Quiescence

The lumina (interior spaces) of the milk ducts and alveoli gradually lose their milk
content. These spaces become smaller and may eventually contain very little or no milk.

Over time, the mammary gland undergoes structural changes to return to its non-
lactating state.

The gland becomes less engorged, and the tissue becomes less vascularized.

The mammary gland returns to a quiescent or resting state, where it remains until the
next pregnancy or lactation cycle begins.



Mammary involution

« Mammary involution is a dynamic process that allows the mammary gland to adapt to

changing demands.

* Itis essential for the overall health and well-being of the female mammal, as it prevents
the prolonged production of milk, which can be energetically costly and may lead to
tissue damage or infections if not properly regulated.

 The timing and speed of mammary involution can vary among species and individuals.

* Proper management practices, including nutrition and healthcare, can influence the
duration and efficiency of the involution process, particularly in dairy animals where
milk production is managed for commercial purposes.
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Epididymis

Coiled tubes attached to each testicle

Functions:

* Temporary storage and maturation of sperm, allowing them to become motile and capable of fertilization.

Vas Deferens (Ductus Deferens):

Muscular ducts that extend from the epididymis into the pelvic cavity.

Functions:

* Transport of mature sperm from the epididymis to the urethra during ejaculation.

Seminal Vesicles

Paired glands located near the base of the bladder.

Functions:

* Production of seminal fluid that provides nutrients, energy, and enzymes to nourish and activate sperm.



Prostate Gland

Gland situated below the bladder surrounding the urethra.

Functions:

* Secretion of a milky, alkaline fluid that enhances sperm motility and neutralizes the acidic environment of the
female reproductive tract.

Bulbourethral Glands (Cowper's Glands):

Small glands located near the base of the penis.

Functions:

e Secretion of a clear, lubricating fluid that cleanses the urethra and prepares it for the passage of sperm during
ejaculation.

Penis

Erectile tissue columns (two corpora cavernosa and one corpus spongiosum) and the urethra.
Functions:

* Erection of the penis in response to sexual arousal, allowing for penetration during intercourse.
* Passage for the release of urine and semen (during ejaculation) through the urethra.



Ovaries
Paired organs located in the pelvic cavity.
Functions:

* Production of eggs (ova) through a process called oogenesis. Secretion of female sex hormones, primarily
estrogen and progesterone, which regulate the menstrual cycle and maintain the female reproductive system.

Fallopian Tubes (Oviducts):

Narrow tubes extending from the ovaries toward the uterus.
Functions:

* Capture and transport of eggs released from the ovaries. Site of fertilization, where sperm and egg meet.

Uterus (Womb):

Muscular, pear shaped organ located in the pelvis.

Functions:

* Reception and implantation of a fertilized egg (zygote).

* Nourishment and development of the embryo/fetus during pregnancy.
* Contractions during labor to expel the baby during childbirth.



Cervix
Narrow lower part of the uterus that connects to the vagina.

Functions:
* Produces cervical mucus that changes in consistency throughout the menstrual cycle to facilitate or inhibit

sperm entry into the uterus.

Vagina:
Muscular, tubular structure connecting the cervix to the external genitalia.

Functions:

* Passage for menstrual flow to exit the body.
* Receives the penis during sexual intercourse.
e Acts as the birth canal during childbirth.

Labia Majora and Labia Minora:
Outer and inner folds of skin surrounding the vaginal and urethral openings.

Functions:
* Protection for the genital area.
e Sensory and sexual function.



Clitoris:

Highly sensitive organ located at the front of the vulva.

Functions:

* Contains numerous nerve endings and plays a key role in sexual arousal and pleasure..

Breasts (Mammary Glands):

Paired structures on the chest.
Functions:
* Production of milk for breastfeeding during lactation



Estrus behavior, fertilization and early embryonic development in lactating
buffalo during summer months

Estrus Behavior in Lactating Buffalo During Summer Months:

Estrus behavior in lactating buffalo during summer months can be influenced by environmental factors such as
temperature and humidity.

Reduced * High temperatures and humidity can lead to reduced estrus activity in buffalo.
WA\ ¢ They may exhibit shorter and less intense estrus periods compared to cooler months.

» Buffalo, like other livestock, are susceptible to heat stress during hot weather.
m  Heat stress can negatively impact their reproductive performance, including estrus
behavior.

* Buffaloes may show signs of discomfort and restlessness during estrus.

Reduced Buffaloes may reduce their physical activity during the hottest parts of the day,
Estrus Activity which can affect their willingness to exhibit estrus behaviors.




Estrus behavior, fertilization and early embryonic development in lactating
buffalo during summer months

Estrus Behavior in Lactating Buffalo During Summer Months:

Restlessness * Restlessness and increased water consumption may be observed, which can interfere

with normal estrus behavior.

m e Buffalo may exhibit fewer mounting behaviors during estrus, which can make it more
challenging to detect estrus in a herd.



Estrus behavior, fertilization and early embryonic development in lactating
buffalo during summer months

Fertilization in Lactating Buffalo During Summer Months:

Fertilization in buffalo, as in other mammals, occurs when a sperm cell from the male successfully fertilizes an
egg cell from the female.

Timing of e Accurate timing of insemination is crucial for successful fertilization. It is essential to
Insemination detect estrus and inseminate the buffalo during their fertile period.

 The quality of the semen used for artificial insemination (Al) or natural mating plays a
significant role in fertilization. High temperatures during summer months can affect
semen quality, so proper semen handling and storage are essential.

Health and * The overall health and nutritional status of the buffalo can influence their
reproductive success.
* Heat stress and reduced feed intake during hot weather can impact fertility.

Nutrition:



Estrus behavior, fertilization and early embryonic development in lactating
buffalo during summer months

Early Embryonic Development in Lactating Buffalo During Summer Months:

After successful fertilization, the early embryonic development in buffalo is relatively similar to that in other
mammals.

» After fertilization, the zygote undergoes a series of cell divisions, resulting in a
Cleavage ,
multicellular embryo called a morula.

 The morula continues to divide and forms a blastocyst, which consists of an inner cell
mass (embryoblast) and an outer layer of cells (trophoblast).

Blastocyst

Formation

Uterine * The blastocyst migrates to the uterus and undergoes implantation. Successful
implantation is crucial for pregnancy establishment.

Migration



Estrus behavior, fertilization and early embryonic development in lactating
buffalo during summer months

* During the early stages of embryonic development, the buffalo's reproductive
system undergoes complex changes to support the developing embryo.

 The mother's body provides the necessary environment and nutrients for the
embryo's growth.

* It'simportant to note that the reproductive performance of lactating buffalo
during summer months can be challenging due to heat stress and other
environmental factors.

* Proper management practices, such as providing shade, adequate water, and
nutritional support, can help mitigate the negative effects of hot weather on
fertility and early embryonic development.

e Additionally, careful monitoring and timely intervention, such as artificial
insemination, can improve reproductive outcomes in buffalo herds.



Reproductive behavior is controlled by the central nervous system
in animal.

* The CNS controls the release of hormones from the endocrine glands that are essential
for reproduction.

Hormone * For example, the hypothalamus in the brain produces gonadotropin-releasing
hormone (GnRH), which stimulates the anterior pituitary gland to release
gonadotropins (such as luteinizing hormone and follicle-stimulating hormone).

 These hormones, in turn, regulate the functions of the gonads (testes in males and
ovaries in females) and the production of sex hormones like testosterone and estrogen.

Regulation:

 The CNS is responsible for determining the timing of reproductive events.
Timing of * |n seasonal breeders, such as many mammals and birds, the CNS perceives

Reproduction environmental cues like changes in day length, temperature, and food availability.

* |t then triggers hormonal responses that control the onset of breeding seasons or
estrous cycles.




Reproductive behavior is controlled by the central nervous system
in animal.

The central nervous system plays a critical role in regulating sexual behaviors, including
courtship, mate selection, mating rituals, and copulation.

These behaviors are often under the control of specific brain regions and circuits that
respond to hormonal signals and sensory cues.

N UEL

Behavior .

 The CNS processes sensory information related to reproduction.

* Animals use visual, olfactory (smell), auditory (sound), and tactile (touch) cues to
Sensory recognize potential mates, assess their suitability, and engage in reproductive

Perception behaviors.

* The brain interprets these sensory inputs to initiate or inhibit appropriate
reproductive responses.




Improving the reproductive efficiency at your farm during the summer season:

Provide
Adequate

Ensure that animals have access to shade throughout the day to escape the heat.

Shade » Shade structures, such as trees, shelters, or purpose-built shade structures, can
help reduce heat stress.

* Ensure a constant and clean water supply for livestock.

Optimize * Proper hydration is essential to prevent dehydration and maintain reproductive
Water Supply function.

Adjust the diet to meet the increased energy and nutrient requirements of lactating
and pregnant animals during hot weather.

Provide high-quality forage and consider supplemental feeding to ensure adequate
nutrition.

Nutritional
Management .




Improving the reproductive efficiency at your farm during the summer season:

Heat Stress  |Implement cooling measures, such as fans, misters, or sprinkler systems, in areas
Mitigation where animals congregate.

 These systems help reduce the ambient temperature and alleviate heat stress

Manage e Schedule breeding activities to take advantage of cooler periods, such as early
Breeding Timing mornings or evenings, when temperatures are lower and animals are more active.

Monlto.r Pody * Minimize unnecessary handling and transportation of animals during extreme heat.
Condition Stress can negatively impact reproductive efficiency.

Reduce Handling

* Regularly assess the body condition of your animals. Maintaining optimal body

Stress condition is critical for reproductive success.




Improving the reproductive efficiency at your farm during the summer season:

Heat Stress  |Implement cooling measures, such as fans, misters, or sprinkler systems, in areas
Mitigation where animals congregate.
 These systems help reduce the ambient temperature and alleviate heat stress

Manage * Consider breeding or selecting heat-tolerant breeds or individuals if available and
Breeding Timing suitable for your region.

Monitor Body * Minimize unnecessary handling and transportation of animals during extreme heat.
Condition Stress can negatively impact reproductive efficiency.

UL ENBLLES o Regularly assess the body condition of your animals. Maintaining optimal body
Stress condition is critical for reproductive success.




Improving the reproductive efficiency at your farm during the summer season:

Reproductive « Implement a comprehensive reproductive health program, including regular

Health veterinary checks and vaccinations, to ensure that animals are in good reproductive
Management health.

Heat Tolerance * Schedule breeding activities to take advantage of cooler periods, such as early
Breeds mornings or evenings, when temperatures are lower and animals are more active.

Artificial * |f applicable, consider using Al to carefully time insemination during cooler periods,
Insemination (Al) allowing for better control of breeding and optimizing conception rates.



Digestive organs and their functions:

Non Ruminants:.

Pharynx

(Throat) and
Esophagus

The mouth is where digestion begins. Saliva, produced by salivary glands, contains enzymes
that start breaking down carbohydrates.

Chewing also helps mechanically break down food into smaller pieces, increasing its surface
area for digestion.

The pharynx serves as a passage for food and air.

The esophagus is a muscular tube that transports food from the mouth to the stomach
through a process called peristalsis.

The stomach stores food and mixes it with gastric juices containing hydrochloric acid and
digestive enzymes, primarily pepsin.

These substances help break down proteins and kill bacteria.

The resulting semiliquid mixture is called chyme.



Digestive organs and their functions:

Non Ruminants:.

Small Intestine
(Duodenum,

Jejunum,

Pancreas

Liver

The small intestine is where most digestion and nutrient absorption take place.
Enzymes from the pancreas and bile from the liver (via the gallbladder) help
digest fats, proteins, and carbohydrates.

Villi and microvilli in the small intestine increase its surface area for efficient
absorption of nutrients.

The pancreas produces digestive enzymes (pancreatic juice) that are released into
the small intestine to further break down carbohydrates, proteins, and fats.
It also regulates blood sugar levels by releasing insulin and glucagon.

Production of bile, which is stored in the gallbladder and released into the small
intestine to emulsify fats.

Detoxification of harmful substances.

Storage of glycogen and certain vitamins.

Synthesis of plasma proteins.



Digestive organs and their functions:

Non Ruminants:
libladd * The gallbladder stores and concentrates bile produced by the liver. It releases bile
SElLERE into the small intestine when needed to aid in fat digestion.

* The large intestine absorbs water and electrolytes from undigested food,

) converting the remaining chyme into feces.

Intestine It also houses beneficial gut bacteria that aid in the fermentation of certain
(Colon): indigestible carbohydrates (fiber).

Large

Rectum and * The rectum stores feces until they are ready to be eliminated. The anus is the
Anus opening through which feces are expelled from the body during defecation.




Ruminants

Mouth

Esophagus

Rumen

Ruminants have a specialized mouth with a dental pad on the upper jaw and
lower incisor teeth for cropping and breaking down plant material.

Saliva is produced in large quantities and contains enzymes, such as salivary
amylase, which initiate the digestion of carbohydrates.

The esophagus is a muscular tube that carries food from the mouth to the first
stomach compartment, the rumen.

The rumen is the largest and most important stomach compartment in ruminants.
It serves as a fermentation vat.

Microorganisms, including bacteria, protozoa, and fungi, break down cellulose
and other complex carbohydrates present in plant materials.

Fermentation in the rumen produces volatile fatty acids (VFAs) and microbial
proteins, which are absorbed and used for energy and protein synthesis.



Ruminants

* The reticulum is a smaller compartment located adjacent to the rumen.
Reticulum * It assists in the mechanical breakdown of food and helps trap large particles to
prevent them from entering the lower stomach compartments.

* The omasum is responsible for the absorption of water and minerals from the

Omasum partially digested food.
e |t acts as a filtering system, reducing the particle size of food further.

* The abomasum is the true stomach of the ruminant, similar to the stomach in
non-ruminant animals.
e |t secretes gastric juices, including hydrochloric acid and pepsin, which help break
Abomasum down proteins.
* The partially digested food, now called chyme, moves from the abomasum into
the small intestine for further digestion and nutrient absorption.



Ruminants

 The small intestine in ruminants, like in other animals, is the site of nutrient
Small absorption.

Intesti e Absorption of simple sugars, amino acids, fatty acids, vitamins, and minerals
ntestine occurs in the small intestine.

The large intestine and cecum in ruminants are relatively smaller and less

Large developed compared to non-ruminant herbivores.
Intestine * These portions of the digestive tract have limited digestive and absorptive
functions in ruminants because most fermentation and digestion occur in the
and Cecum ‘umen.

 These organs are responsible for the elimination of undigested materials and
Rectum waste products from the body in the form of feces.

and Anus



Pancreas:

The pancreas is a gland located behind the stomach and is essential for digestion and blood sugar regulation. It
has two primary functions related to digestion

—
= _— o

o — — L] [ [
< ~ B Endocrine Function:
Exocrine Function.

* The exocrine function of the pancreas * |t contains clusters of cells called the Islets of
involves the production and secretion of Langerhans, which are responsible for
digestive enzymes and bicarbonate into the producing hormones, most notably insulin and
small intestine. glucagon.

 These digestive enzymes include lipase (for  These hormones regulate blood sugar levels by
fat digestion), amylase (for carbohydrate facilitating the uptake of glucose by cells and
digestion), and proteases (for protein controlling its release from the liver.
digestion).

* The bicarbonate helps neutralize the acidic
chyme (partially digested food) coming from
the stomach, creating a more suitable
environment for enzyme activity in the small
intestine.



Liver

: The liver is the largest internal organ in the human body and performs a wide range of functions, including those
related to digestion:

* One of the liver's main digestive functions is the production and secretion of bile.

Bile is a greenish-yellow fluid stored in the gallbladder and released into the
Bile Production small intestine (duodenum) when needed.

e Bile is essential for the digestion and absorption of dietary fats. It emulsifies fats,
breaking them into smaller droplets, which allows lipase enzymes from the
pancreas to work more efficiently in breaking down fats into fatty acids and
glycerol.

* The liver plays a crucial role in the metabolism of nutrients obtained from
digested food.

* |t processes and stores carbohydrates, fats, and proteins.

* |t can convert excess glucose into glycogen for storage and later release when
blood sugar levels drop.

Metabolism of
Nutrients



Liver

The liver is the largest internal organ in the human body and performs a wide range of functions, including those
related to digestion:

* The liver is responsible for detoxifying harmful substances, drugs, and metabolic
waste products from the bloodstream.
Detoxification e |t converts these substances into less harmful forms that can be eliminated from
the body.

* The liver stores essential nutrients, such as vitamins (particularly vitamin B12
Storage and vitamin A) and minerals (like iron), which are released into the bloodstream
as needed.

* The liver synthesizes important blood proteins, including aloumin and blood
Synthesis clotting factors.



Unit 6

Environmental Physiology, Physiological relations and their regulation; mechanisms of
adaptation, Environmental factors and regulatory mechanisms involved in animal
behavior, Climatology, various parameters and their importance, Animal ecology.
Physiology of behavior, Effect of stress on health and production.



UPSC PYQs
1) Discuss the thermoregulatory mechanisms which help preserve the body temperature of bovine animals
under diverse climatic conditions ? (2012).
2) Describe the mechanism by which animals adapt to cold stress. (2013).
3) Describe expected impacts, adaptation and Mitigation strategies in livestock to global warming ? (2014).

4) Discuss adaptive responses of acclimated cattle to high ambient temperature and relative humidity
emphasizing its effect on metabolism, acid- base homeostasis and hormonal balance of the body? (2014)
5) Explain how high ambient temperature affects the productivity of animals? (2015)
6) lllustrate diagrammatically the interaction between physical environment and animal productivity?
(2020).

7) Discuss the mechanism of animal adaptation to extreme climatic conditions ? (2021)
8) Describe the behavioral adjustments of animals during hot weather? (2022).

9) Describe the physiological adjustments of goats during hot weather? (2023).
10) Elaborate the role of the nervous system in coordinating an animal’s response to the environment?
(2014)



Mechanisms of Adaptation and Environmental Factors Influencing Animal

Behavior:

1. Physiological Adaptations:

Thermoregulation

Metabolic

Adjustments

Water
Conservation:

Animals can regulate their body temperature in response to extreme heat
or cold.

This can involve behaviors like panting, sweating, shivering, or changes in
metabolic rate.

Certain species can adjust their metabolic rate to cope with temperature
extremes.

For example, some hibernating mammals lower their metabolic rate during
cold winters to conserve energy.

Desert-dwelling animals often have efficient kidneys and specialized
adaptations to minimize water loss and cope with extreme aridity.



Mechanisms of Adaptation and Environmental Factors Influencing Animal
Behavior:

2. Behavioral Adaptations:

. . * Many animals hibernate during cold winters, reducing their metabolic activity
Hibernation : .
and conserving energy until temperatures become more favorable.

* Some species, especially in deserts, are nocturnal, becoming more active
Nocturnal Activity during cooler nighttime hours to avoid extreme daytime heat.

Seeking Shade or * Depending on the extreme condition, animals may seek shelter in shady areas
Sun during extreme heat or bask in the sun during extreme cold to gain warmth.




Mechanisms of Adaptation and Environmental Factors Influencing Animal
Behavior:

3. Migratory Patterns

e allows animals to move to more suitable climates during extreme seasons.

Migration * Birds, whales, and even some terrestrial mammals migrate to avoid extreme cold
or heat.

3. Insulation and Physical Characteristics
Fur, Feathers, and * |Insulating layers of fur, feathers, or blubber help animals retain body heat in

Blubber: cold environments, while some animals shed excess fur or feathers in hot
: climates to stay cool.

 Camouflage and coloration can help animals blend into their environments
Coloration and regulate their body temperature.
* Dark colors absorb heat, while lighter colors reflect it.




Mechanisms of Adaptation and Environmental Factors Influencing Animal
Behavior:

5. Social Behaviors

: :  Some animals, like penguins in Antarctica, huddle together in large groups to
Social Behaviors share body heat and conserve energy during extreme cold.

6. Specialized Anatomical Structures

* Animals may have specialized anatomical structures, such as heat-exchange
systems or large surface-area-to-volume ratios, to help regulate their body
temperature in extreme conditions.

Specialized

Anatomical Structures

7. Migration to Different Altitudes or Depths

Migration to * Some animals, like mountain goats and deep-sea creatures, inhabit specific
Different Altitudes altitudes or depths to escape extreme conditions. For example, high-altitude
species are adapted to low-oxygen conditions.

or Depths



Animal Adaptation to Cold Stress

Insulation and Fur/

Feather Growth

Countercurrent
Heat Exchange

Non-Shivering
Thermogenesis

Many animals grow thicker fur, feathers, or hair during colder seasons.
This increased insulation helps trap warm air close to the body, reducing heat loss.

Some animals, like marine mammals (e.g., whales, seals), have a countercurrent heat
exchange system. This mechanism involves blood vessels running close to each other,
allowing warm arterial blood to transfer heat to cooler venous blood before it reaches
extremities, thus conserving body heat.

Shivering is a rapid muscle contraction and relaxation that generates heat.
Many mammals, including humans, shiver when exposed to cold temperatures to
increase their internal temperature.

Certain animals, such as brown adipose tissue (BAT)-rich mammals (e.g., hibernating
bears), can engage in non-shivering thermogenesis.
BAT generates heat by burning fat, and this heat helps maintain body temperature.



Animal Adaptation to Cold Stress

 Some animals, especially small mammals, enter a state of hibernation or torpor
Hibernation and during extremely cold periods.

Torpor * They significantly reduce their metabolic rate, body temperature, and activity to
conserve energy until temperatures rise.

* In cold conditions, animals often reduce their physical activity to conserve energy and
reduce heat loss.

Reduced Activit . : .
E * This can involve staying in a sheltered location or burrowing into the ground.

* Animals, such as birds and mammals, seek shelter from the cold, using natural

. ' tree hollows, or burrows, or creating their own sheltered nests or
Seeking Shelter geear’]csres like caves, ) , g

* Many species of birds and some mammals migrate to warmer climates during the
Migration winter months to escape extreme cold.
* This allows them to find more favorable conditions for survival and reproduction.




Animal Adaptation to Cold Stress

* In some cases, animals engage in social behaviors to conserve heat. For example,
penguins huddle together in large groups to share body heat during extreme cold in

Antarctica.

Social Behavior

* Animals like wolves and foxes have adaptations in their extremities (e.g., blood vessel

Frostbite
constrictions) to reduce the risk of frostbite in their paws and tails.

Prevention




Animal Adaptation to Heat Stress

Panting

Sweating and
Glandular
Secretions

Seeking Shade

Reduced Activity

Nocturnal Activity

Many mammals and birds use panting as a cooling mechanism.
Panting involves rapid and shallow breathing, which helps dissipate excess heat by
evaporating moisture from the respiratory tract. This process cools the animal's body.

Some mammals, such as humans and horses, have sweat glands that produce sweat.
Sweating is an efficient way to cool the body through evaporative cooling.

Other animals, like certain species of birds, excrete excess heat through specialized
glandular secretions.

Animals often seek shelter under trees, rocks, or other shady areas to avoid direct
sunlight and reduce heat absorption.

During the hottest parts of the day, animals may reduce their activity levels to
conserve energy and minimize heat generation.

Some animals, especially in arid regions, become more active during the cooler
nighttime hours and rest during the day to avoid extreme heat.



Animal Adaptation to Heat Stress

Behavioral
Thermoregulation

Elevated Perches

Migration or
Nomadism

Adaptations for
Water Conservation

Heat Tolerance
Traits

Social Behavior

Animals may exhibit behaviors like spreading their wings or limbs, adopting specific postures,
or adjusting their body orientation to maximize heat loss or minimize heat absorption.

Birds, in particular, may perch in high locations to catch cooler breezes and reduce ground-level heat
exposure.

Water-Related Strategies: Animals may bathe, swim, or soak themselves in water to cool down through
evaporative cooling. This behavior is commonly observed in birds and mammals.

Some species migrate to cooler regions or engage in nomadic movements to find suitable
food and water sources during periods of extreme heat.

Desert-dwelling animals have specialized adaptations for conserving water, such as efficient
kidneys and the ability to produce concentrated urine.

Certain species, like camels and some reptiles, are adapted to endure high temperatures. They
have specialized physiological and behavioral traits that allow them to cope with extreme heat.

Group-living animals, such as meerkats and some primates, engage in cooperative behaviors
like communal shade sharing or fanning each other to help regulate body temperature.



Animal Adaptation to Heat Stress

Increased Sweating
and Respiration

Heat Tolerance
Hormones

Increased Water
Intake

Alterations in
Feeding Behavior

Heat Tolerance
Traits

Increased
Vasodilation and
Circulation

In response to high ambient temperature and humidity, cattle increase their sweating and
respiration rates. Sweating allows for evaporative cooling as moisture on the skin's surface

evaporates, helping to dissipate heat.

Cattle can release stress-related hormones like cortisol and epinephrine in response to heat

stress.
These hormones help in the redistribution of blood flow to prioritize cooling processes and

protect vital organs.

Cattle tend to drink more water in hot and humid conditions to maintain hydration and
support the cooling process through evaporative heat loss via respiration and sweating.

Cattle may reduce their feed intake during periods of extreme heat to lower metabolic heat

production.
This is a protective mechanism to avoid excessive heat generation from digestion.

Certain species, like camels and some reptiles, are adapted to endure high temperatures. They
have specialized physiological and behavioral traits that allow them to cope with extreme heat.

In response to heat stress, cattle experience vasodilation, which is the widening of blood
vessels near the skin's surface. This facilitates heat dissipation through radiation and

conduction, helping to lower body temperature.



Animal Adaptation to Heat Stress

Panting and * Panting and rapid respiration increase evaporative cooling as air passes over the moist mucous
Increased membranes of the respiratory tract, facilitating heat loss.

Respiratory Rate

Behavioral e Cattle may seek shade, immerse themselves in water, or stand in mud to cool down and reduce
Adaptations heat stress. Resting during the hottest parts of the day is also a common behavioral adaptation.

Reduced Physical e Cattle may reduce their physical activity during hot and humid weather to minimize heat
generation from movement.

Activity
Maintenance of  Theincrease in respiration rate during heat stress can lead to respiratory alkalosis, an
Acid-Base imbalance in acid-base homeostasis characterized by elevated blood pH.
Homeostasis e Cattle can compensate for this by adjusting their renal physiology to retain bicarbonate ions,

helping to maintain acid-base balance.



Animal Adaptation to Heat Stress

Adaptation of
Metabolism

Homeostasis of
Electrolytes

Hormonal
Regulation of
Reproduction

In response to heat stress, cattle may reduce their metabolic rate, particularly in terms of
energy expended for maintenance and digestion.
This adaptive response helps conserve energy and reduce internal heat production.

Cattle can lose electrolytes, such as sodium, potassium, and chloride, through increased
sweating and urination during heat stress.
They can adapt by increasing their intake of these electrolytes to maintain electrolyte balance.

Heat stress can disrupt reproductive cycles in cattle.

They may exhibit reduced fertility, increased embryonic mortality, and delayed puberty as a
result.

Hormonal imbalances due to heat stress can affect reproductive hormones, such as

progesterone and estradiol.



Regulatory Mechanisms in Animal Behavior:

Nervous System

Endocrine System

Circadian
Rhythms

Pheromones

The nervous system plays a central role in regulating animal behavior.

Sensory organs detect environmental cues, and the brain processes this information to
generate appropriate behavioral responses.

Hormones released by the endocrine system can influence animal behavior.
For example, the release of reproductive hormones can trigger mating behaviors.

Many animals have internal biological clocks that regulate daily activities, such as
feeding and sleeping, based on the light dark cycle.

Chemical signals called pheromones are used by many animals for communication,
including attracting mates, marking territories, and signaling danger.



Climatology, various parameters and their importance:

Climatology is the scientific study of

climate, including the long-term Climatology and its various parameters play
patterns, variations, and characteristics a.critical- role in animal farming as ’Fhey

of weather conditions and atmospheric directly impact the health, well-being, and
phenomena in a particular region or on productivity of livestock.

Earth as a whole.



e S Temperature affects the thermoregulation of animals. Extreme heat or cold can lead to heat
P stress or cold stress, impacting feed intake, growth rates, and reproductive performance.

. * High humidity can exacerbate heat stress by reducing the efficiency of evaporative cooling
Relative e

Humidity * Low humidity in cold weather can contribute to dry skin and respiratory discomfort.

* Adequate rainfall ensures the availability of fresh water and forage for livestock.
Precipitation * Drought conditions can lead to water scarcity and food shortages..

Wind Speed and
Direction

- * Solar radiation contributes to heat load on animals. Excessive exposure to direct sunlight can
Solar Radiation cause heat stress, while inadequate exposure can affect vitamin D synthesis and animal

health.

Wind provides natural ventilation in animal housing. Proper airflow is essential to prevent
heat buildup and moisture accumulation, especially in confined spaces.




Seasonal .
Variation

Day Length .

(Photoperiod):

Rainfall .
Distribution

Seasonal changes impact breeding seasons, forage availability, and animal behavior.
Farmers need to adapt management practices accordingly.

Day length influences the reproductive cycles of some animals. It can affect the timing of

estrus, mating, and calving.
Temperature-Humidity Index (THI): THI is used to assess heat stress risk in livestock.

It considers both temperature and humidity, helping farmers implement heat mitigation
strategies.

Uneven distribution of rainfall can lead to drought or flooding, affecting water sources and
grazing lands for livestock.



Animal ecology:

Animal ecology is a branch of ecology that focuses on the interactions between animals and their environment,
including how animals adapt to their surroundings and how they interact with other organisms.

1. Climate and Weather Conditions:

* Extreme temperatures, whether too hot or too cold, can stress animals and reduce

* Adequate temperature control through shelter and ventilation is essential.

o * High humidity levels can lead to heat stress in livestock, affecting their feed intake and
Humidity growth.

S * Adequate rainfall is crucial for pasture growth and water availability for animals.
Precipitation * Drought conditions can lead to food and water shortages.



Animal ecology:

2. Nutrition:

— * Pasture quality and availability of nutritious forage directly affect the diet and
Availability of nutritional intake of animals.
Forage
« Adequate access to clean water is essential for digestion and overall health.
Water Supply

S ROITEN A« The availability and quality of supplemental feeds, such as grains and concentrates,
and impact the growth and productivity of farm animals.

Availability




Animal ecology:

3. Housing and Shelter:

Shelter from

* Proper shelter protects animals from harsh weather conditions, helping maintain

Extreme their health and comfort.
Weather

o .- * Adequate ventilation in barns and housing structures is critical to reduce heat
Ventilation L .
stress and maintain air quality.

Space and « Overcrowding and uncomfortable living conditions can lead to stress and disease
Comfort outbreaks, negatively affecting productivity.




Physiology of Behavior in Animal Ecology:

* Animals have sensory systems that allow them to perceive and interpret

Sensory environmental cues.
Perception * These sensory inputs influence their behavior, helping them detect food, avoid
predators, find mates, and navigate their environment.
 The nervous system plays a central role in animal behavior. It includes the brain,
Nervous spinal cord, and peripheral nerves.
System  The nervous system processes sensory information and generates motor

responses, allowing animals to exhibit a wide range of behaviors

* Hormones produced by the endocrine system can have a profound impact on

Endocrine behavior.
System * For example, reproductive hormones influence mating behaviors, while stress

hormones like cortisol can affect an animal's response to challenging situations.



Physiology of Behavior in Animal Ecology:

Circadian

Rhythms

Foraging
Behavior

Reproductive
Behavior

Social Behavior

Many animals exhibit daily patterns of activity and rest regulated by internal biological
clocks.

These circadian rhythms are important for optimizing behavior in relation to
environmental factors such as light and temperature.

Animals exhibit various foraging strategies to obtain food efficiently while minimizing
energy expenditure and predation risk.

Foraging behavior is influenced by factors like food availability, prey behavior, and
competition with other species.

Reproduction is a fundamental aspect of an animal's life, and reproductive behaviors
include courtship, mating, nest building, and parenting.

These behaviors are influenced by hormonal changes, environmental conditions, and
mate choice.

Many animals live in social groups and exhibit complex social behaviors. Social
interactions can include cooperation, competition, communication, and the
establishment of hierarchies within a group.



Role of the nervous system in coordinating an animal's response to the
environment:

. The nervous system detects environmental stimuli through sensory receptors.
Sensory Perception

Integration and

. It processes and integrates sensory information in the central nervous system (CNS).
Processing

Decision-Making The brain makes decisions based on processed sensory input and past experiences.

Motor Coordination It sends signals to muscles and glands to execute actions and physiological changes.

Reflexes The nervous system generates rapid, automatic responses through reflexes.

It maintains internal balance, regulating parameters like body temperature and

Homeostasis
blood pressure.



Role of the nervous system in coordinating an animal's response to the
environment:

Behavioral It triggers behaviors in response to environmental cues.
Responses
Learning and ) : : -
8 Animals can learn from experiences and adapt to changing conditions.
Adaptation

- It enables communication through vocalizations, body language, and chemical
Communication signaling.
Emotional : : :
The nervous system generates emotions that influence behavior.
Responses

Conscious Animals are aware of their surroundings and can make deliberate choices based on
Perception perception.




Effect of Stress on Health and Production

Immune
Suppression .

Reduced
Reproductive
Performance

Poor Growth and
Weight Gain
Behavioral Changes

Stress, whether chronic or acute, can suppress the immune system of farm animals,
making them more susceptible to diseases.
Weakened immunity can lead to increased illness and mortality rates.

Stress can disrupt the reproductive processes of farm animals.

It can lead to delayed puberty, lower fertility rates, increased embryonic mortality,
and decreased conception rates, which can ultimately reduce overall herd or flock
productivity.

Stress can lead to reduced feed intake, poor nutrient absorption, and decreased
weight gain in animals.

This is particularly detrimental in meat-producing animals, as it results in lower meat
production efficiency.

Stressed animals may exhibit abnormal behaviors, such as increased aggression,
restlessness, or withdrawal.

These behaviors can disrupt group dynamics and lead to injuries or reduced
productivity.



Effect of Stress on Health and Production

Aggravation of » Stress can exacerbate preexisting health conditions in farm animals, making it more
Preexisting challenging to manage and treat chronic diseases.

Conditions

e Stressed animals are more susceptible to infectious diseases due to their
compromised immune systems.
* This can lead to disease outbreaks within the herd or flock.

Increased

Susceptibility to
Infections

. * Dairy cows subjected to stress may experience reduced milk production, resulting in
Reduced Milk : : :
: financial losses for dairy farmers.
Production

e Stress can disrupt the digestive system of farm animals, leading to conditions like
Digestive Disorders bloat, colic, and diarrhea, which can be detrimental to their health and growth.




Effect of Stress on Health and Production

Feather and Coat

Damage:

Poor Meat Quality

Increased Mortality

Decreased Milk
Quality:

Prolonged stress can lead to the deterioration of the feather or coat quality in
animals, reducing their value and marketability.

Stress can have a negative impact on the quality of meat, including changes in meat
texture, color, and taste.

Stressed animals may also have an increased risk of developing dark-cutting meat,
which is less desirable in the meat industry.

Stressed dairy cows may produce lower-quality milk, with altered composition and
increased somatic cell counts, which can lead to milk quality issues.

Severe stress can lead to increased mortality rates among farm animals, resulting in
economic losses for farmers



Effects of High ambient temperature on productivity of animals:

Reduced Feed , . ' - .
Animals tend to eat less in hot weather, leading to decreased nutrient intake.

Lower
Reproductive

High temperatures cause heat stress, impacting growth rates, weight gain, and milk
production.

Heat stress results in reduced fertility, conception rates, and longer calving intervals.

Efficiency

Decreased Dairy cows are particularly sensitive to heat, leading to reduced milk production and
Milk quality.
Production

Quality of

Animal Meat and milk quality can suffer due to heat stress.
Products




Effects of High ambient temperature on productivity of animals:

Increased

Water Animals need more water for cooling and hydration in hot weather.
Requirements

Behavioral Animals may exhibit restlessness, altered activity, and feeding patterns.
Changes

Increased Heat stress weakens immunity, making animals more susceptible to diseases.

Disease Risk:




Effect of Stress Global Warming:

Global warming has significant implications for the livestock sector, affecting both the animals themselves and
the broader agricultural systems that depend on them.

1.Expected Impacts on Livestock:

Heat Stress: Increasing temperatures can lead to heat stress in livestock, reducing their productivity, and causing health
problems.

Reduced Productivity: Heat stress can lead to reduced milk and meat production, lower reproduction rates, and
decreased weight gain in livestock.

Changes in Disease Patterns: Global warming can alter disease patterns, leading to increased prevalence of vector-
borne diseases and other health challenges for livestock.

Shifts in Feed Availability: Climate change can affect the availability and quality of livestock feed, leading to changes
in forage quality and quantity.

Water Scarcity: More frequent and severe droughts can lead to water scarcity, affecting the availability of drinking water
for livestock.



Adaptation Strategies for Livestock:

: Selecting and breeding livestock for heat tolerance and disease resistance can help
Improved Breeding . _ ,
mitigate the impacts of global warming.

Providing well-ventilated housing and shade structures can help protect livestock from
and Shelter extreme heat.

Heat-Resistant Introducing heat-resistant livestock breeds or varieties adapted to local conditions can
Animal Varieties enhance resilience.

Efficient Water Implementing efficient water management practices, such as rainwater harvesting and
Management water recycling, can mitigate water scarcity.

LTRG-S Adapting feed management, such as changing feeding times to cooler parts of the day,
Practices can help reduce heat stress.

Disease Enhanced disease surveillance and management programs can address changing
Management disease patterns in livestock.




Mitigation Strategies for the Livestock Sector:

Manure Proper manure management practices, such as methane capture from manure storage,
Management can reduce greenhouse gas emissions.

Grazing and Land Implementing sustainable grazing and land management practices can enhance carbon
Management sequestration and reduce land degradation.

Efficiency Enhancing the efficiency of livestock production systems, such as optimizing feed conversion
Improvements ratios, can reduce emissions per unit of livestock product.

Alternative Encouraging the use of alternative protein sources in livestock feed, such as algae or insects,
Protein Sources: can reduce the carbon footprint of livestock production.

Livestock-related deforestation is a significant contributor to global warming.
Strategies to protect forests and promote sustainable land use can help mitigate this
impact.

Reducing
Deforestation




