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UNIT – I 

Blood – Introduction, origin, composition, characterization, functions and coagulation of blood. 

BLOOD:  

Blood is a specialized body fluid that delivers necessary substances to the body's cells — such as 

nutrients and oxygen — and transports waste products away from those same cells. It can be referred to 

as a liquid connective tissue. 

ORIGIN OF BLOOD: 

 When sperm fuses with ovum it forms zygote which then produces to form foetus. 

 The first drop of blood is formed from the mesodermal layer of foetal cell wall called the Blood 

islands. 

 When foetus proves its stability the formation of blood shifts to liver from blood islands. (The period 

is 30 – 45 days) 

 From liver it shifts to bone marrow permanently. When bone marrow narrows or transplanted it 

again shifts to liver. 

 It also happens due to aging too. 

 In children, haematopoises occurs in the red bone marrow of the long bones such as the femur and 

tibia while in adults, it takes place in the red bone marrow of pelvis, cranium, vertebrae, and 

sternum. 

 

 

 

 

 

 

 

 

 

 

 In developing embryos, blood formation occurs in aggregates of blood cells in the 

yolk sac, called blood islands.  

 As development progresses, blood formation occurs in 

the spleen, liver and lymph nodes. 

 Soon when bone marrow develops, it eventually assumes the task of forming most 

of the blood cells for the entire organism.  

 However, maturation, activation, and some proliferation of lymphoid cells occur 

in the spleen, thymus, and lymph nodes. 

 

 

 

 

 

https://en.wikipedia.org/wiki/Blood_islands
https://en.wikipedia.org/wiki/Spleen
https://en.wikipedia.org/wiki/Liver
https://en.wikipedia.org/wiki/Lymph_node
https://en.wikipedia.org/wiki/Bone_marrow
https://en.wikipedia.org/wiki/Thymus
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SALIENT FEATURES OF BLOOD: 

 Blood plasma, a fluid that is the blood's liquid medium, is straw-yellow in color, which comprises 

55% of blood fluid, is mostly water (90% by volume) 

 The white blood cells consist of lymphocytes and monocytes with relatively clear cytoplasm, and 

three types of granulocytes, whose cytoplasm is filled with granules. 

 The normal pH of blood is in the range of 7.35–7.45. 

 Blood accounts for 7% of the human body weight, with an average density around 1060 kg/m3, very 

close to pure water's density of 1000 kg/m3.  

 The average adult has a blood volume of roughly 5 liters which is composed of plasma and several 

kinds of cells.   

 The various cells of blood are made in the bone marrow in a process called hematopoiesis.  

https://en.wikipedia.org/wiki/Blood_volume
https://en.wikipedia.org/wiki/Litre
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 It is a viscous liquid with its flow properties adapted to flow effectively through tiny capillary blood 

vessels with as little resistance as possible. 

COMPOSITION OF BLOOD: 

 The blood is composed of cells, cell fragments and an aqueous solution (plasma). 

 Blood makes up about 8% of the human body weight. It contains erythrocytes (red blood cells), 

leucocytes (white blood cells), thrombocytes (platelets) and plasma. 

 The volume percentage of all blood cells in the whole blood is about 45% in adults (hematocrit). 

The rest consists of liquid plasma (e.g. water, plasma proteins, electrolytes etc.). 

           Blood 

 

   

Erythrocytes 

(RBC) 

 Leucocytes 

(WBC) 

 Thrombocytes 

(Platlets) 

 

 Granulocytes     A granulocytes  

Neutrophils  Acidophils Basophils Lymphocytes       Monocytes  

BLOOD CELLS AND ITS TYPES WITH FUNCTIONS: 

 Blood cells are the cells which are produced during hematopoiesis and found mainly in the blood. Blood 

is composed of the blood cells which accounts for 45% of the blood tissue by volume, with the 

remaining 55% of the volume composed of plasma, the liquid portion of the blood. 

 There are three types of blood cells. They are:  

 1. Red blood cells (Erythrocytes) 2. White blood cells (Leukocytes)  

3. Platelets (Thrombocytes)  

1. Red Blood Cells (Erythrocytes): 

 They are most abundant cells in the blood. 

 They account for approximately 40 to 45 percent of the blood. 

 They are biconcave disc shaped structure and none nucleated. 

 They have a thick rim and a thin sunken center. 

 They can change shape without breaking. 
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 The production of RBCs is controlled by erythropoietin. 

 The RBC contains hemoglobin (33%) and the iron found in hemoglobin gives the blood its red color. 

 The RBCs cannot repair themselves and life span of 120 days. 

 They are 2.4 million new erythrocytes are produced per second in human adults. 

 Transport oxygen from the lungs to the cells of the body and pick up carbon dioxide from other 

tissues and unload it in the lungs. 

 The normal value of RBC in - Male: 4.3-5.9 million/mm3 and Female: 3.5-5.5 million/mm3. 

2. White Blood Cells (Leukocytes): 

 They contain nucleus and oval in structure. 

 They account for only about 1% of the blood. 

 The normal value of WBC is 4500-11,000/mm3. 

 They are the cells that make up the majority of the immune system. 

 It is the part of the body that protects itself against foreign substances and various types of infections. 

 They exist in all parts of the body, including the connective tissue, lymph system, and the 

bloodstream. 

 Leukopenia is a low white blood cell count that can be caused by damage to the bone marrow from 

things like medications, radiation, or chemotherapy. 

 Leukocytosisis a high white blood cell count that can be caused by a number of conditions, 

including various types of infections, inflammatory disease in the body. 

 They are divided into two groups  

1. Granulocytes (having visible granules or grains inside the cells) and  

2. Agranulocytes (free of visible grains under the microscope). 

1. Granulocytes: 

They are WBC’s which consist granules in it and can be stained. They are further classified into 

three types namely, a) Neutrophils b) Eosinophils and c) Basophils.  

a) Neutrophils:  

 They are white blood cells stained by both acidic and basic dyes. 

 They are multi-lobed Nucleus present. 

 It contains very fine cytoplasmic granules and 2000 to 7500 cells per mm3. 

 They also called polymorphonuclear (PMN) because they have a variety of nuclear shapes. 
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 The life span is 6 hours to few days and medium – sized white blood cells. 

 It kills bacteria through the process of phagocytosis. 

 They also release a burst of super oxides that have the ability to kill many bacteria at the same time. 

 

b)  Acidophils: 

 Acidophils is otherwise known as Eosinophils. 

 They are white blood cells stained by acidic dye. 

 They have large granules and 40-400 cells per mm3. 

 The life span is 8 – 12 days and nucleus is divided into two lobes (bi-lobed nucleus) 

 It kills the parasites and has a role in allergic reactions. 

 They are releases toxins from their granules to kill pathogens. 

c)  Basophils:  

 They are white blood cells stained by basic dye. 

 They have a pale nucleus that is usually hidden by granules. 

 They are bi-lobed or Tri-lobed nucleus present and 0-100 cells per mm3. 

 The life span of few hours to few days. 

 They are functions in allergic reactions. 

 They have secreted anticoagulants and antibodies that have function against hypersensitivity 

reactions in the bloodstream. 

 Basophils contain histamine, which dilates the vessels to bring more immune cells to the area of 

injury. 

 They are secreting heparin which is an anticoagulant that promotes mobility of other WBCs by 

preventing clotting. 
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2. A granulocytes:  

The white blood cells which do not contain granules and they are further classified into two types 

namely, a) Lymphocytes b) Monocytes.  

a) Lymphocytes: 

 They are white blood cells responsible for immune response of our body. 

 They are small rounded cells and nucleus present. 

 They are T – cells, B – cells and Natural killer cells. 

 T lymphocytes (T cells) are responsible for cell-mediated immunity. 

 B lymphocytes (B cells) are responsible for humoral immunity or antibody production. 

 They are function in destroying cancer cells. 

b) Monocytes: 

 They are largest of the types of white blood cells. 

 It contains kidney shaped nucleus present and 200 to 800 monocytes per mm3. 

 They are life span of few hours to few days. 

 They are destroying old, damaged and dead cells in the body. 

 They are enters the tissue, where they become larger and turn into macrophages. 

3. Platelets (Thrombocytes): 

 They are responsible for clotting of blood. 

 They are flattened sac like structure and they also form a roleux where platelets are piled over 

another. 

 They are 150,000–400,000 platelets in each micro liter of human blood. 

 Their life span is about 8 – 9 days. 

 It helps to promote other blood clotting mechanisms. 

 Example: Secrete procoagulants (clotting factors) to promote blood clotting. 

 They secrete chemicals that attract neutrophils and monocytes to sites of inflammation. 

 Dissolve blood clots when they are no longer needed. 

 They are digesting and destroy the bacteria. 

 They secrete growth factors to maintain the linings of blood vessels. 
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FUNCTIONS OF BLOOD: 

Blood performs many important functions within the body, including: 

 Supply of oxygen to tissues (bound to hemoglobin, which is carried in red cells). 

 Supply of nutrients such as glucose, amino acids, and fatty acids (dissolved in the blood or bound 

to plasma proteins (e.g., blood lipids)). 

 Removal of waste such as carbon dioxide, urea, and lactic acid. 

 Immunological functions, including circulation of white blood cells, and detection of foreign 

material by antibodies. 

 Coagulation, the response to a broken blood vessel, the conversion of blood from a liquid to a 

semisolid gel to stop bleeding. 

 Messenger functions, including the transport of hormones and the signaling of tissue damage. 

 Blood pH is regulated to stay within the narrow range of 7.35 to 7.45, making it slightly basic. Blood 

that has a pH below 7.35 is too acidic, whereas blood pH above 7.45 is too basic.  

 Regulation of body temperature (37 C or 98.6 F) (Celsius/ Fahrenheit).  

 They are hydraulic functions.    

Note: Explanation points 

 Blood is the most important transport medium in the human body. It transports gases 

(oxygen, carbon dioxide, nitrogen etc.) as well as nutrients (metabolism) and end 

products of cell metabolism. Hence the blood has the task of assuring the exchange of 

substances. 

 It provides the tissues with blood gases and nutrients and in exchange transports end 

products (e.g. carbon dioxide, urea, uric acid, creatinine etc.) to the eliminating organs 

(lung, liver, and kidney). Furthermore it carries chemical messengers (hormones) to 

their target organs. 

 

 

 

Note: 

Human blood fractioned by centrifugation: Plasma (upper, yellow layer), Buffy coat (middle, 

thin white layer) and erythrocyte layer (bottom, red layer) can be seen.  

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Hemoglobin
https://en.wikipedia.org/wiki/Glucose
https://en.wikipedia.org/wiki/Amino_acid
https://en.wikipedia.org/wiki/Fatty_acid
https://en.wikipedia.org/wiki/Blood_proteins
https://en.wikipedia.org/wiki/Blood_lipid
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Urea
https://en.wikipedia.org/wiki/Lactic_acid
https://en.wikipedia.org/wiki/White_blood_cell
https://en.wikipedia.org/wiki/Antibody
https://en.wikipedia.org/wiki/Coagulation
https://en.wikipedia.org/wiki/Hormone
https://en.wikipedia.org/wiki/Tissue_(biology)
https://en.wikipedia.org/wiki/PH#Living_systems
https://en.wikipedia.org/wiki/Base_(chemistry)
https://en.wikipedia.org/wiki/Acid
https://en.wikipedia.org/wiki/Hydraulics
https://www.kenhub.com/en/library/anatomy/the-lung
https://www.kenhub.com/en/library/anatomy/liver
https://www.kenhub.com/en/library/anatomy/kidneys
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COAGULATION OF BLOOD: 

Coagulation is the process by which blood changes from a liquid to a gel, forming a blood clot.  

It results in hemostasis, the stoppage of blood loss from a damaged vessel, followed by repair.  

It involves the platelet proteins named clotting factors. 

The mechanism of coagulation involves activation, adhesion, and aggregation of platelets along with 

deposition and maturation of fibrin.  

Blood clotting factors: 

They are involved in 13 factors namely, 

 Factor I   –  Fibrinogen  

 Factor II   –  Prothrombin 

 Factor III   –  Tissue factor (Tissue Thromboplastin)  

https://en.wikipedia.org/wiki/Blood
https://en.wikipedia.org/wiki/Thrombus
https://en.wikipedia.org/wiki/Hemostasis
https://en.wikipedia.org/wiki/Platelet
https://en.wikipedia.org/wiki/Fibrin
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 Factor IV   –  Calcium  ( Ca2+ )   

 Factor V   –  Proaccelerin  (Labile  factor) 

 Factor VI   –  Accelerin 

 Factor VII   –  Proconvertin (Stable  factor) 

 Factor VIII  –  Antihemophilic  factor 

 Factor IX  –  Christmas factor  (Plasma  Thromboplastin Component)  

 Factor X   –  Stuart-Prower factor 

 Factor XI   –  Plasma  Thromboplastin  

 Factor XII   –  Hageman  factor 

 Factor XIII  –  Fibrin -Stabilizing factor 

Mechanism of Blood Coagulation: 

In general, blood clotting occurs in three stages namely, 

i) Formation of Prothrombin activator. 

ii) Conversion of Prothrombin into Thrombin. 

iii) Conversion of Fibrinogen into Fibrin (Stable clot) 

Stage: 1  

Conversion of Prothrombin activator: 

Blood clotting commences with the formation of a substance called prothrombin activator, which 

converts prothrombin into thrombin. Its formation is initiated by substances produced either within the 

blood or outside the blood. 

Thus, formation of prothrombin activator occurs through two pathways namely, 

a) Intrinsic pathway. 

b) Extrinsic pathway. 

a) Intrinsic pathway: 

 During the injury, the blood vessel is ruptured. Endothelium is damaged and collagen beneath the 

endothelium is exposed. 

 When inactive factor XII comes in contact with collagen, it is converted into activated factor XII in 

the presence of kallikrein and high molecular weight (HMW) kinogen. 

 The activated factor XII contact with inactive factor XI, it is converted into activated factor XI in the 

presence of high molecular weight (HMW) kinogen. 

  The activated factor XI activates factor IX in the presence of factor IV (Calcium). 
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 Activated factor IX activates factor X in the presence of factor VIII and Calcium. 

 When platelet comes in contact with collagen of damaged blood vessel, it gets activated and releases 

phospholipids. 

 Now the activated factor X reacts with platelet phospholipid to form prothrombin activator, in the 

presence of calcium and factor V.  

 b) Extrinsic pathway: 

 In this pathway, the formation of prothrombin activator is initiated by the tissue thromboplastin, 

which is formed from the injured tissues. 

 Tissues that are damaged during injury release tissue thromboplastin (factor III). (Thromboplastin 

contains proteins, phospholipid and glycoprotein, which act as proteolytic enzymes). 

 The tissue Thromboplastin (factor - III) reacts with inactive factor X into activated factor X, in the 

presence of factor VII, glycoprotein and phospholipids. 

 This activated factor X convert into prothrombin activator in the presence of factor V, phospholipid 

and calcium ions (factor-IV).  
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Stage: 2  

Conversion of Prothrombin into Thrombin: 

 Prothrombin activator that is formed from intrinsic and extrinsic pathways. 

 It converts prothrombin into thrombin in the presence of calcium ions (factor-IV). 

 Once formed thrombin initiates the formation of more thrombin molecules.  

 Stage: 3  

Conversion of Fibrinogen into Fibrin: 

 Thrombin converts inactive fibrinogen into activated fibrinogen. This activated fibrinogen is called 

fibrin monomer. 

 This Fibrin monomer is finally converted into fibrin (tight blood clot) in the presence of factor-XIII 

and Calcium. 

ERYTHROPOISES: 

 Erythropoiesis (from Greek 'erythro' meaning "red" and 'poiesis' meaning "to make") is the process 

which produces red blood cells (erythrocytes).  

 It is stimulated by decreased O2in circulation, which is detected by the kidneys, which then secrete 

the hormone erythropoietin.  

 This hormone stimulates proliferation and differentiation of red cell precursors, which activates 

increased erythropoiesis in the hemopoietic tissues, ultimately producing red blood cells 

(erythrocytes).  

 In postnatal birds and mammals (including humans), this usually occurs within the red bone 

marrow. In the early fetus, erythropoiesis takes place in the mesodermal cells of the yolk sac. 

 By the third or fourth month, erythropoiesis moves to the liver. After seven months, erythropoiesis 

occurs in the bone marrow. Increased level of physical activity can cause an increase in 

erythropoiesis. 

They are various stages between CFU-E cells and matured RBCs. 

1. Proerythroblast 

2. Early normoblast 

3. Intermediate normoblast 

4. Late normoblast 

5. Reticulocyte 

6. Matured erythrocyte 

 

 

 

 

https://en.wikipedia.org/wiki/Red_blood_cell
https://en.wikipedia.org/wiki/Kidney
https://en.wikipedia.org/wiki/Erythropoietin
https://en.wikipedia.org/wiki/Hemopoietic
https://en.wikipedia.org/wiki/Red_blood_cells
https://en.wikipedia.org/wiki/Red_blood_cells
https://en.wikipedia.org/wiki/Postnatal
https://en.wikipedia.org/wiki/Bird
https://en.wikipedia.org/wiki/Mammal
https://en.wikipedia.org/wiki/Humans
https://en.wikipedia.org/wiki/Red_bone_marrow
https://en.wikipedia.org/wiki/Red_bone_marrow
https://en.wikipedia.org/wiki/Fetus
https://en.wikipedia.org/wiki/Yolk_sac
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1. Proerythroblast (Megaloblast):   

 It is the first cell derived from CFU-E. It is very large in size with a diameter of about 20µ. 

 Its nucleus is large and occupies the cell almost completely.  

 The nucleus has two or more nucleoli and reticular network.  

 It does not contain hemoglobin and cytoplasm is basophilic in nature. 

 It multiplies several times and finally goes to next stage called early normoblast.  

2.     Early normoblast: 

 It is little smaller than proerythroblast with a diameter of about 15µ.  

     In the nucleus, the nucleoli disappear. The cytoplasm is basophilic in nature. So, this cell is also   

called basophilic erythroblast.  

 This cell develops into next stage called intermediate normoblast. 

3. Intermediate Normoblast: 

 Cell is smaller than the early normoblast with a diameter of 10 to 12µ.  

 The nucleus is still present. The hemoglobin starts appearing.  

 Cytoplasm is already basophilic. Now, because of the presence of hemoglobin, it stains with both 

acidic as well as basic stains. 

 So this cell is called polychromophilic or polychromatic erythroblast. 

 This cell develops into next stage called late normoblast.   

4.  Late Normoblast: 

 Diameter of the cell decreases further to about 8 to 10µ.  

 Nucleus becomes very small and quality of hemoglobin increases.  

 The cytoplasm becomes almost acidophilic. So, the cell is now called orthochromic erythroblast.  

 Late normoblast develops into the next stage called reticulocyte. 

5.  Reticulocyte: 

 It is otherwise known as immature RBC.  

 It is slightly larger than matured RBC.  

 The cytoplasm contains reticulum. Reticulocyte is basophilic due to the presence of golgi apparatus, 

mitochondria and other organelles of cytoplasm. 

 During this stage, the cells enter the blood capillaries through capillary membrane from site of 

production. 

 



16 
 

   



17 
 

 

              



18 
 

6. Matured erythrocyte: 

 Reticular cell disappeared into matured RBC and biconcave shape.  

 The cell decreases in size to 7.2µ diameter.  

 The matured RBC is with hemoglobin but without nucleus.  

 It requires 7 days for the development and maturation of RBC from proerythroblast. 

 It requires 5 days up to the stage of reticulocyte. 

 Reticulocyte takes 2 more days to become the matured RBC.    

Haematopoiesis:  

Haematopoiesis sometimes also haemopoiesis or hemopoiesis) is the formation of blood cellular 

components. All cellular blood components are derived from haematopoietic stem cells. In a healthy adult 

person, approximately 1011–1012 new blood cells are produced daily in order to maintain steady state levels 

in the peripheral circulation.  

Erythropoietin: 

Most important general factor for erythropoiesis is the hormone called erythropoietin. It is also called 

hemopoietin or erythrocyte stimulating factor.  

Erythropoietin is a glycoprotein with 165 amino acids.  

Major quantity of erythropoietin is secreted by peritubular capillaries of kidney. A small quantity is also 

secreted from liver and brain. 

PRODUCTION AND DEGRADATION OF BLOOD CELLS: 

In vertebrates, the various cells of blood are made in the bone marrow in a process called hematopoiesis, 

which includes erythropoiesis, the production of red blood cells; and myelopoiesis, the production of white 

blood cells and platelets. During childhood, almost every human bone produces red blood cells; as adults, 

red blood cell production is limited to the larger bones: the bodies of the vertebrae, the breastbone 

(sternum), the ribcage, the pelvic bones, and the bones of the upper arms and legs. In addition, during 

childhood, the thymus gland, found in the mediastinum, is an important source of T lymphocytes. There are 

recent reports that the lungs may also be the site of hematopoiesis. The proteinaceous component of blood 

(including clotting proteins) is produced predominantly by the liver, while hormones are produced by 

the endocrine glands and the watery fraction is regulated by the hypothalamus and maintained by 

the kidney. 

https://en.wikipedia.org/wiki/Blood
https://en.wikipedia.org/wiki/Hematopoietic_stem_cell
https://en.wikipedia.org/wiki/Bone_marrow
https://en.wikipedia.org/wiki/Hematopoiesis
https://en.wikipedia.org/wiki/Erythropoiesis
https://en.wikipedia.org/wiki/Myelopoiesis
https://en.wikipedia.org/wiki/Thymus
https://en.wikipedia.org/wiki/Mediastinum
https://en.wikipedia.org/wiki/T_lymphocytes
https://en.wikipedia.org/wiki/Liver
https://en.wikipedia.org/wiki/Endocrine_gland
https://en.wikipedia.org/wiki/Hypothalamus
https://en.wikipedia.org/wiki/Kidney
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Healthy erythrocytes have a plasma life of about 120 days before they are degraded by the spleen, and 

the Kupffer cells in the liver. The liver also clears some proteins, lipids, and amino acids. The kidney 

actively secretes waste products into the urine. 

EXERCISE:            SECTION – A 

I. ANSWER ALL QUESTIONS:                 10X2=20 

1. What is serum?** 

2. Define plasma.** 

3. Give any two functions of blood. 

4. Name the cells present in blood. 

5. Write about the origin of blood. 

6. How will you separate serum? 

7. What is blood? 

8. Write about the characteristics of blood. 

9. Define erythropoietin. 

10. Define hematocrit. 

SECTION – B 

II. ANSWER ALL QUESTIONS:                  

1. Write a short on functions of blood.*** 

2. Explain intrinsic pathway of blood coagulation.** 

3. Write a short note on blood composition.** 

4. Short note on blood characterization. 

SECTION - C 

III. ANSWER ANY THREE QUESTIONS:                 

1. Explain various methods adopted to characterize blood. 

2. Discuss the blood coagulation pathway in detail.** 

3. Briefly discuss on the composition and functions of blood.* 

 

 

 

 

https://en.wikipedia.org/wiki/Erythrocytes
https://en.wikipedia.org/wiki/Spleen
https://en.wikipedia.org/wiki/Kupffer_cell
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UNIT – II 

Hormones – Definition, classification of hormones, Human – Endocrine glands – Pituitary, thyroids, 

Para thyroid, pancreas, adrenal, testis and ovary. 

Hormones: 

A chemical substance secreted by an endocrine gland or group of endocrine cells that acts to control or 

regulate specific physiological processes, including growth, metabolism, and reproduction. 

Eg. Oxytocin, Vassopressin, Somatotrophin. 

General characteristics of hormones are as follows: 

 Hormones are chemical messengers produced and secreted into the blood stream by the endocrine 

cells. 

 They are produced in trace amounts and acts as catalysts. 

 They are chemical signals that circulate in the body fluids. 

 The hormones regulate the behavior of the target cells. 

 Hormones, unlike enzymes do not catalyze any reaction. 

 Hormones have low molecular weight. So they can pass through capillary wall and plasma 

membrane. 

 It is carried by the blood and it changes the activity of one or more specific target organs. 

 A hormone is then destroyed by the liver. 

 They are soluble in water and can act in very low concentrations. 

 The endocrine system is under the control of nerves. 

Classification of Hormones: 

On the basis of chemical nature: 

On the basis of structural similarity and modification of hormones can be classified into four major 

types namely, 

a. Steroids derivatives  

b. Peptides derivatives 

c. Amino acid derivatives 

d. Miscellaneous derivatives 
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                                  Hormones 

 

             On the basis of chemical nature On the basis of function 

 

         Steroids 
Peptides 

Amino acid 

derivatives 
Miscellaneous 

Group-I Group-II 

 

 

Adrenal 

hormone 

 

Sex hormones   
 Autosomic                                

hormone 

   Allosomic                     

hormone 

 

          Male  sex hormone    Female sex hormone      

a. Steroids derivatives: 

The natural steroid hormones are generally synthesized from cholesterol in the gonads and adrenal 

glands. These forms of hormones are lipids. They can pass through the cell membrane as they are 

fat soluble hormones. 

Eg. Adrenal hormone and sex hormones. 

i. Adrenal hormone: 

These are hormones produced by adrenal gland. 

Eg. Epinephrine and non epinephrine. 

ii. Sex hormones: 

These are hormones secreted by testis and ovaries of the male and female. 

Eg. Testosterone, vasopressin.     

b. Peptides derivatives: 

These are hormones otherwise protein hormones. These molecules are peptides or proteins, 

respectively. These hormones have an effect on the endocrine system of animals, including humans. 

Eg. Luteinizing hormone, Insulin.   
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c. Amino acid derivatives: 

These hormones are relatively small molecules that are derived from the amino acids tyrosine and 

tryptophan. 

Eg. Antidiuretic hormones. 

d. Miscellaneous derivatives: 

This hormone is a chemical substance that is produced in one part of the body (by an endocrine 

gland) and is carried in the blood to other distant organs or tissues where it acts to modify their 

structure or function. So that do not fit into these groups are called miscellaneous hormones. 

On the basis of the functions: 

On the basis of functional integrant hormones can be classified into two types namely, 

a. Group-I hormones. 

b. Group-II hormones. 

i. Group-I hormones: 

These are hormones which are concerned with growth. Eg. Growth hormones. 

ii. Group-II hormones: 

These are hormones which are concerned with sex. Eg. Gonodotrophin. 

Exocrine glands: 

These are glands that produce and secrete substances onto an epithelial surface by way of a duct. 

Eg. Sweat, salivary, mammary, ceruminous, lacrimal, sebaceous and mucous. 

Endocrine glands: 

 These are glands of the endocrine system that secrete their products, hormones, directly into the 

blood rather than through a duct. 

 The major glands of the endocrine system include the pineal gland, pituitary gland, pancreas, 

testes, ovaries, thyroid gland, parathyroid gland and adrenal glands. 

 They are ductless gland. 

1. Pituitary gland: 

The pituitary gland is otherwise called the hypophysis. It is located at the base of the brain. It is average 

weight is 0.5 – 0.6gm in male and 0.6 – 0.7gm in female. It consists of two lobes namely,  
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 Pituitary 

 Thyroid  

 Para thyroid 

Endocrine glands Pancreas  

 Adrenal 

 Testis  

 Ovary  

  

    TSH (Thyroid stimulating hormone) 

    ACTH (Adrenocortico tropic hormone) 

    LH (Leutinizing hormone) 

  Anterior lobes  FSH (Follicle stimulating hormone) 

Pituitary glands    GH (Growth hormone) 

   Prolactin hormone 

  Posterior lobes  Oxytocin  

        Vasopressin 

 

I. Anterior lobes (Adenohypophysis) 

II. Posterior lobes (Neurohypophysis) 

I. Anterior lobes (Adenohypophysis): 

It has divided into six types. 
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a. TSH (Thyroid stimulating hormone): 

Chemistry: 

 It is a glycoprotein with a molecular weight of 28,000 daltons. 

 It stimulates the thyroid to secrete the thyroxine. 

 It consists of rich sulphur containing amino acids of disulphide residue. 

Functions: 

 Its activate adenylate cyclase. 

 It stimulates the thyroid gland to produce thyroxine (T4), and then triiodothyronine (T3). 

 It stimulates the metabolism of almost every tissue in the body. 

 Removes excess iodine from blood. 

b. ACTH (Adrenocortico tropic hormone): 

Chemistry: 

 It is protein hormone and is formed of a single polypeptide chain. 

 It is made up of 39 amino acids and molecular weight is 45,000. 

Functions: 

 It increases synthesis of cortico steroids by adrenal gland. 

 It stimulates protein synthesis. 

 It is synthesis of steroid hormone. 

 It stimulates melanin (Mildly). 

 It deficiency causes rheumatoid fever, addison’s disease, etc. 

c. LH (Leutinizing hormone): 

 It is otherwise known as Interstitial Cell Stimulating Hormone (ICSH). 

 It is a glycoprotein with a molecular weight of about 3000. 

 It makes the Graffian follicles grow and mature. 

 It causes the Graffian follicles to secrete another sex hormone called oestrogen. 

 In co-operation with FSH and causes the rupture of the follicle and ovulation. 

 LH causes the appearance, growth and persistence of corpus luteum in the overy. 

 In male, LH stimulates the interstitial cells of testis and consequently the production of 

androgen. 
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d. FSH (Follicle stimulating hormone): 

 In females, it increases the number and size of Graffian follicle. 

 They are active in menstrual cycle. 

 They promote ovulation. 

 In males, it stimulates the testis for spermatogenesis. 

e. GH (Growth hormone): 

Chemistry: 

 It is otherwise known as Somatotrophic Hormone (STH). 

 It is responsible for various general metabolic functions. 

 It influences carbohydrate, protein and lipid metabolism. 

 It stimulates both the formation of cartilage (Chondrogenesis) as well as bone (Osteogenesis). 

 It is protein in nature and is formed of a straight polypeptide chain having about 191 amino 

acids. 

 Molecular weight is 21,500. 

Functions: 

 It increases the body growth and protein synthesis. 

 It stimulates the multiplication of cells. 

 It increases the secretion of milk during lactation. 

 It increases the release of fatty acids from the adipose tissue. 

 It increases intestinal absorption of calcium as well as its excretion. 

f. Prolactin hormone: 

Chemistry: 

 It is otherwise known as Luteotrophic Hormone (LTH). 

 It is protein with several disulphide bridges and molecular weight is 25,000. 

Functions: 

 It helps in initiating milk secretion in the breast. 

 It increases corpus luteum stimulates progesterone and co-operation with LH. 

 It stimulates mammary gland development. 

 It is increased during pregnancy.  
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II. Posterior lobes (Neurohypophysis): 

It has divided into two types. 

a. Oxytocin: 

 It is secreted by the neuro hypophysis of pituitary gland. 

 Chemically, oxytocin is a protein formed of nine amino acids with a disulphide (S-S) bond. 

Hence oxytocin is a nanapeptide. 

 It has a molecular weight of 1000. 

Functions: 

 It causes the contraction of the mammary glands resulting in the milk secretion. 

 It stimulates contraction of gall bladder, urinary bladder and intestine. 

b. Vasopressin: 

Chemistry: 

 It is otherwise known as the antidiuretic hormone (ADH). 

 It has a molecular weight of 1100. 

 Chemically, vasopressin is a protein formed of nine amino acids with a disulphide (S-S) bond. 

Hence vasopressin is a nanapeptide. 

Functions: 

 It increases RNA synthesis. 

 It stimulates the nephron to reabsorb water from the urine and thus it reduces the volume of 

urine formed. Hence this hormone is commonly called antidiuretic hormone (ADH). 

 It deficiency leads to Diabetes insipidus. 

 The symptom is excretion of large volumes of dilute urine (polyurea). 

 It’s leading to the consumption of large quantities of liquids (polydipsia). 

 

2. Thyroid Gland: 

Structure: 

 The thyroid is the largest endocrine gland in the body. It was first described by Whartonin in 

1659. 
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 In man, the gland consists of two lobes on either side of anterior to the trachea just below the 

larynx.  

 The two lobes are connected across the ventral surface of the trachea with a narrow bridge called 

isthmus. 

 It’s making the entire gland more or less H-shaped in appearance. The isthmus crosses in front 

of the 2nd, 3rd, and 4th tracheal ring. 

 In the adult, the gland weights about 25 – 30gm. 

 The thyroid gland receives blood flow about 5 times its own weight per minute. 

         

 

Hormones: 

There are two types of hormone secreted namely, 

i. Thyroxine (T4) 

ii. Tri iodothyronine (T3) 

                 

 Thyroxine 

           

                          Triiodothyronine 
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Chemistry: 

 Thyroid contains large amounts of elemental iodine which is bound to a protein named 

iodothyroglobulin or simply thyroglobulin. 

 It is a glycoprotein with a molecular weight of about 650,000 and iodine content from 0.5 – 

1.0%. 

 Thyroxine is a thyroid hormone and otherwise known as protein hormone.  

 Iodination of thyrosine in thyroglobulin to forms mono iodothyrosine and successive iodination 

to forms di iodothyrosine. 

 Coupling of 2 di iodothyrosine to forms thyroxine (T4). 

 Coupling of 1 di iodothyrosine and 1mono iodothyrosine to forms Tri iodo thyrosine (T3). 

I2 + thyroglobulin  mono iodothyrosine + I2  di iodothyrosine 

 

di iodothyrosine                     

+ 

di iodothyrosine 

  

Thyroxine (T4) 

 

di iodothyrosine                     

+ 

mono 

iodothyrosine 

 Tri iodo thyrosine (T3) 

  

 

 

 Histologically, the thyroid gland is composed of a large number of tiny closed vesicles 

called follicles, 150 to 300 microns in diameter. 

 The follicles are held together by areolar tissue and are surrounded by a rich network of 

capillaries.  

 Each follicle is lined with a single peripheral layer of columnar or cuboidal epitheliod 

cells that secrete into the interior of the cells. 

 Its lumen is filled with a secretary substance called colloid. The major constituent of 

colloid is a large protein called thyroglobulin, which contains the thyroid hormones.  

 Once the secretion has entered the follicles, it must be absorbed back through the 

follicular epithelium into the blood before it can perform its function in the body.  

 The thyroid gland is, thus, unique amongst the endocrine glands in that it stores its 

hormone as a colloid in small vesicles in the gland.  
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Functions: 

 They bring about deamination reactions in the liver. 

 They also carry on deiodination in the extrahepatic tissues. 

 These may increase the level of cytochrome c in the tissues. 

 It promotes intestinal glucose absorption. 

 It increases basal metabolic rate (BMR). Hence it stimulates the production of more energy. 

 It increases RNA and protein synthesis.  

 It promotes glycogenolysis in liver. 

 It converts β carotene into vitamin A. 

 It mobilizes excess calcium from bone. 

 It controls serum cholesterol level. 

 It increases oxidative phosphorylation. 

3. Parathyroid Gland: 

Structure: 

 Parathyroids secrete a hormone called parathyroid hormone or Collip’s hormone.  

 There are usually four small parathyroid glands so closely associated with the thyroid gland. 

 Each parathyroid gland is a reddish or brownish, oval body, measuring about  5 – 7mm in 

length, 3- 5mm in width and 1-2mm in thickness.  

 There are four glands together weigh only 0.1 – 0.2gm. It has been isolated in pure form. 

 It is a linear polypeptide consisting of 84 amino acid residues and has a molecular weight of 

about 7,000 – 8,500.     

 Histologically, the parathyroid of the adult human being consists mainly of chief cells and 

oxyphil cells.  

 The oxyphil cells are usually absent in young human beings. The chief cells are concerned with 

the secretion of the parathyroid hormone. 

 The oxyphil cells are rich in mitochondria but lack glycogen.   

 Parathyroid secrete two hormones namely, 

a. Parathormone  

b. Calcitonin 
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Functions: 

 It reduces the secretion of calcium by the mammary gland.  

 It increases renal tubular reabsorption of calcium. 

 It increases alkaline phosphate activity.  

 It increases osteoelastic activity with augmented growth of the connective tissue. 

 Vitamin-D is not metabolized to its functional form in the absence of parathormone. 
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4. Pancreas: 

 The pancreas is both an exocrine and endocrine gland.  

 The pancreas is about 15 cm (6 in) long. 

 In humans, it is located in the abdominal cavity behind the stomach.  

 Approximately 3 million cell clusters called pancreatic islets are present in the pancreas.  

Within these islets are four main types of cells which are involved in the regulation of blood 

glucose levels. 

 Each type of cell secretes a different type of hormone:  

 α alpha cells secrete glucagon(increase glucose in blood),  

 β beta cells secrete insulin (decrease glucose in blood),  

 δ delta cells secrete somatostatin (regulates/stops α and β cells) 

 PP cells, or γ (gamma) cells, secrete pancreatic polypeptide, all of which circulate in the 

blood.  

 These act to control blood glucose through secreting glucagon to increase the levels of glucose, 

and insulin to decrease it. 

 The pancreas is also a digestive organ, secreting pancreatic juice containing bicarbonate to 

neutralize acidity of chyme moving in from the stomach, as well as digestive enzymes that assist 

digestion and absorption of nutrients in the small intestine.  

 These enzymes help to further break down the carbohydrates, proteins, and lipids in the chyme. 

The pancreas is known as a mixed gland. 

a.      Insulin: 

 Insulin is a peptide hormone produced by beta cells of the pancreatic islets.  

 It regulates the metabolism of carbohydrates, fats and protein. 

 It is a protein secreted by β beta cells of islets of langerhans.  

 The human insulin protein is composed of 51 amino acids, and has a molecular mass of 

5808 Da.  

 It consists of two chains A and B, which are linked together by disulphide bridges formed 

between cysteine residues. 
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Function: 

 It promotes transportation of glucose, amino acids, potassium, nucleosides, calcium to adipose 

tissue. 

 It increases HMP shunt pathway. 

 It increases the rate of oxidation of glucose in the tissues. 

 It also regulates the aminoacids are catabolised into water and CO2. 

 It also regulates the gluconeogenesis in the liver. 

 It increases fatty acid synthesis in adipose tissue. It increases glycolysis and also promotes 

protein synthesis. 

b. Glucagon: 

 The hormone is synthesized and secreted from alpha cells (α-cells) of the islets of Langerhans. 

 When the blood glucose concentration falls has several functions that are diametrically opposed 

to those of insulin.  

 Most important of these functions is to increase the blood glucose concentration an effect that is 

exactly the opposite that of insulin. 

 It is composed of a chain of 29-amino acid. 

 It has no cystine, proline and isoleucine. 

 It is a polypeptide has a molecular weight of 3485 daltons. 

 Glucagon is also called hyperglycemic hormone. 

Langerhans: 

 The pancreatic islets or islets of Langerhans are the regions of the pancreas that contain 

its endocrine (i.e., hormone-producing) cells.  

 The pancreatic islets constitute 1 to 2% of the pancreas volume and receive 10–15% of its blood 

flow.  

 It is discovered in 1869 by german pathological anatomist Paul Langerhans. 

 The pancreatic islets are arranged in density routes throughout the human pancreas, and are 

important in the metabolism of glucose. 

 It is responsible for breakdown of lipids.  

 It increases ketogenesis. 
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5. Adrenal Glands:  

 

 

 

 

 

 

 

                                  

Structure: 

 The adrenal glands are endocrine glands that produce a variety of hormones. 

 They are pair of glands present over either kidney. 

 In humans, the right adrenal gland is pyramidal in shape, left is semi lunar or crescent shaped 

and somewhat larger. 

 The adrenal glands approximately 3cm in width, 5cm in length, 1cm in thickness and weight is 

about 7-10gm. 

 The glands are yellowish in colour. 

 They are composed of two parts namely, 

 Adrenal medulla 

 Adrenal cortex 
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Hormones secreted: 

      Adrenal medulla 
               Epinephrine (Adrenalin) C9H13O3N 

         Nor epinephrine (Nor adrenalin) C8H11O3N 

  

     

 

 

   

 Adrenal medulla: 

     Chemistry:  

 The adrenal medulla is at the centre of each adrenal gland, and is surrounded by the adrenal 

cortex. 

 Epinephrine was the first hormone to be isolated in the crystalline form. 

 Norepinephrine differs from epinephrine structurally in having a hydrogen atom in the place of 

the methyl group. 

 Chemically, these two hormones are catecholamines and are closely related to tyrosine and 

phenylalanine. 

 Functions: 

 They increase blood pressure. 

 They increase the level of cAMP (cyclic adenosine mono phosphate). 

 They should breakdown muscle glycogen. 

 They rapid cure to cold, fatigue and shock. 

      Adrenal cortex: 

            Adrenal cortex 
               Glucocorticoids  

                Mineralocorticoids  

 It is outermost layer of the adrenal gland. 

 They are all steroids and usually C17 rings. 
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 Within the cortex are three layers, called “zones” namely, zona glomerulosa, zona fasciculate, 

zona reticularis. 

 The adrenal cortex is devoted to production of hormones, namely aldosterone, cortisol and 

androgens. 

Functions: 

i. Glucocorticoids: 

 The name glucocorticoid (glucose + cortex + steroid) is composed from its role in regulation 

of glucose metabolism. 

 Reduction of protein storage in all cells except liver. 

 Increase protein catabolism and decrease protein synthesis.  

 Increase amino acid transport to liver cells and decrease transport of amino acids into other 

cells. 

 They are inactive in WBC, RBC, brain and heart. 

 They are very active during stress. 

ii. Mineralocorticoids: 

 It increases reabsorption of Na+ distal renal tubules. 

 It decreases excretion of K+ distal renal tubules. 

 It decreases excretion of H+ ion from distal renal tubules. 

 It increases water reabsorption along with Na+. 

 Acts as a long-term regulator of blood pressure. 

The hormones producing sex hormone: 

The testes and ovaries not only provide spermatozoa or ova but also manufacture steroid 

hormone which control secondary sex characteristics the reproduce cycle and the growth and 

development of the accessory reproductive organs. 

6. Male Hormone (Testis): 

Testosterone: (C19H28O2 ) 

 Testosterone is the primary male sex hormone and an anabolic steroid. 

 The rate of secretion of testosterone ranges from 4-9mg per day. 

https://en.wikipedia.org/wiki/Male
https://en.wikipedia.org/wiki/Sex_hormone
https://en.wikipedia.org/wiki/Anabolic_steroid
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 In male humans, testosterone plays a key role in the development of male reproductive tissues 

such as testes and prostate. 

 It promoting secondary sexual characteristics such as increased muscle and bone mass, and the 

growth of body hair and facial hair. 

 In addition, testosterone is involved in health and well-being, and the prevention of 

osteoporosis. 

 Insufficient levels of testosterone in men may lead to abnormalities including frailty and bone 

loss. 

                                       

Function: 

 Testosterone is necessary for normal sperm development. 

 It promotes growth of secondary sexual organs in males. 

 It increases lipid synthesis and promotes protein synthesis. 

 It regulates acute HPA (Hypothalamic–pituitary–adrenal axis) response under dominance 

challenge. 

 Androgen including testosterone enhances muscle growth.  

 Testosterone also regulates the population of thromboxane A2 receptors 

on megakaryocytes and platelets and hence platelet aggregation in humans.  

7. Female hormone (Ovary): 

The ovaries maintain the health of the female reproductive system. They secrete two main 

hormones such as Estrogen and Progesterone. 
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Estrogen: (C18 H24 O2 ) 

 They are synthesized in all vertebrates as well as some insects.  

 The estrogens are C18 steroid compounds.                                            

 The three major naturally occurring forms of estrogen in women are estrone (E1), estradiol (E2), 

and estriol (E3).  

 Another type of estrogen called estetrol (E4) is produced only during pregnancy. 

Function: 

 It will promote growth of secondary sexual organs in female. 

 They are responsible for breast development. 

 It regulates bone metabolism. 

 They are increases RNA synthesis. 

 They are influence menstrual cycle. 

 They are normal level 5 – 100 µg/24 hrs in urine. 

Progesterone: (C21 H30 O2 ) 

                                                               

 They are present in corpus luteum of ovary also formed in placenta during later part of 

pregnancy. 

 They should secrete 1-2 days before ovulation and menstruation. 

 They are synthesized from cholesterol. 

     Ovary  

Estrogen 

      Progesterone 
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Function: 

 Balances estrogen 

 Maintains pregnancy 

 Bolsters fetal brain and nervous system development. 

 Stimulates bone growth 

 Helps calm and focus the brain 

 Helps burn fat and energy 

Relaxin: 

 The corpus luteum of the pregnant women secrets another hormone, relaxin in addition to 

progesterone. 

  Relaxin helps in relaxing the muscles and ligaments of pelvic organs during childbirth 

(parturition). 

EXERCISE:     SECTION – A 

I. ANSWER ALL QUESTIONS:                10X2=20 

1. Name the endocrine cells of pancreas. 

2. Why vasopressin is called as antidiuretic hormone? 

3. Hormones – definition.** 

4. What are the hormones secreted by pituitary gland? 

5. Define endocrine system. 

6. State any two functions of sex hormones. 

7. How hormones are classified based on chemical nature? 

8. Name the hormones of anterior pituitary. 

9. Define sex hormones. 

10. Classify hormones. 

SECTION – B 

II. ANSWER ALL QUESTIONS:                 5X5=25 

1. Describe the biosynthesis of thyroid hormones. 

2. Give the functions of catecholamines. 

3. Give a short note on classification of hormones. 

4. What are actions of parathyroid gland? 
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5. Classify hormones and discuss on it. 

6. Brief note on structure and function of pituitary hormone. 

7. Illustrate group I and group II hormones. 

8. Write a short note on hormones of anterior pituitary. 

9. Name the secretions of thyroid gland. Write their functions. 

10. Write a short note on adrenal gland. 

11. Discuss on the structure and function of parathyroid hormone. 

12. Write an account on adrenal hormone. 

SECTION - C 

III. ANSWER ANY THREE QUESTIONS:                3X10=30 

1. Discuss the functions of sex hormones.* 

2. Discuss on the synthesis and functions of thyroid hormone. 

3. Write an essay on thyroid and parathyroid gland. 

4. Describe the classification of hormones. 

5. Discuss on the structure and functions of pancreas. 
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UNIT – III 

Diseases associated with deficiency of endocrine hormones – hypo and hyper secretions. 

Pituitary gland :( Hypo secretion) 

1. Dwarfism: 

 Insufficient secretion of pituitary hormones may occur as a result of pituitary tumours or 

atrophy of the gonad. 

 The premature arrest of skeletal development causes dwarfism.  

 It occurs due to decreased secretion of growth hormone (GH). 

 It stops developing of growth and sexual characteristics. 

 The adult dwarfs will grow to a height of only 0.9 – 1.2meter. 

 Disproportionate dwarfism is characterized by either short limbs or a short torso. 

                                     

2. Frohlich’s syndrome: 

 It also called Adiposogenital Dystrophy, rare childhood metabolic disorder. 

 It characterized by obesity, growth retardation, and retarded development of the genital 

organs. 

 It is usually associated with tumours of the hypothalamus, causing increased appetite. 

 It depressed secretion of gonadotropin.  

 The syndrome occurs most frequently in boys and, because of the close association between 

the pituitary and the hypothalamus. 

 It may be associated with reduced pituitary function. 

 Impaired vision sometimes results from impingement of the tumor on the optic nerve. 

 They are deposits of fats found all over the body. 

https://www.britannica.com/science/obesity
https://www.britannica.com/science/hypothalamus
https://www.britannica.com/topic/appetite
https://www.britannica.com/science/secretion
https://www.britannica.com/science/pituitary-gland
https://www.britannica.com/science/optic-nerve
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 It can form obesity and diabetes insipidus also occurs. 

 It disturbances in sleeping mechanism and body temperature occurs. 

Note: obesity is due to increased appetite and reduced energy output.  

 

3. Simmond’s disease: 

 It is the decreased (hypo) secretion of one specific pituitary hormone. 

 They are normally produced by the pituitary gland at the base of the brain. 

 This condition is known as selective hypo pituitarism.   

 The diagnosis of hypopituitarism is made by blood tests, but often specific scans. 

 Most hormones controlled by the secretions of the pituitary can be replaced by tablets or 

injections. Hypopituitarism is a rare disease, but may be significantly under diagnosed in 

people with previous traumatic brain injury.  

                 

Hyper secretion:  

1. Gigantism: 

 It is a rare disorder resulting from increased levels of growth hormone (GH).  

 It occurs due to hyper activation of pituitary. 

 Gigantism should not be confused with acromegaly, the adult form of the disorder. 

 It characterized by long lengthy bone and unusual height. 

 The growth of legs and hands are relatively greater. 

https://en.wikipedia.org/wiki/Hormone
https://en.wikipedia.org/wiki/Pituitary_gland
https://en.wikipedia.org/wiki/Human_brain
https://en.wikipedia.org/wiki/Blood_test
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https://en.wikipedia.org/wiki/Rare_disease
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https://en.wikipedia.org/wiki/Acromegaly


43 
 

 This overproduction of growth hormone that brings about gigantism is virtually always 

caused by pituitary growths (adenomas). 

  They can also cause overproduction of GH's hypothalamic precursor known as growth 

hormone releasing hormone (GHRH). 

 As a result of the excessive amounts of growth hormone, children achieve heights that are 

well above normal ranges.  

                         

  Acromegaly: 

 It is typically due to the pituitary gland producing too much growth hormone.  

 In more than 95% of cases the excess production is due to a benign tumor, known as 

a pituitary adenoma. 

 The condition is not inherited from a person's parents. 

 Rarely acromegaly is due to tumors in other parts of the body. 

 If excess growth hormone is produced during childhood the result is gigantism. 

 Treatment options include surgery to remove the tumor, medications, and radiation therapy. 

 Without treatment those affected live on average 10 years less; however, with treatment life 

expectancy is typically normal. 

 Overgrowth of the body hair. 

 Bowing of the spine (kyphosis) 

 The initial symptom is typically enlargement of the hands and feet. 

 There may also be enlargement of the forehead, jaw, and nose. 

 Other symptoms may include joint pain, thicker skin, deepening of the voice, headaches, 

and problems  with vision. 
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 Complications of the disease may include type 2 diabetes, sleep apnea, and high blood 

pressure. 

             

Abnormalities of Thyroid functioning: (Hypothyroidism) 

1. Cretinism (Children): 

 It may be swelling of the front part of the neck due to goiter.  

 Cretinism is therefore most probably due to a diet deficient in iodine. 

 It characterized by scanty hair and thick yellowish scaly skin. 

 It can cause a number of symptoms, such as poor ability to tolerate cold, a feeling of 

tiredness, constipation, depression, weight gain, mentally retarded and growth is retarded. 

 Untreated hypothyroidism during pregnancy can lead to delays in growth and intellectual 

development in the baby or cretinism. 

2. Myxedema (Adult): 

 It is a term used synonymously with severe hypothyroidism. 

 It refers to deposition of mucopolysaccharides in the dermis, which results in swelling of 

the affected area. 

 It decreases in BMR, temperature and pulse rate. 

 They are puffiness of face and hands. 

 They are retention of water and NaCl from body. 

https://en.wikipedia.org/wiki/Type_2_diabetes
https://en.wikipedia.org/wiki/Sleep_apnea
https://en.wikipedia.org/wiki/High_blood_pressure
https://en.wikipedia.org/wiki/High_blood_pressure
https://en.wikipedia.org/wiki/Goitre
https://en.wikipedia.org/wiki/Depression_(mood)
https://en.wikipedia.org/wiki/Pregnancy
https://en.wikipedia.org/wiki/Child_development
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 It increases body weight due to deposition of fats and mentally retarded. 

 

                                          

                

 

3. Hashimoto’s disease: 

 It is also known as chronic lymphocytic thyroiditis. 
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 Thyroglobulin escapes from the cell and produces antibodies which react with thyroid. So it 

destroys thyroid causes defective functioning of thyroid. 

 It is an autoimmune disease in which the thyroid gland is gradually destroyed. 

 When the immune system attacks the butterfly shaped gland in the neck (thyroid). 

                    

 

 

 

 

Hypothyroidism: 

Toxic goiter: 

 It characterized by nervousness, restlessness and tiredness undue sweating, breathlessness. 

 It subject can tolerate extreme cold climate but not warm climate. 

 It has two type’s namely primary toxic goiter (grave’s disease) and secondary toxic goiter 

(toxic nodular goiter).  

 

Thyroid glands thyroglobulin antibody 

 

Defective functioning 

 

         Cross reaction 

 

Hashimoto’s disease 
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Grave’s disease: 

                            

 It is also known as toxic diffuse goiter. 

 It frequently most common cause of hyperthyroidism. 

 Graves' disease is the cause of about 50% to 80% of the cases of hyperthyroidism in the 

United States. 

 It symptom is enlarged thyroid, irritability, muscle weakness, sleeping problems, fast heart 

beat, poor tolerance of heat and weight loss. 

 The diagnosis of include physical exam, blood sample, ultrasound and imaging tests (CT 

scan). 

 It has treatment includes radioactive iodine (I131) therapy, medications and surgery. 

Abnormalities of Parathyroid’s: 

Hypo parathyroidism: 

 It is decreased function of the parathyroid glands with underproduction of parathyroid 

hormone. 

 It characterized by muscular weakness, irritability and stunted growth. 

 The subject is mentally retarded. 

https://en.wikipedia.org/wiki/Graves%27_disease
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 This leads to decreased blood levels of calcium (hypocalcemia) and increased levels of 

blood phosphorus (hyperphosphatemia). 

 It should be take oral calcium carbonate tablets. It supplements can increase calcium levels 

in blood. 

 It should be take high doses of vitamin D, generally in the form of calcitriol. 

 It should be absorb calcium and eliminate phosphorus. 

Hyper parathyroidism: 

 It is an increased parathyroid hormone (PTH) level in the blood. 

 They should occur due to tumor in the gland. 

 It characterized by excess secretion of calcium. 

 Excess of calcium caused calcification of bone causing pain in it. 

 They are serum phosphorus level is decreased and serum enzyme level is increased. 

 Signs and symptoms vary between people and may include irritability, muscle weakness, 

sleeping problems, a fast heartbeat, heat intolerance, diarrhea, enlargement of the thyroid, 

and weight loss. 

 They should take treatment for removal of tumor (surgery) or injection of calcitonin 

reduces secretion of calcium. 

Abnormalities of adrenal glands: 

Addison disease: 

 It is also known as primary adrenal insufficiency and hypocortisolism. 

 It is a long-term endocrine disorder in which the adrenal glands do not produce 

enough steroid hormones. 

 It increases serum potassium and decrease blood pressure and body temperature. 

 It characterized by excessive loss of NaCl in urine. 

 Symptoms generally come on slowly and may include abdominal pain, weakness, and 

weight loss.  

 Darkening of the skin in certain areas may also occur.  

 Under certain circumstances, an adrenal crisis may occur with low blood pressure, 

vomiting, lower back pain, and loss of consciousness.  

 An adrenal crisis can be triggered by stress, such as from an injury, surgery, or infection.  

https://en.wikipedia.org/wiki/Tachycardia
https://en.wikipedia.org/wiki/Heat_intolerance
https://en.wikipedia.org/wiki/Diarrhea
https://en.wikipedia.org/wiki/Goiter
https://en.wikipedia.org/wiki/Weight_loss
https://en.wikipedia.org/wiki/Endocrine_disorder
https://en.wikipedia.org/wiki/Adrenal_gland
https://en.wikipedia.org/wiki/Steroid_hormone
https://en.wikipedia.org/wiki/Hyperpigmentation
https://en.wikipedia.org/wiki/Adrenal_crisis
https://en.wikipedia.org/wiki/Shock_(circulatory)
https://en.wikipedia.org/wiki/Lower_back_pain
https://en.wikipedia.org/wiki/Coma
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 Addison’s disease is generally diagnosed by blood tests, urine tests, and medical imaging. 

 It is treated with Corticosteroid such as hydrocortisone and fludrocortisones. 

                               

Cushing syndrome: 

 It is characterized by hyperglycemia. 

 It is characterized by retention of water and sodium. 

 It is characterized by increased secretion of adrenocorticotropic hormone (ACTH). 

 It is from the anterior pituitary (secondary hypercortisolism).  

 It is due to excess production of hypothalamus CRH (corticotropin releasing hormone) 

(tertiary hypercortisolism/hypercorticism). 

 It stimulates the synthesis of cortisol by the adrenal glands.  

 Pituitary adenomas are responsible for 80% of endogenous Cushing’s syndrome, when 

excluding Cushing’s syndrome from exogenously administered corticosteroids. 
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Symptoms of Cushing’s disease: 

 weight gain 

 high blood pressure  

 poor short-term memory 

 irritability 

 excess hair growth (women) 

 Impaired immunological function  

 red, ruddy face 

 extra fat around neck 

 moon face 

 fatigue 

 red stretch marks 

 poor concentration 

 irregular menstruation 

Treatment: 

The first-line treatment of Cushing’s disease is surgical resection of ACTH-secreting pituitary 

adenoma; this surgery involves removal of the tumor via transsphenoidal surgery (TSS). 

Abnormalities of Pancreas: 

Diabetes mellitus:  

 It is commonly referred to as diabetes, is a group of metabolic disorders. 

 It is characterized by hyperglycemia and in which there are high blood sugar levels over a 

prolonged period. 

https://en.wikipedia.org/wiki/Moon_face
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https://en.wikipedia.org/wiki/Pituitary_adenoma
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https://en.wikipedia.org/wiki/Metabolic_disorder
https://en.wikipedia.org/wiki/Hyperglycemia
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 Diabetes is due to either the pancreas not producing enough insulin or the cells of the body not 

responding properly to the insulin produced. 

 There are three main types of diabetes mellitus: 

 Type 1 DM results from the pancreas’s failure to produce enough insulin. This form was 

previously referred to as “insulin-dependent diabetes mellitus” (IDDM) or “juvenile 

diabetes”. The cause is unknown. 

 Type 2 DM begins with insulin resistance, a condition in which cells fail to respond to insulin 

properly. As the disease progresses a lack of insulin may also develop.This form was 

previously referred to as “non insulin-dependent diabetes mellitus” (NIDDM) or “adult-onset 

diabetes”. The most common cause is excessive body weight and insufficient exercise. 

 Gestational diabetes is the third main form, and occurs when pregnant women without a 

previous history of diabetes develop high blood sugar levels. 

 

Symptoms: 

 The symptoms of untreated diabetes are weight loss, polyuria(increased 

urination),  polydipsia (increased thirst), and polyphagia(increased hunger). 

 They include blurry vision, headache, fatigue, slow healing of cuts, and itchy skin. 

 Prolonged high blood glucose can cause glucose absorption in the lens of the eye, which leads to 

changes in its shape, resulting in vision changes. 

 A number of skin rashes that can occur in diabetes are collectively known as diabetic 

dermadromes. 

 Symptoms of high blood sugar include frequent urination, increased thirst, and increased hunger. 

 If left untreated, diabetes can cause many complications. Acute complications can 

include diabetic ketoacidosis, hyperosmolar hyperglycemic state, or death.  

 Serious long-term complications include cardiovascular disease, stroke, chronic kidney 

disease, foot ulcers, and damage to the eyes. 

Complication: 

The excess of sugar taken through diet are not fully metalized due to lack of insulin. The increased 

in blood sugar level and leading to increase the blood viscous. Hence this shows increase blood 

pressure and BMR level. 
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Prevention: 

 Weight reduction 

 Proper nutrition 

 Regular physical activity 

 Cardiovascular risk factor reduction 

 Aggressive treatment of hypertension and dyslipidemia 

 Pharmacologic prevention using drugs eg. Metformin, Thiazolidinediones, Acarbose. 

 It will take regular blood pressure screening. 

 It will take the diet for low level of sodium and high level of potassium. 

 It will regulate the blood pressure <130/80mm Hg. 

Treatment: 

Treatments include diet, exercise, medication and insulin therapy. 

Abnormalities of testis: 

Hypogonadism: 

 Hypogonadism in men is a condition that occurs when the testicles (also called gonads) do not 

produce enough testosterone. 

 Primary hypogonadism occurs when there is a problem or abnormality in the testicles themselves. 

 Secondary hypogonadism occurs when there is a problem with the pituitary gland in the brain, 

which sends chemical messages to the testicles to produce testosterone. 

 It is characterized by decreased motility of sperms and delaying of puberty 

 Cryptorchidism, or undescended testes, is the most common genital disorder in boys, especially 

in premature infants. 

 Newborn boys may be given testosterone to help, but if the testes do not descend from the abdomen 

to the scrotum through the inguinal canal by 6 months of age, surgery is often required. 

Symptoms: 

 Diminished sexual hair growth. 

 Decreased testicular mass. 

 Loss of muscle mass. 

 Swelling of the scrotum 

 Fever and Chills 

 Testicular lump 

 Blood in the semen 

 Nausea and vomiting 

https://www.webmd.com/brain/picture-of-the-brain


54 
 

 Painful urination 

                      

Diagnosis: 

 Morning serum testosterone level. 

 LH and FSH is high in patients with testicular dysfunction and low in patients with pituitary 

disorders. 

Treatment: 

 Hypogonadism is usually treated with hormone replacement therapy (HRT). 

 Can inject testosterone into a muscle, usually at two-week intervals. 

 improve sexual drive and function 

 increase muscle strength and mass 

 promote growth of facial and pubic hair 

 decrease bone loss 

 raise energy levels and feelings of well-being 

 encourage penis growth 

Abnormalities of ovary: 

 Ovarian diseases can be classified as endocrine disorders or as disorders of the reproductive 

system. 

 If the egg fails to release from the follicle in the ovary an ovarian cyst may form.  

https://en.wikipedia.org/wiki/Endocrine_disorder
https://en.wikipedia.org/wiki/Reproductive_system
https://en.wikipedia.org/wiki/Reproductive_system
https://en.wikipedia.org/wiki/Ovarian_cyst
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 Small ovarian cysts are common in healthy women. Some women have more follicles than usual 

(polycystic ovary syndrome), which inhibits the follicles to grow normally and this will cause 

cycle irregularities. 

 Polycystic ovaries are characterized by bilaterally enlargement of ovaries by multiple small systs, 

chronic anovulation and clinical manifestations. 

 The hypothalamus pituitary dysfunction leading to over secretion of luteinizing hormone (LH). 

 LH in turn stimulates the ovary to produce excess androgens. Secretion of follicle stimulating 

hormone (FSH) is inhibited resulting in suppression of ovulation with follicle cyst formation. 

 High level of LH and low FSH.  

Other conditions include: 

 Ovarian cancer 

 Luteoma 

 Hypogonadism 

 Hyperthecosis

Impotency: 
 Erectile dysfunction (ED), also known as impotence, is a type of sexual dysfunction. 

 It is characterized by the inability to develop or maintain an erection of the penis during sexual 

activity. 

 The most important organic causes of impotence are cardiovascular disease and diabetes, 

neurological problems (for example, trauma 

from prostatectomy surgery), hormonal insufficiencies (hypogonadism) and drug side effects.  

Causes:  

 Medications (antidepressants, such as SSRIs, and nicotine are most common) 

 Neurogenic disorders 

 Cavernosal disorders (Peyronie's disease) 

 Psychological causes: performance anxiety, stress, and mental disorders 

 Surgery 

 Aging. It is four times more common in men aged in their 60s than those in their 40s.  

 Kidney failure 

 Diseases such as diabetes mellitus and multiple sclerosis (MS). While these two causes have not 

been proven they are likely suspects as they cause issues with both the blood flow and nervous 

systems. 

 Lifestyle: smoking is a key cause of erectile dysfunction. Smoking causes impotence because it 

promotes arterial narrowing.  
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EXERCISE:     SECTION – A 

I. ANSWER ALL QUESTIONS:                 10X2=20 

1. Comment on thyrotoxicosis. 

2. What happens when ACTH is over produced? 

3. What is tetany? 

4. Comment on Diabetes Insipidus. 

5. List out the hormones secreted in adrenal glands. 

6. Write about the deficiency of somatostatin. 

7. Write the causes for hyper aldosteronism. 

8. What is diabetes insipidus? 

9. What is T3 – toxicosis? 

10. Comment Cushings Syndrome. 

11. Write about insulin. 

12. List out any four hormones secreted in hypothalamus. 

SECTION – B 

IV. ANSWER ALL QUESTIONS:                  5X5=25 

1. Elaborate on hypothyroidism.* 

2. Write the abnormalities of GH production. 

3. Why hypothyroidism occurs? Write the symptoms. 

4. Write a short note on diabetes mellitus. 

5. Write an account on hormones secreted in hypothalamus. 

6. Discuss on the hyper secretion of pituitary hormone. 

7. Give the features of tetany. 

8. Give an account on hypopituitarism. 

9. Illustrate Insulin dependent diabetes mellitus. 

10. Discuss on the hyper secretion of thyroid hormone. 

11. Write about the hormones secreted in adrenal cortex. 

        SECTION - C 

III. ANSWER ANY THREE QUESTIONS:                3X10=30 

1. Write an essay on hypoparathyroidism and hyperparathyroidism. 

2. Explain the followings: 



57 
 

Addison’s disease 

Cushing syndrome 

Pheochromocytoma. 

3. Explain in detail on hypothyroidism and hyperthyroidism. 

4. Discuss the disorders of adrenal cortex. 

5. Discuss the disorders of sex glands. 

6. Explain in detail on the hormones secreted in pituitary glands with its deficiency condition. 
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UNIT – IV 

General account and secondary metabolites. Major and accessory plant pigments – chlorophylls, 

carotenoids, phycobilins and anthocyanins. 

Primary metabolite:  

 A primary metabolite is a kind of metabolite that is directly involved in normal growth, 

development, and reproduction.  

 It usually performs a physiological function in the organism (i.e. an intrinsic function).  

 A primary metabolite is typically present in many organisms or cells. 

 It is also referred to as a central metabolite, which has an even more restricted meaning (present 

in any autonomously growing cell or organism). 

 Some common examples of primary metabolites include: ethanol, lactic acid, and certain amino 

acids. 

Secondary metabolite: 

 Secondary metabolite is not directly involved in those processes, but usually has an 

important ecological function (i.e. a relational function).  

 A secondary metabolite is typically present in a taxonomically restricted set of organisms or cells 

(Plants, Fungi, Bacteria...). 

 Some common examples of secondary metabolites include: ergot, alkaloids, antibiotics, 

naphthalenes, nucleosides, phenazines, quinolines, terpenoids, peptides and growth factors. 

 Plant growth regulators may be classified as both primary and secondary metabolites due to their 

role in plant growth and development. 

 Some of them are intermediates between primary and secondary metabolism.  

 Secondary metabolism (also called specialized metabolism) is a term for pathways and small 

moleculeproducts of metabolism that are not absolutely required for the survival of the organism. 

 Examples of the products include antibiotics and pigments.  

 To distinguish non-secondary ("ordinary") metabolism, the term basic metabolism is sometimes 

used. Secondary metabolites are produced by many microbes, plants, fungi and animals. 
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PLANT PIGMENT:  

 A plant pigment is any type of colored substance produced by a plant.  

 In general, any chemical compound which absorbs visible radiation between about 380 nm 

(violet) and 760 nm (ruby-red) is considered a pigment.  

 There are many different plant pigments, and they are found in different classes of organic 

compounds. 

 Accessory pigments are light-absorbing compounds, found in photosynthetic organisms, that 

work in conjunction with chlorophyll a.  

 They include other forms of this pigment, such as chlorophyll b in green algal and higher 

plant antennae, while other algae may contain chlorophyll c or d.  

 In addition, there are many non-chlorophyll accessory pigments, such 

as carotenoids or phycobiliproteins, which also absorb light and transfer that 

light energy to photosystem chlorophyll.  

 Some of these accessory pigments, in particular the carotenoids, also serve to absorb and 

dissipate excess light energy, or work as antioxidants.  

 The large, physically associated group of chlorophylls and other accessory pigments is 

sometimes referred to as a pigment bed, though this term is no longer supported by what we 

know of photosystem and antenna complex structures. 
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Pigments in plants: 

The principal pigments responsible are: 

 Chlorophyll is the primary pigment in plants; it is a chlorin that absorbs yellow and blue 

wavelengths of light while reflecting green.  

 Carotenoids are red, orange, or yellow tetraterpenoids. 

 Pigments may be extracted and used as dyes. 

 Pigments (such as astaxanthin and lycopene) are used as dietary supplements. 

 

 The primary function of pigments in plants is photosynthesis, which uses the green 

pigment chlorophyll along with several red and yellow pigments that help to capture as much 

light energy as possible. 

 Other functions of pigments in plants include attracting insects to flowers to encourage 

pollination. 

 Plant pigments include a variety of different kinds of molecule, including porphyrins, 

carotenoids, anthocyanins and betalains. All biological pigments selectively absorb certain 

wavelengths of light while reflecting others.  

1. Chlorophyll:  

 Chlorophyll (also chlorophyl) is any of several related green pigments of plants and bacteria. 

They are found in green leaves and stems. 

 Its name is derived from the Greek words chloros ("green") and  phyllon ("leaf"). 

 Chlorophyll is essential in photosynthesis, allowing plants to absorb energy from light. 

 The term chlorophyll was coined by Pelletier and Caventor in 1818. 

 There are five types of chlorophylls. They are chlorophyll a,b,c,d and bacterio chlorophylls. 

 Chlorophyll a is present in all green plants and some bacteria; 

https://en.wikipedia.org/wiki/Dye
https://en.wikipedia.org/wiki/Photosynthesis
https://en.wikipedia.org/wiki/Chlorophyll
https://en.wikipedia.org/wiki/Anthocyanin
https://en.wikipedia.org/wiki/Betalain
https://en.wikipedia.org/wiki/Light
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https://en.wikipedia.org/wiki/File:Orange_violet_pansies.jpg
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 Chlorophyll b is present in higher plants and green algae. 

 Chlorophyll c is present in diatoms and brown algae.  

 Chlorophyll d is present in red algae. 

 Purple and green bacteria contain bacterio chlorophylls. They are 5 types, namely a,b,c,d and e. 

 

                                  

 In higher plants, chlorophylls are present in the thylakoids of chloroplasts. 

 The chlorophyll, obtained from a wide variety of sources, is a mixture of chlorophylls a and b. 

when a light petrol solution of chlorophyll is shaken with aqueous methanol, chlorophyll a 

remains in the light petrol whereas chlorophyll b goes into the aqueous methonal. 

 In higher plants, chlorophyll a and chlorophyll b occur in the ratio of 3:1 in natural chlorophyll. 

 The empirical formula of chlorophyll a is C55H72O5N4Mg. It is a blue-green crystalline solid. It 

has a head and a tail.  

 The head is formed of a porphyrin ring or tetrapyrrole nucleus. The porphyrin is a complex 

carbon nitrogen molecule that surrounds a magnesium ion. 
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 The basic unit of the porphyrin ring is the porphobilinogen molecule. Four such molecules make 

up the tetrapyrrole structure. 

                         



63 
 

 The tail extends from the tetrapyrrole ring and it is made of a 20-carbon grouping called the 

phytol. Phytol is a long straight chain alcohol containing a double bond. It is regarded as a 

hydrogenated carotene (Vitamin-A).its formula is C20H29. 
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Function of chlorophyll: 

Chlorophyll is a compound known as a chelate. Chelates consist of central metal ions bonded to big 

organic molecules that are composed of hydrogen, carbon, or other elements. Chlorophyll can occur 

in a variety of forms and is the pigment that gives plants their green color. Chlorophyll is able to 

absorb certain light waves but cannot absorb green, resulting in a plant's color. Chlorophyll is also 

vital for photosynthesis and can be found in plants' chloroplasts. There are different types of 

chlorophyll structures but plants only contain chlorophyll a and b, which only differ slightly from 

each other. 

                  

Role of Chlorophyll in Plants: 

In addition to giving plants their green color, chlorophyll is vital for photosynthesis as it helps to 

channel the energy of sunlight into chemical energy. With photosynthesis, chlorophyll absorbs 

energy and then transforms water and carbon dioxide into oxygen and carbohydrates. The process of 

photosynthesis converts solar energy into a usable form for plants, and the animals that eat them, 

forming the foundation of some food chains. 

What is Photosynthesis? 

Photosynthesis is a reaction that occurs between water and carbon dioxide that is catalyzed by 

sunlight to produce glucose and oxygen. During photosynthesis, electrons are transferred from water 

to carbon dioxide in what is known as a reduction process. Chlorophyll aids in this process by 

trapping solar energy, allowing easier transfer of electrons to carbon dioxide molecules. 

More Information about the Role of Chlorophyll in Plants: 

 Why Do Some Plants Appear Green? - An overview of the role of chlorophyll in giving plants 

their color, as well as information on the other important roles of chlorophyll in plants. 

 What is Chlorophyll? - A page that explains the role of chlorophyll in photosynthesis and as a 

photo-receptor. 

 Chlorophyll and Chloroplasts - An article that explains how chlorophyll and chloroplasts work in 

plants and their importance. 

 Photosynthetic Pigments - Information on the different photosynthetic pigments including 

chlorophylls, carotenoids, and phycobilins. 

http://www.webexhibits.org/causesofcolor/7A.html
http://www.chm.bris.ac.uk/motm/chlorophyll/chlorophyll_h.htm
https://askabiologist.asu.edu/chlorophyll-and-chloroplasts
http://www.ucmp.berkeley.edu/glossary/gloss3/pigments.html
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 Why is The Chlorophyll in Plants Green? - An explanation of how chlorophyll works to give 

plants their green, red, orange, or brown color. 

 The Biology of Plants: Making Food - Information on the process of photosynthesis and the role 

that chlorophyll plays in plants making food. 

 Chlorophyll: Why Plants Always Wear Green - An explanation of how chlorophyll gives plants 

their color from a horticulture specialist. 

 Pigments for Photosynthesis - An overview of the different pigments needed for photosynthesis 

including chlorophyll, carotenoids, and lycopene. 

 Variations in Green - An interesting article that explores why different plants are different shades 

of green. 

 Introduction to Photosynthesis - An easy to understand overview of the process of photosynthesis, 

also includes information on pigments, and light reactions. 

 What is Photosynthesis? - An in-depth explanation of the process of photosynthesis and the role of 

different parts of a plant. 

 Molecular Expressions Cell Biology: Chloroplasts - Information on chloroplasts and their 

importance in photosynthesis; includes a labeled diagram showing chloroplast structure in plant 

cells. 

 Plant Cell Anatomy - A diagram showing the anatomy of plant cells as well as explanations of each 

of the plant cell parts. 

 The Plant Cell - Information on the different components that make up a plant cell and their role in 

keeping plants alive. 

2. Carotenoids: 

 Carotenoids are yellow or red pigments found in carrots, tomato and leaves.  

 They are located inside chloroplasts. They transfer light energy to chlorophylls.  

 Their main function is to protect the chlorophylls against photooxidation.  

http://scienceline.ucsb.edu/getkey.php?key=1110
http://www.mbgnet.net/bioplants/food.html
https://hort.purdue.edu/ext/chlorophyll.html
http://hyperphysics.phy-astr.gsu.edu/hbase/biology/pigpho.html
http://www.botgard.ucla.edu/html/botanytextbooks/generalbotany/shootfeatures/generalstructure/leafcolor/variationsingreen.html
http://www2.mcdaniel.edu/Biology/botf99/photo/i1ntrophoto.htm
https://www2.estrellamountain.edu/faculty/farabee/biobk/BioBookPS.html
https://micro.magnet.fsu.edu/cells/chloroplasts/chloroplasts.html
http://www.enchantedlearning.com/subjects/plants/cell/
http://biology-pages.info/P/PlantCell.html
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 In animals carotenoids serve as provitamin-A and Vitamin-A is synthesized from it.  

 They are fat soluble.  

 They are derived lipids. 

 They are called chromolipids or lipochromes because of their colour. 

 Chemically carotenoids are hydrocarbons.  

 They have 40 carbon atoms.  

 They are isoprene derivatives. 

 They are tetraterpenes containing 8 isoprene units. 

 In most of the carotenoids, their central portion contains a long conjugated chain which is 

composed of 4 isoprene units, the centre two of which are linked tail to tail. 

 At the two ends of the chain, there may be 2 open chain structures or 1 open chain structure and 

one ring structure or 2 ring structures. 

 There are 3 types of carotenoids, namely lycopene, carotene and xanthophylls. 

i) Lycopene: 

 It is found in tomato, paprika and other fruits.  

 It is a tetraterpene. 

 It has 13 double bonds of which 11 are conjugated. 

ii) Carotene: 

 It is found in carrots.  

 There are three types of carotenes, namely α, β & γ carotenes.  

 They are tetraterpenes.   

 Β-carotene is the most abundant carotenoid.  

 It has two ionone rings one at each end. 
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iii) Xanthophylls: 

 It is a yellow carotenoid pigment found in leaves, corn and crustaceans.  

 It the xanthophylls of leaf are called lutein, that of corn is called zeaxanthine and that of 

crustaceans is called astaxanthine.  

 They are tetraterpenes.   

 It is characterized by the presence of two ionone rings.  

 They have hydroxyl (OH) groups in the ionone rings. 

 

 

Uses of carotenoids: 
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 Carotenoids serve two key roles in plants and algae: they absorb light energy for use in 

photosynthesis, and they protect chlorophyll from photodamage. Because carotenoids assist in 

absorbing photons for photosynthesis, they have been called accessory pigments.  

 But over the past 30 years, it has become apparent that they have a second function, no less 

important than the first. And that is to divert excess energy away from the chlorophyll molecules. 

 Carotenoids are plant pigments responsible for bright red, yellow and orange hues in many 

fruits and vegetables.  

 These pigments play an important role in plant health. They help plants absorb light energy 

for use in photosynthesis. 
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3. Phycobilins: 

 Phycobilins are red or blue pigments. They are found in red algae and blue-green bacteria 

(cyanobacteria).  

 There are four types of Phycobilins, namely,  phycoerythrobilin and phycocyanobilin.  

 Phycoerythrobilin is red in colour and is found in red algae.  

 Phycocyanobilin (also known as phycobiliverdin) is blue in colour and is present in blue-

green algae.  

 Phycourobilin, which is orange. 

 Phycoviolobilin (also known as phycobiliviolin) found in phycoerythrocyanin 

 The phycobilins are linear tetra-pyrroles and unlike chlorophylls, they lack Mg++. 

 Phycobilins are termed as accessory pigments and proteineous in nature. 

 They absorb light energy and transfer them to chlorophylls for photosynthesis. 

 

 

 

 

 

https://en.wikipedia.org/wiki/Phycourobilin
https://en.wikipedia.org/w/index.php?title=Phycoviolobilin&action=edit&redlink=1
https://en.wikipedia.org/wiki/Phycoerythrocyanin
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Structure of phycobilins: 

                                      

In chemical terms, phycobilins consist of an open chain of four pyrrole rings (tetrapyrrole) and are 

structurally similar to the bile pigment bilirubin, which explains the name. (Bilirubin's conformation 

is also affected by light, a fact used for the phototherapy of jaundicednewborns.) Phycobilins are 

also closely related to the chromophores of the light-detecting plant pigment phytochrome, which 

also consist of an open chain of four pyrroles. Chlorophylls are composed of four pyrroles as well, 

but there the pyrroles are arranged in a ring and contain a metal atom in the center of it. 

Uses of phycobilins: 

The vial on the right contains the reddish pigmentphycoerythrin, which gives the red algae their 

common name. Phycobilins are not only useful to the organisms which use them for soaking up 

light energy; they have also found use as research tools. 

4. Anthocyanins: 

 Anthocyanins are blue, red, or purple pigments found in plants, especially flowers, fruits, and 

tubers.  

 In acidic condition, anthocyanin appears as red pigment while blue pigment anthocyanin exists in 

alkaline conditions. 

 Anthocyanin is considered as one of the flavonoids although it has a positive charge at the 

oxygen atom of the C-ring of basic flavonoid structure. 

 It is also called the flavylium (2-phenylchromenylium) ion. 

 Anthocyanins (also anthocyans; from Greek (anthos) "flower" and “dark blue”) are "dark 

blue") are water-soluble vacuolar pigments that, depending on their pH, may appear red, purple, 

or blue. 

https://en.wikipedia.org/wiki/Pyrrole
https://en.wikipedia.org/wiki/Tetrapyrrole
https://en.wikipedia.org/wiki/Bile
https://en.wikipedia.org/wiki/Bilirubin
https://en.wikipedia.org/wiki/Phototherapy
https://en.wikipedia.org/wiki/Jaundice
https://en.wikipedia.org/wiki/Phytochrome
https://en.wikipedia.org/wiki/Chlorophyll
https://en.wikipedia.org/wiki/Ancient_Greek
https://en.wikipedia.org/wiki/Solubility
https://en.wikipedia.org/wiki/Vacuole
https://en.wikipedia.org/wiki/Pigment
https://en.wikipedia.org/wiki/PH
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 Food plants rich in anthocyanins include the blueberry, raspberry, black rice, and black soybean, 

among many others that are red, blue, purple, or black.  

 Some of the colors of autumn leaves are derived from anthocyanins.  

 Anthocyanins belong to a parent class of molecules called flavonoids synthesized via 

the  phenylpropanoid pathway.  

 They occur in all tissues of higher plants, including leaves, stems, roots, flowers, and fruits. 

Anthocyanins are derived from anthocyanidins by adding sugars.  

 They are odorless and moderately astringent.  

 Although approved to color foods and beverages in the European Union, anthocyanins are not 

approved for use as a food additive because they have not been verified as safe when used as 

food or supplement ingredients.  

 There is no high-quality evidence anthocyanins have any effect on human biology or diseases.   

 

Biosynthesis; 

1. Anthocyanin pigments are assembled like all other flavonoids from two different streams of 

chemical raw materials in the cell: 

 One stream involves the shikimate pathway to produce the amino 

acid phenylalanine, (see phenylpropanoids) 

 The other stream produces three molecules of malonyl-CoA, a C3 unit from a C2 unit 

(acetyl-CoA),  

2. These streams meet and are coupled together by the enzyme chalcone synthase, which forms 

an intermediate chalcone-like compound via a polyketide folding mechanism that is 

commonly found in plants, 

https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Flavonoids
https://en.wikipedia.org/wiki/Phenylpropanoid
https://en.wikipedia.org/wiki/Biological_tissue
https://en.wikipedia.org/wiki/Leaf
https://en.wikipedia.org/wiki/Plant_stem
https://en.wikipedia.org/wiki/Root
https://en.wikipedia.org/wiki/Flowers
https://en.wikipedia.org/wiki/Fruit
https://en.wikipedia.org/wiki/Anthocyanidins
https://en.wikipedia.org/wiki/Astringent
https://en.wikipedia.org/wiki/Colorant
https://en.wikipedia.org/wiki/Food_additive
https://en.wikipedia.org/wiki/Dietary_supplement
https://en.wikipedia.org/wiki/Flavonoid
https://en.wikipedia.org/wiki/Shikimate
https://en.wikipedia.org/wiki/Phenylalanine
https://en.wikipedia.org/wiki/Phenylpropanoid
https://en.wikipedia.org/wiki/Malonyl-CoA
https://en.wikipedia.org/wiki/Acetyl-CoA
https://en.wikipedia.org/wiki/Chalconoid
https://en.wikipedia.org/wiki/Polyketide
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3. The chalcone is subsequently isomerized by the enzyme chalcone isomerase to the prototype 

pigment naringenin, 

4. Naringenin is subsequently oxidized by enzymes such as flavanone hydroxylase, flavonoid 3' 

hydroxylase, and flavonoid 3' 5'-hydroxylase, 

5. These oxidation products are further reduced by the enzyme dihydroflavonol 4-reductaseto 

the corresponding colorless leucoanthocyanidins,  

6. Leucoanthocyanidins once were believed to be the immediate precursors of the next enzyme, 

a dioxygenase referred to as anthocyanidin synthase, or, leucoanthocyanidin dioxygenase; 

Flavan-3-ols, the products of leucoanthocyanidin reductase (LAR), recently have been shown 

to be their true substrates, 

7. The resulting unstable anthocyanidins are further coupled to sugar molecules by enzymes 

such as UDP-3-O-glucosyltransferase, to yield the final relatively-stable anthocyanins. 

  

https://en.wikipedia.org/wiki/Naringenin
https://en.wikipedia.org/wiki/Dihydroflavonol_4-reductase
https://en.wikipedia.org/wiki/Leucoanthocyanidin
https://en.wikipedia.org/wiki/Leucoanthocyanidin_dioxygenase
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Anthocyanin-rich plants: 

Coloration: 

In flowers, the coloration that is provided by anthocyanin accumulation may attract a wide variety of 

animal pollinators, while in fruits, the same coloration may aid in seed dispersal by attracting 

herbivorous animals to the potentially-edible fruits bearing these red, blue, or purple colors. 

Physiological roles: 

Anthocyanins have an antioxidant role in plants against reactive oxygen species caused 

by abiotic stresses, such as overexposure to ultraviolet light and extreme temperatures. Tomato 

plants protect against cold stress with anthocyanins countering reactive oxygen species, leading to a 

lower rate of cell death in leaves. 

Light absorbance: 

The absorbance pattern responsible for the red color of anthocyanins may be complementary to that 

of green chlorophyll in photosynthetically-active tissues such as young Quercus coccifera leaves. It 

may protect the leaves from attacks by plant eaters, herbivores, that may be attracted by green color. 

 

Occurrence of anthocyanins: 

 Anthocyanins are found in the cell vacuole, mostly in flowers and fruits, but also in leaves, 

stems, and roots. In these parts, they are found predominantly in outer cell layers such as 

the epidermis and peripheral mesophyll cells. 

 Most frequently occurring in nature are the glycosides of cyanidin, delphinidin, 

malvidin,   pelargonidin, peonidin, and petunidin.  

 Roughly 2% of all hydrocarbons fixed in photosynthesis are converted into flavonoids and their 

derivatives, such as the anthocyanins. 

 Not all land plants contain anthocyanin; in the Caryophyllales (including cactus, beets, 

and amaranth), they are replaced by betalains. 

 Anthocyanins and betalains have never been found in the same plant.  

https://en.wikipedia.org/wiki/Reactive_oxygen_species
https://en.wikipedia.org/wiki/Abiotic
https://en.wikipedia.org/wiki/Ultraviolet_light
https://en.wikipedia.org/wiki/Cell_death
https://en.wikipedia.org/wiki/Chlorophyll
https://en.wikipedia.org/wiki/Quercus_coccifera
https://en.wikipedia.org/wiki/Epidermis_(botany)
https://en.wikipedia.org/wiki/Pelargonidin
https://en.wikipedia.org/wiki/Peonidin
https://en.wikipedia.org/wiki/Petunidin
https://en.wikipedia.org/wiki/Hydrocarbon
https://en.wikipedia.org/wiki/Caryophyllales
https://en.wikipedia.org/wiki/Cactus
https://en.wikipedia.org/wiki/Beet
https://en.wikipedia.org/wiki/Amaranth
https://en.wikipedia.org/wiki/Betalain
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 Sometimes bred purposely for high anthocyanin quantities, ornamental plants such as sweet 

peppers may have unusual culinary and aesthetic appeal.  

Application: 

 Anthocyanins found in plants have a wide range of usage. Blue, red, and purple colored pigments 

extracted from flowers, fruits, and vegetables are traditionally used as dye and food colorant.  

 Besides being used as natural colorants, some of the anthocyanin-rich flowers and fruits have 

been traditionally used as medicine to treat various diseases.  

 On the other hand, plant anthocyanins have been widely studied for their medicinal values. 

Anthocyanins possess antidiabetic, anticancer, anti-inflammatory, antimicrobial, and anti-obesity 

effects, as well as prevention of cardiovascular diseases (CVDs). Therefore, anthocyanins 

extracted from edible plants are potential pharmaceutical ingredients. 

 Potential uses of anthocyanin pigments. Anthocyanins extracted from plants have been used as 

food additives.  

 Food additive, E163, is one of the commercial additives derived from fruit anthocyanin such as 

grape skin.  

 It is a purple food additive for use in producing purple-colored jam, confectionaries, and 

beverages. 

                                       

                         

https://en.wikipedia.org/wiki/Plant_breeding
https://en.wikipedia.org/wiki/Ornamental_plant
https://en.wikipedia.org/wiki/Sweet_pepper
https://en.wikipedia.org/wiki/Sweet_pepper
https://en.wikipedia.org/wiki/Aesthetic
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EXERCISE:     SECTION – A 

I. ANSWER ALL QUESTIONS:                 10X2=20 

1. Mention the types of carotenoids. 

2. What is biliproteins? 

3. What are the functions of secondary metabolites? 

4. Give the role of corotenoids. 

5. Give the types of chlorophylls. 

6. Define phycobilins. 

7. Define secondary metabolites. 

8. Comment on the types of phycobillins. 

9. Mention the role of secondary metabolites. 

10. What are anthocyanins? 

11. Define carotenoids. 

12. What are accessory plant pigments? 

                                                        SECTION – B 

II. ANSWER ALL QUESTIONS:                  5X5=25 

1. Give an account on phycobillins. 

2. Write short note on anthosynin. 

3. Write short notes on chlorophylls. 

4. Explain the role of phycobillins in photosynthesis. 

5. Discuss on the plant pigment – carotenoids. 

6. Explain the structure and functions of anthocyanins. 

7. Give an account on t-RNA structure. Write an account on anthrocyanin. 

8. Elaborate on carotenoids. 

9. Write a short note on Phycobillins. 

10. Give the structure and functions of Carotenoids. 

11. Describe the structure and functions of phycobilins. 

12. Short note on secondary metabolites. 

SECTION - C 

      III. ANSWER ANY THREE QUESTIONS:                3X10=30 

1. Give an account on major plant pigments. 
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2. Write an essay on secondary metabolites. 

3. Brief account on secondary metabolites from plant and its significance. 

4. Explain the major plant pigments. 

5. Write an essay on chlorophyll and its types. 

6. Explain in detail on the hormones secreted in pituitary glands with its deficiency condition. 
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UNIT – V 

Phytohormones – structure and functions of auxin, gibberellins, cytokinins and abscissic acid. 

 Definition: 

 Plant hormones or phytohormones may be defined as “an organic substance produced naturally 

in plants which control growth and other physiological functions at a site away from its place of 

synthesis”.  

 Photohormones are chemical substances responsible for growth regulation in plants. 

 Thimann (1948) proposed the term phytohormones.  

 As these hormones are synthesis by plants, they are also called phytohormones.  

 Phytohormones are active in small concentrations.  

 They are capable of influencing physiological activities leading promotion, inhibition and 

modification of growth.  

 These growth regulatory substances are generally grouped under five major classes, namely 

Auxins, Gibberellins, Cytokinins, and Abscisic acid. 

                              

Characteristics of phytohormones: 

 The word hormone is derived from Greek, meaning 'set in motion.' Plant hormones affect gene 

expression and transcription levels, cellular division, and growth. 

 They are naturally produced within plants, though very similar chemicals are produced by fungi 

and bacteria that can also effect plant growth. 

 Plant hormones are not nutrients, but chemicals that in small amounts promote and influence the 

growth, development, and differentiation of cells and tissues. 
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 The biosynthesis of plant hormones within plant tissues is often diffuse and not always localized. 

 Plants utilize simple chemicals as hormones, which move more easily through the plant's tissues. 

 They are often produced and used on a local basis within the plant body, plant cells even produce 

hormones that affect different regions of the cell producing the hormone. 

 Hormones are transported within the plant by utilizing four types of movements. 

 For localized movement, cytoplasmic streaming within cells and slow diffusion of ions and 

molecules between cells are utilized. 

 Vascular tissues are used to move hormones from one part of the plant to another; these include 

sieve tubes that move sugars from the leaves to the roots and flowers, and xylem that moves 

water and mineral solutes from the roots to the foliage. 

 Not all plant cells respond to hormones, but those cells that do are programmed to respond at 

specific points in their growth cycle. 

 The greatest effects occur at specific stages during the cell's life, with diminished effects 

occurring before or after this period. 

 Plants need hormones at very specific times during plant growth and at specific locations. 

 They also need to disengage the effects that hormones have when they are no longer needed. 

 The production of hormones occurs very often at sites of active growth within the meristems, 

before cells have fully differentiated. 

 After production they are sometimes moved to other parts of the plant where they cause an 

immediate effect or they can be stored in cells to be released later. 

 Plants use different pathways to regulate internal hormone quantities and moderate their effects; 

they can regulate the amount of chemicals used to biosynthesize hormones. 

 They can store them in cells, inactivate them, or cannibalise already-formed hormones by 

conjugating them with carbohydrates, amino acids or peptides. 

 Plants can also break down hormones chemically, effectively destroying them. Plant hormones 

frequently regulate the concentrations of other plant hormones. 

 Plants also move hormones around the plant diluting their concentrations. 

 The concentration of hormones required for plant responses are very low (10-6 to 10-5mol/L).  

 Because of these low concentrations, it has been very difficult to study plant hormones, and only 

since the late 1970s have scientists been able to start piecing together their effects and 

relationships to plant physiology. 

http://ecoursesonline.icar.gov.in/mod/page/view.php?id=6655
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 Much of the early work on plant hormones involved studying plants that were genetically 

deficient in one or involved the use of tissue-cultured plants grown in vitro that were subjected to 

differing ratios of hormones, and the resultant growth compared. 

 The earliest scientific observation and study dates to the 1880s; the determination and 

observation of plant hormones and their identification were spread-out over the next 70 years. 

Auxins: 

 Auxins are natural growth hormones found in plants, which promote the shoot elongation in 

plants. 

 Auxin is a general name for a group of hormones that are involved with growth responses 

(elongate cells, stimulate cell division in callus). 

 The term “auxin” is derived from the Greek word “to increase or grow”. 

 Thimann was the first to isolate one of these phytohormones and determine its chemical structure 

as indole-3-acetic acid (IAA).  

 They are abundant in the apex of the plants. 

 They are present in all over the plants varying in concentration. 

 The free form of auxin is Indole – 3 – acetic acid. 

 The indole acetic acid of plants exists either in oxidized form or in conjugate form with amino 

acids or sugars or sugar alcohol (myoinositol). 

Structure: 

 Indole-3-acetic acid (IAA) is the most abundant and the basic auxin natively occurring and 

functioning in plants. 

 It generates the majority of auxin effects in intact plants, and is the most potent native auxin.  

 There are four more endogenously synthesized auxins in plants. All auxins are compounds with 

aromatic ring and a carboxylic acid group.   

https://en.wikipedia.org/wiki/Kenneth_V._Thimann
https://en.wikipedia.org/wiki/Indole-3-acetic_acid
https://en.wikipedia.org/wiki/Indole-3-acetic_acid
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Function: 

 It is responsible for broad clustering of root and growth of plant. 

 Auxins promote stem elongation, inhibit growth of lateral buds (maintains apical dominance).  

 They are produced in the stem, buds, and root tips. Example: Indole Acetic Acid (IA). 

  Auxin is a plant hormone produced in the stem tip that promotes cell elongation.  

 It stimulates cell elongation (cell multiplication). 

 Auxin induces the formation and organization of phloem and xylem.  

 When the plant is wounded, the auxin may induce the cell differentiation and regeneration of the 

vascular tissues. 

 It induces callus and promotes growth in plants. 

 It’s prevented abscission in plants and refers premature dropping of leaves and buds. 

  It stimulates root initiation on stem cuttings and lateral root development in tissue culture. 

 It’s mediate to the tropistic response of bending in response to gravity and light. 

  It delays leaf senescence in plants. 

 Auxin is required for fruit growth and development and delays fruit senescence.  

 Auxin plays also a minor role in the initiation of flowering and development of reproductive 

organs. 

  In low concentrations, it can delay the senescence of flowers. 

Gibberellins: 

 Gibberellins (GAs) are plant hormones that regulate growth and influence various developmental 

processes, including stem elongation, germination, dormancy, flowering, sex expression, enzyme 

induction, and leaf and fruit senescence. 

 Gibberellins was first discovered in rice by Japanese researchers, including Eiichi Kurosawa. 

https://en.wikipedia.org/wiki/Phloem
https://en.wikipedia.org/wiki/Xylem
https://en.wikipedia.org/wiki/Cell_differentiation
https://en.wikipedia.org/wiki/Senescence
https://en.wikipedia.org/wiki/Senescence
https://en.wikipedia.org/wiki/Gibberellin
https://en.wikipedia.org/wiki/Gibberellin
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 They are chemical produced by a fungus called Gibberella fujikuroi that produced abnormal 

growth in rice plants. 

 They are including a large range of chemicals that are produced naturally within plants and by 

fungi. 

 They are synthesized in young leaves, roots and shoots and transported to other parts of the plant. 

 Gibberellins are a group of plant hormones that, like, auxin, promote plant growth. 

 Gibberellins are important in seed germination, affecting enzyme production that mobilizes food 

production used for growth of new cells. 

Structure: (C19H22O6) 

                                     

 Gibberezllic acid, also called Gibberellin. 

 18 gibberellins are monocarboxylic acids, 7 are dicarboxylic acid and the remaining 4 are 

tricarboxylic acids. 

 The various gibberellins differ from each other in the number and position of the functional 

groups. 

 Gibberellin A1 has the following functional groups: 

 One carboxyl group 

 One ethylenic double bond 

 Two alcoholic hydroxyl groups 

 One saturated lactone 

 One methyl group 

 It stimulates the cells of germinating seeds to produce mRNA molecules that code for hydrolytic 

enzymes. 

 They are more than 60 types of gibberellins are abbreviated GA1, GA2, etc. 

https://en.wikipedia.org/wiki/Gibberella_fujikuroi
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 They are also dihydroxylated. 

Function: 

 Gibberellins are growth hormones that stimulate cell elongation and cause plants to grow taller.  

 Gibberellins also have a role in other plant processes, such as stem elongation, germination, 

flowering, and fruit ripening. 

 It stimulating cell division elongation. 

 It stimulates flowering/budding in response to lengthening days. 

 It can induce seedless fruit development (parthenocarpic). 

 It can delay senescence (ripening) in leaves and fruit. 

 It induces maleness (sex expression) in dioecious flowers. 

 They are responsible for breaking dormancy in seeds. 

Cytokinins: (cyto – cell, kinin – division) 
 

 Cytokinins are plant hormones promoting cytokinesis (cell division) in plants. 

 The term cytokinin was proposed by Letham in 1963. 

 Cytokinins or CKs are a group of chemicals that influence cell division and shoot formation.  

 Roots are the richest sources of vitamins. 

 Fruits and endosperm also contain large amount of cytokinins. 

 Coconut milk and corn endosperm possess the active substance. 

 They were called kinins in the past when the first cytokinins were isolated from yeast cells.  

 They also help delay senescence of tissues, are responsible for mediating auxin transport 

throughout the plant, and affect intermodal length and leaf growth. 

  Cytokinins and auxins often work together, and the ratios of these two groups of plant hormones 

affect most major growth periods during a plant's lifetime.  

 Cytokinins counter the apical dominance induced by auxins; they in conjunction with ethylene 

promote abscission of leaves, flower parts, and fruits. 

  The correlation of auxins and cytokinins in the plants is a constant (A/C = const.).  

 Structure: 

 Chemically cytokinins are kinins. They are purine derivatives. They are are regarded as the 

degraded products of adenine, a component of DNA, RNA, ATP, EPN and TPN. 

https://en.wikipedia.org/wiki/Cytokinin
https://en.wikipedia.org/wiki/Senescence
https://en.wikipedia.org/wiki/Auxins
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 The following are the important cytokinins: 

 Kinetin (6-furfurylaminopurine) 

 6-benzyl amino purine 

 6-phenyl amino purine 

 Methyl amino  purine 

 Dimethyl amino purine 

 Zeatin;6-amino purine 

                               

Functions: 

Cell division: 

 Kinins are notable for their stimulatory effect on cell division. 

 The process of cell division completes in 3 steps, viz., DNA synthesis, mitosis and cytokinesis. 

Cell elongation: 

 Besides auxins and gibberellins, kinetin also promotes cell elongation. 

 Cell elongation induced by kinetin has been well established. 

 The kinetin should not be regarded as exclusively a cell division factor. 

Organogenesis: 

 Cytokinins can cause organogenesis (ie., the formation of organs) in a variety of tissue cultures. 

 The kinins also stimulate the production of buds in leaf segments of various plants. 

Breaking Dormancy of Seed: 

 Cytokinins are also effective in breaking seed dormancy in lettuce, tobacco, white clover and 

carpet grass. 

 The inhibitory effect of infrared light on germination of lettuce seeds is also alleviated by kinetin 

treatment. 
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Delay of Senescence: 

 Senescence can be postponed in the detached leaves of Xanthium for many days by kinetin 

treatment. 

 The ageing of the leaves which is associated with the loss of chlorophyll and the breakdown of 

proteins.  

Roll of Abscission: 

 Cytokinin can accelerate as well as retard the process of abscission in leaf petioles. 

Flowering: 

 Cytokinin can be employed successfully to induce flowering in short day plants. 

Root growth: 

 It is capable of stimulating as well as inhibiting root development. 

 It is also induced increase in dry weight and elongation of the roots of lupin seedlings. 

Abscisic acid: 

 Abscisic acid (also called ABA) is one of the most important plant growth regulators. 

 It was discovered by Eagles and Wareing in 1963. 

 They named it as dormin because it induced dormancy leading to the arrest in apical growth. 

 It occurs in angiosperms and gymnosperms but apparently not in liverworts. 

 ABA in plants is made from carotenoids. 

 Once synthesized, ABA moves through a plant in xylem, phloem and parenchyma. 

Structure: 

 Abscisic acid is a sesquiterpene with molecular formula C15H20O4. 

 It exists in Cis-trans isomers and weak organic acid. 

 Its molecule contains a carboxyl groups, 4 double bonds and an identical number of methyl 

groups. 

 It is degraded by the enzyme abscisic acid 8-hydroxylase into phaseic acid. 

 Like gibberellins and cytokinins, abscisic acid moves nonpolarly.  

 There are no synthetic abscisic acids. 

https://en.wikipedia.org/wiki/Abscisic_acid
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Function: 

 It is involved in several plant functions. Plants have openings on the bottom side of their leaves, 

known as stomata. 

 Stomata take in carbon dioxide and regulate water content.  

 It inhibits cell growth promoted by IAA. 

 It inhibits amylase produced by seed treated with gibberellins. 

 It promotes chlorosis that is inhibited by cytokinins. 

 It inhibits seed germination in ash and lettuce. 

 It inhibits growth, phototropism and flower initiation. 

 It induces dormancy leading to the arrest in apical growth. 

 It accelerates abscission and senescence in many plants such as cotton. 

Closure of stomata:  

 It is a known fact that during drought, leaves synthesize large amounts of ABA which causes 

stomata to close. 

 Thus, ABA acts as a messenger and enables plants to conserve water during drought. 

Delays seed dormancy: 

 In many species, applying ABA delays seed germination. 

 Similarly, in many other plants, the amount of ABA in their seeds decreases, when seeds 

germinate.  

 Thus, it may be inferred that ABA controls seed dormancy in some cases. 

 

 



86 
 

Ethylene: 

 Ethylene is a small hydrocarbon gas that forms through the breakdown of methionine, which is 

in all cells.  

 Ethylene has very limited solubility in water and does not accumulate within the cell but diffuses 

out of the cell and escapes out of the plant. 

 It is produced by certain fungi (Pencillium digitatum) and in the leaves and flowers of many 

higher plants. 

 It is naturally occurring, but it can also occur as a result of combustion and other processes. 

 Its effectiveness as a plant hormone is dependent on its rate of production versus its rate of 

escaping into the atmosphere. Ethylene is produced at a faster rate in rapidly growing and 

dividing cells, especially in darkness. 

                                                         

Function: 

 Ethylene is also involved in stimulating the production of flowers. 

 In addition, ethylene (in combination with auxin) inhibits the elongation of roots, stems and 

leaves. 

 It also sometimes inhibits growth and triggers programmed cell death. 

 It influences leaf abscission. 

 It accelerates the colouring of harvested lemons. 

 It accelerates the ripening of fruits. 

 In pineapple, it induces flowering and rooting. 

 Apples and pears have ethylene when they are ripe. 

 Some farmers and fruit sellers use artificial ethylene to ripen the raw fruits. 

 They are also responsible for formation of the parthenocarpic fruits. 

 Parthenocarpy refers the formation of seedless fruits.  

 

https://en.wikipedia.org/wiki/Ethylene
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EXERCISE:        SECTION – A 

I. ANSWER ALL QUESTIONS:                 10X2=20 

1. Name the plant hormones that can induce parthenocarpy. 

2. What are plant hormones? 

3. Give the structure of gibberellic acid. 

4. Write any two functions of Abscissic acid. 

5. What are called as phyto hormones? 

6. Name the hormone that can induce growth. 

7. What are phytohormones? 

8. Write the functions of gibberellins. 

9. What hormone causes bolting in plants? 

10. What is the natural auxin? 

11. Define apical dominance. 

12. Name the hormones which induce parthenocarpy. 

                                   SECTION – B           

II. ANSWER ALL QUESTIONS:                  5X5=25 

1. Write the role of gibberellins. 

2. Give a short note on functions of auxin. 

3. Elaborate on auxin structure. 

4. Enumerate the functions of gibberellins. 

5. Discuss on the significance of cytokinins and abscissic acid. 

6. Write about the structure and functions of gibberellins. 

7. What is absicisic acid? Mention its function. 

8. Describe the structure of kinetin and zeatin. 

9. What are the functions of Abscisic acid. 

10. What are cytokinins? Write its uses. 

11. Write about the major role of auxin in plant. 

12. Discuss on the structure and functions of gibberellins. 

       SECTION - C 

     III. ANSWER ANY THREE QUESTIONS:                3X10=30 

1. Describe the structure and functions of cytokinins. 

2. Give a detailed account on cytokinins structure and functions. 



88 
 

3. Describe the structure and functions of auxins. 

4. Describe the functions of auxin. 

5. Give a detailed account on functions of gibberellins. 

6. Describe the structure and functions of cytokines and abscissic acid. 

******************************************************************************** 

BHARATHIDASAN UNIVERSITY – APRIL 2017 

BIOCHEMISTRY – II 

SECTION – A 

I. ANSWER ALL QUESTIONS:                 10X2=20 

1. What is serum? 

2. Define plasma. 

3. Name the endocrine cells of pancreas. 

4. Why vasopressin is called as antidiuretic hormone? 

5. Comment on thyrotoxicosis. 

6. What happens when ACTH is over produced? 

7. Mention the types of carotenoids. 

8. What is biliproteins? 

9. Name the plant hormones that can induce parthenocarpy. 

10. What are plant hormones? 

SECTION – B            

II. ANSWER ALL QUESTIONS:                  5X5=25 

11. a) Write a short on functions of blood. 

Or 

b) Explain intrinsic pathway of blood coagulation. 

       12.  a) Describe the biosynthesis of thyroid hormones. 

Or 

b) Give the functions of catecholamines. 

12. a) Elaborate on hypothyroidism. 

Or 

b) Write the abnormalities of GH production. 

13. a) Give an account on phycobillins. 
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   Or 

 b) Write short note on anthosynin. 

14.  a) Write the role of gibberellins. 

    Or 

             b) Give a short note on functions of auxin. 

SECTION - C 

III. ANSWER ANY THREE QUESTIONS:                3X10=30 

15. Explain various methods adopted to characterize blood. 

16. Discuss the functions of sex hormones. 

17. Write an essay on hypoparathyroidism and hyperparathyroidism. 

18. Give an account on major plant pigments. 

19. Describe the structure and functions of cytokinins. 

******************************************************************************** 

BHARATHIDASAN UNIVERSITY – NOVEMBER 2017 

BIOCHEMISTRY – II 

SECTION – A 

I. ANSWER ALL QUESTIONS:                 10X2=20 

1. Give any two functions of blood. 

2. Name the cells present in blood. 

3. Hormones – definition. 

4. What are the hormones secreted by pituitary gland? 

5. What is tetany? 

6. Comment on Diabetes Insipidus. 

7. What are the functions of secondary metabolites? 

8. Give the role of corotenoids. 

9. Give the structure of gibberellic acid. 

10. Write any two functions of Abscissic acid. 

SECTION – B 

II. ANSWER ALL QUESTIONS:                  5X5=25 

11. a) Write the any one method used to characterize blood. 

Or 
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b) Write a short note on blood composition. 

12. a) Give a short note on classification of hormones. 

Or 

b) What are actions of parathyroid gland? 

13. a) Why hypothyroidism occurs? Write the symptoms. 

Or 

b) Write a short note on diabetes mellitus. 

14. a) Write short notes on chlorophylls. 

   Or 

 b) Explain the role of phycobillins in photosynthesis. 

15.  a) Elaborate on auxin structure. 

    Or 

             b) Enumerate the functions of gibberellins. 

SECTION - C 

III. ANSWER ANY THREE QUESTIONS:                3X10=30 

16. Discuss the blood coagulation pathway in detail. 

17. Describe the functions of sex hormones. 

18. Explain the followings: 

a) Addison’s disease 

b) Cushing syndrome 

c) Pheochromocytoma. 

19. Write an essay on secondary metabolites. 

20. Give a detailed account on cytokinins structure and functions. 

******************************************************************************** 

BHARATHIDASAN UNIVERSITY – APRIL 2018 

BIOCHEMISTRY – II             

SECTION – A 

I. ANSWER ALL QUESTIONS:                  10X2=20 

1. Define serum. 

2. Write about the origin of blood. 

3. Define endocrine system. 
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4. State any two functions of sex hormones. 

5. List out the hormones secreted in adrenal glands. 

6. Write about the deficiency of somatostatin. 

7. Give the types of chlorophylls. 

8. Define phycobilins. 

9. What are called as phyto hormones? 

10. Name the hormone that can induce growth. 

SECTION – B 

II. ANSWER ALL QUESTIONS:                   5X5=25 

11. a) Discuss on the steps involved in blood coagulation. 

Or 

b) Short note on blood characterization. 

12. a) Classify hormones and discuss on it. 

Or 

b) Brief note on structure and function of pituitary hormone. 

13. a) Write an account on hormones secreted in hypothalamus. 

Or 

b) Discuss on the hyper secretion of pituitary hormone. 

14. a) Discuss on the plant pigment – carotenoids. 

   Or 

 b) Explain the structure and functions of anthocyanins. 

15.  a) Discuss on the significance of cytokinins and abscissic acid. 

    Or 

             b) Write about the structure and functions of gibberellins. 

SECTION - C 

III. ANSWER ANY THREE QUESTIONS:                3X10=30 

16. Briefly discuss on the composition and functions of blood. 

17. Discuss on the synthesis and functions of thyroid hormone. 

18. Explain in detail on hypothyroidism and hyperthyroidism. 

19. Brief account on secondary metabolites from plant and its significance. 

20. Describe the structure and functions of auxins. 
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BHARATHIDASAN UNIVERSITY – NOVEMBER 2018 

BIOCHEMISTRY – II 

SECTION – A 

I. ANSWER ALL QUESTIONS:                  10X2=20 

1. What is plasma? 

2. How will you separate serum? 

3. Define hormones. 

4. How hormones are classified based on chemical nature? 

5. Write the causes for hyper aldosteronism. 

6. What is diabetes insipidus? 

7. Define secondary metabolites. 

8. Comment on the types of phycobillins. 

9. What are phytohormones? 

10. Write the functions of gibberellins. 

SECTION – B 

II. ANSWER ALL QUESTIONS:                  5X5=25 

11. a) What are the thirteen blood clotting factors involved in blood coagulation? 

Or 

b) Write any five functions of blood. 

12. a) Illustrate group I and group II hormones. 

Or 

b) Write a short note on hormones of anterior pituitary. 

13. a) Explain hypothyroidism. 

Or 

b) Give the features of tetany. 

14. a) Give an account on t-RNA structure. Write an account on anthrocyanin. 

   Or 

 b) Elaborate on carotenoids. 

15.  a) What is absicisic acid? Mention its function. 

    Or 

             b) Describe the structure of kinetin and zeatin. 
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SECTION - C 

III. ANSWER ANY THREE QUESTIONS:                 3X10=30 

16. Give a detailed note on composition of blood. 

17. Write an essay on thyroid and parathyroid gland. 

18. Discuss the disorders of adrenal cortex. 

19. Explain the major plant pigments. 

20. Describe the functions of auxin. 

******************************************************************************** 

BHARATHIDASAN UNIVERSITY – APRIL 2019 

BIOCHEMISTRY – II 

SECTION – A 

I. ANSWER ALL QUESTIONS:                  10X2=20 

1. What is blood? 

2. Define serum. 

3. What are hormones? 

4. Name the hormones of anterior pituitary. 

5. What is T3 – toxicosis? 

6. Comment Cushings Syndrome. 

7. Mention the role of secondary metabolites. 

8. What are anthocyanins? 

9. What hormone causes bolting in plants? 

10. What is the natural auxin? 

SECTION – B 

II. ANSWER ALL QUESTIONS:                   5X5=25 

11. a) Enumerate the functions of blood. 

Or 

b) Describe the composition of blood. 

12. a) Name the secretions of thyroid gland. Write their functions. 

Or 

b) Write a short note on adrenal gland. 

13. a) Give an account on hypopituitarism. 

Or 
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b) Illustrate Insulin dependent diabetes mellitus. 

14. a) Write a short note on Phycobillins. 

   Or 

 b) Give the structure and functions of Carotenoids. 

15.  a) What are the functions of Abscisic acid. 

    Or 

             b) What are cytokinins? Write its uses. 

SECTION - C 

III. ANSWER ANY THREE QUESTIONS:                3X10=30 

16. Explain the mechanism of blood coagulation. 

17. Describe the classification of hormones. 

18. Discuss the disorders of sex glands. 

19. Write an essay on chlorophyll and its types. 

20. Give a detailed account on functions of gibberellins. 

 

----------------------------------------- All the Best---------------------------------------- 

Additional Points: 

Parthenocarpy: 

The production of fruits without fertilization. In botany and horticulture, parthenocarpy is the natural or 

artificially induced production of fruit without fertilization of ovules, which makes the fruit seedless. 

However, parthenocarpy of some fruits on a plant may be of value.  
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S.No. Characteristics Serum Plasma 

1. Definition 
Serum is the liquid part of the blood 

after the coagulation. 

Plasma is a clear and yellowish 

fluid part of the blood. 

2. Composition 
Serum is the water fluid from blood 

without the clotting factors. 

Plasma is the blood fluid that 

contains blood clotting agents. 

3. Volume 
Volume of serum is less in 

comparison to plasma. 

Plasma is a clear yellow liquid 

which is 55% of total volume of 

blood. 

4. Isolation 
Serum is acquired from the process 

of spinning after clotting. 

Plasma is acquired from the 

process of spinning before 

clotting. 
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5. Isolation Procedure 
Serum is more difficult and time 

consuming to separate. 

Plasma is easier and less time 

consuming to separate as 

compared with serum. 

6. 
Use of 

Anticoagulants 

Serum does not need anticoagulants 

for separation. 

Anticoagulants are necessary to 

separate plasma. 

7. Composition 

Serum contains proteins, 

electrolytes, antibodies, antigens 

and hormones. 

Plasma is considered as the 

medium of blood in which RBCs 

(Red Blood Cells), WBC (White 

Blood Cells) and other 

components of blood are 

suspended. 

8. 
Composition 

(Antibodies) 

Serum contain antibodies and cross 

react with recipient antigen. 

Blood plasma contains antibodies, 

a type of protein that can fight a 

substance considered foreign to 

the host body. 

9. Composition 
Serum contains proteins like 

albumin and globulins. 

Plasma contains the clotting 

factors and water. 

10. Fibrinogen Absent Present 

11. 
Composition 

(Water) 
Serum contains 90% water. Plasma contains 92-95% water. 

12. Storage 
Serum can be stored at 2-6 degrees 

centigrade for several days. 

Frozen plasma can be stored for 

up to a year. 

13. Density 
Serum has a density of 

approximately 1.024 g/ml. 

Plasma has a density of 

approximately 1025 kg/m3, or 

1.025 g/ml. 

14. Arrangement 
Cells are usually attached together 

by clot formation. 

Cells are not attached together and 

suspended in plasma. 

15. Uses 

Serum is the most preferred part of 

blood used in checking blood 

groups. 

Plasma is delivered to the patients 

who lack blood cells. 

16. Uses 

Serum is an important source of 

electrolytes and animal sera are 

used as anti-venom, anti-toxins, and 

vaccinations. 

Plasma contains proteins that help 

in the transportation of material 

such as glucose and other 

dissolved nutrients through the 

blood. 
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17. Uses 

Serum is used for various diagnostic 

tests used for determining the levels 

of hCG, cholesterol, proteins, sugar, 

etc., in the blood. 

Plasma aids in the maintenance of 

blood pressure and in the 

regulation of body temperature 

 

Paper chromatography is a technique used to separate a mixture into its component molecules. The 

molecules migrate, or move up the paper, at different rates because of differences in solubility, 

molecular mass, and hydrogen bonding with the paper. 

 

Thin Layer Chromatography (TLC) 

Chromatography works on the principle that different compounds will have different solubilities and 

adsorption to the two phases between which they are to be partitioned. Thin Layer 

Chromatography (TLC) is a solid-liquid technique in which the two phases are a solid (stationary phase) 

and a liquid (moving phase). 

 

Types of Biomolecules 

There are four major classes of Biomolecules – Carbohydrates, Proteins, Nucleic acids and Lipids. 

DNA, short for deoxyribonucleic acid, is the molecule that contains the genetic code of organisms. ... 

Part of an organism's DNA is "non-coding DNA" sequences. They do not code for protein sequences. 

Some noncoding DNA is transcribed into non-coding RNA molecules, such as transfer RNA, ribosomal 

RNA, and regulatory RNAs. 

Biomolecules are an organic molecule that includes carbohydrates, protein, lipids, and nucleic acids. 

They are important for the survival of living cells. Some of valuable biomolecules have huge demand, 

which cannot be fulfilled from their renewable resources. 

 

DNA is a double-stranded molecule while RNA is a single-stranded molecule. ... DNA and RNA base 

pairing is slightly different since DNA uses the bases adenine, thymine, cytosine, and 

guanine; RNA uses adenine, uracil, cytosine, and guanine. Uracil differs from thymine in that it lacks a 

methyl group on its ring. 

 

Anthrone is a tricyclic aromatic ketone that can be used, for example for calorimetric determinations of 

carbohydrates in biological fluids. 
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Anthrone is the more stable tautomer relative to the anthrol. The tautomeric equilibrium is estimated at 

100 in aqueous solution. For the two other isomeric anthrols, the tautomeric equilibrium is reversed. 

Bovine serum albumin 

Bovine serum albumin (BSA or "Fraction V") is a serum albumin protein derived from cows. It is often 

used as a protein concentration standard in lab experiments. 

The nickname "Fraction V" refers to albumin being the fifth fraction of the original Edwin Cohn 

purification methodology that made use of differential solubility characteristics of plasma proteins. By 

manipulating solvent concentrations, pH, salt levels, and temperature, Cohn was able to pull out 

successive "fractions" of blood plasma. The process was first commercialized with human albumin for 

medical use and later adopted for production of BSA. 

Diphenylamine 

Diphenylamine is an organic compound with the formula (C6H5)2NH. The compound is a derivative 

of aniline, consisting of an amine bound to two phenyl groups. The compound is a colorless solid, but 

commercial samples are often yellow due to oxidized impurities.[5] Diphenylamine dissolves well in 

many common organic solvents, and is moderately soluble in water.[6] It is used mainly for 

its antioxidant properties. Diphenylamine is widely used as an 

industrial antioxidant, dye mordant and reagent and is also employed in agriculture as 

a fungicide and antihelmintic. 

Orcinol 

Orcinol is an organic compound with the formula CH3C6H3(OH)2. It occurs in many species 

of lichens[2] including Roccella tinctoria and Lecanora. Orcinol has been detected in the "toxic glue" of 

the ant species Camponotus saundersi. It is a colorless solid. It is related to resorcinol, 1,3-C6H4(OH)2. 

Laboratory water bath 

A water bath is laboratory equipment made from a container filled with heated water. It is used to 

incubate samples in water at a constant temperature over a long period of time. Most water baths have a 

digital or an analogue interface to allow users to set a desired temperature, but some water baths have 

their temperature controlled by a current passing through a reader. Utilisations include warming 

of reagents, melting of substrates or incubation of cell cultures. It is also used to enable certain chemical 

reactions to occur at high temperature. Water bath is a preferred heat source for heating flammable 

chemicals instead of an open flame to prevent ignition. Different types of water baths are used 
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depending on application. For all water baths, it can be used up to 99.9 °C. When temperature is above 

100 °C, alternative methods such as oil bath, silicone bath or sand bath may be used. 

Calorimeter 

A calorimeter is an object used for calorimetry, or the process of measuring the heat of chemical 

reactions or physical changes as well as heat capacity. Differential scanning calorimeters, isothermal 

micro calorimeters, titration calorimeters and accelerated rate calorimeters are among the most common 

types. A simple calorimeter just consists of a thermometer attached to a metal container full of water 

suspended above a combustion chamber. It is one of the measurement devices used in the study of 

thermodynamics, chemistry, and biochemistry. 

கல ோரிமோனி (Calorimeter) 

' கல ோரிமோனி என்பது லேதியிய ் எதிரவ்ினனகள் அ ் து 

இயற்பிய ் ரீதியோன மோற்றங்களின் லபோது ஏற்படும் வேப்பம் மற்றும் 

வேப்பத் திறன் ஆகியேற்னற அளவிட பயன்படும் கருவியோகும். 
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	Stage: 3
	ERYTHROPOISES:
	 Erythropoiesis (from Greek 'erythro' meaning "red" and 'poiesis' meaning "to make") is the process which produces red blood cells (erythrocytes).
	 It is stimulated by decreased O2in circulation, which is detected by the kidneys, which then secrete the hormone erythropoietin.
	 This hormone stimulates proliferation and differentiation of red cell precursors, which activates increased erythropoiesis in the hemopoietic tissues, ultimately producing red blood cells (erythrocytes).
	 In postnatal birds and mammals (including humans), this usually occurs within the red bone marrow. In the early fetus, erythropoiesis takes place in the mesodermal cells of the yolk sac.
	 By the third or fourth month, erythropoiesis moves to the liver. After seven months, erythropoiesis occurs in the bone marrow. Increased level of physical activity can cause an increase in erythropoiesis.
	They are various stages between CFU-E cells and matured RBCs.
	1. Proerythroblast
	2. Early normoblast
	3. Intermediate normoblast
	4. Late normoblast
	5. Reticulocyte
	6. Matured erythrocyte
	1. Proerythroblast (Megaloblast):
	 It is the first cell derived from CFU-E. It is very large in size with a diameter of about 20µ.
	 Its nucleus is large and occupies the cell almost completely.
	 The nucleus has two or more nucleoli and reticular network.
	 It does not contain hemoglobin and cytoplasm is basophilic in nature.
	 It multiplies several times and finally goes to next stage called early normoblast.
	2.     Early normoblast:
	 It is little smaller than proerythroblast with a diameter of about 15µ.
	     In the nucleus, the nucleoli disappear. The cytoplasm is basophilic in nature. So, this cell is also   called basophilic erythroblast.
	 This cell develops into next stage called intermediate normoblast.
	3. Intermediate Normoblast:
	 Cell is smaller than the early normoblast with a diameter of 10 to 12µ.
	 The nucleus is still present. The hemoglobin starts appearing.
	 Cytoplasm is already basophilic. Now, because of the presence of hemoglobin, it stains with both acidic as well as basic stains.
	 So this cell is called polychromophilic or polychromatic erythroblast.
	 This cell develops into next stage called late normoblast.
	4.  Late Normoblast:
	 Diameter of the cell decreases further to about 8 to 10µ.
	 Nucleus becomes very small and quality of hemoglobin increases.
	 The cytoplasm becomes almost acidophilic. So, the cell is now called orthochromic erythroblast.
	 Late normoblast develops into the next stage called reticulocyte.
	5.  Reticulocyte:
	 It is otherwise known as immature RBC.
	 It is slightly larger than matured RBC.
	 The cytoplasm contains reticulum. Reticulocyte is basophilic due to the presence of golgi apparatus, mitochondria and other organelles of cytoplasm.
	 During this stage, the cells enter the blood capillaries through capillary membrane from site of production.
	6. Matured erythrocyte:
	 Reticular cell disappeared into matured RBC and biconcave shape.
	 The cell decreases in size to 7.2µ diameter.
	 The matured RBC is with hemoglobin but without nucleus.
	 It requires 7 days for the development and maturation of RBC from proerythroblast.
	 It requires 5 days up to the stage of reticulocyte.
	 Reticulocyte takes 2 more days to become the matured RBC.
	PRODUCTION AND DEGRADATION OF BLOOD CELLS:
	Function:

	Anthocyanin-rich plants:
	Coloration:
	Physiological roles:
	Light absorbance:
	 Gibberellins (GAs) are plant hormones that regulate growth and influence various developmental processes, including stem elongation, germination, dormancy, flowering, sex expression, enzyme induction, and leaf and fruit senescence.
	 They are including a large range of chemicals that are produced naturally within plants and by fungi.
	 They are synthesized in young leaves, roots and shoots and transported to other parts of the plant.
	 Gibberezllic acid, also called Gibberellin.
	 18 gibberellins are monocarboxylic acids, 7 are dicarboxylic acid and the remaining 4 are tricarboxylic acids.
	 The various gibberellins differ from each other in the number and position of the functional groups.
	 Gibberellin A1 has the following functional groups:
	 One carboxyl group
	 One ethylenic double bond
	 Two alcoholic hydroxyl groups
	 One saturated lactone
	 One methyl group
	 It stimulates the cells of germinating seeds to produce mRNA molecules that code for hydrolytic enzymes.
	 They are more than 60 types of gibberellins are abbreviated GA1, GA2, etc.
	 They are also dihydroxylated.
	Cytokinins: (cyto – cell, kinin – division)
	Abscisic acid:
	Ethylene:
	Bovine serum albumin
	Diphenylamine
	Orcinol
	Laboratory water bath
	Calorimeter

