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In fifteenth and sixteenth centuries, thyroid gland was described in detail, and the enlargement 

of thyroid as the basis of goiter was noted

Iodine was discovered in 1811 by Courtois

Burnt sponges , a marine  products was recommended as the treatment of goiter

In 1849, it was suggested that disease was due to a deficiency of iodine

In 1895, Kocher and bern demonstrated high amount of iodine in thyroid concentrate. He 

named this substance iodothyronine

In 1918, Kendall, isolated active component of thyroid and he named it thyroxine and 

proposed its structural formula

In 1952, triiodothyronine was synthesized and found to be more active than thyroxine

Thyroid and Parathyroid Gland





Thyroid gland is derived from endoderm of the cephalic portion of the embryo’s alimentary 
canal
Brownish-red, highly vascular gland
Location:  ant neck, overlays 2nd – 4th tracheal rings
Gland is solid mass of tissue, bilobed and remain connected by narrow isthmus
Avg width:  12-15 mm (each lobe)
Avg height:  50-60 mm long
Avg weight:  25-30 g in adults (slightly more in women)Functional component of thyroid gland 
is thyroid follicle
Thyroid follicle is composed of cuboidal epithelium arranged single layer surrounding a lumen 
that contains colloid material
Clear (C) cells are present in the extracellular space between the follicles- these are the source 
of calcitonin, hormone involved in Ca+ homeostasis



lobules are composed of follicles = structural units of the 
gland  layer epithelium enclosing a colloid-filled cavity
Follicles = variable size
surrounded by dense plexuses of fenestrated capillaries, 
lymphatic vessels, and sympathetic nerves. 
Epithelial cells = 2 types: 
principal (ie: follicular) – formation of colloid 
(iodothyroglobulin)
parafollicular (ie: C cells -clear, light), lie adjacent to 
follicles w/in basal lamina  produce calcitonin



Synthesis of thyroid hormones

• Active uptake of iodide into follicular cell

• Iodide      iodine - H2O 2 (catalysed by TPO)

• Active uptake of iodine at follicular/ colloid interface

• Incorporation of iodine onto tyrosine residues of 

thyroglobulin

• Coupling of iodinated tyrosines

• Storeage of T3 and T4



Formation of Thyroid Hormones:

• MIT (Monoiodotyrosine) 

• DIT (Diiodotyrosine) 

• Thyroxine (DIT x 2 = T4) 

• Triiodothyronine (2 DIT + 1 MIT = T3) 

Follicular cells synthesize a protein thyroglobulin (TG) which is released in the colloid space by    vasicular exocytosis
TG is the substrate of tyrosine iodination and subsequent synthesis of thyroid hormones
Follicular cells trap at the base of cell (basal membrane) and transport it against an electric gradient across the cell
It is an energy requiring process,  by Na+ - I- symporterized iodine
Its activity depends on Na+/ K+ APTase
On the apical membrane , present pendrin, a porter protein  which transports iodide across the membrane into the follicular 
lumen
Into the follicular lumen, iodide is converted into oxdized iodine by enzyme peroxidase
In response to endocrine stumulus, follicular cells engulf the colloid by phagocytosis
Iodine is incorporatedinto tyrosyl residue of TG at 3 position as monoiodotyrosine (MIT) and at position 3 and 5 as 
diiodotyrosine (DIT) 
Within the TG, iodinated tyrosines undergo oxidative coupling to form iodothyronine
Through action of micro and macropinocytosis, the colloid is engulfed by follicular cells and transported into the cells as 
colloid droplets
These colloid containing vesicles then fuse with lysosomes
TG within these vesicles is degraded by lysosomal proteolytic enzymes
Thyroid hormones are then released by diffusion into the cytoplasm and enter into extracellular space by diffusion and 
enters into circulation
Iodinated tyrosine are released into the cytoplasm through lysosomal proteolysis and are deiodinated by enzyme deiodinase
and free iodide is recycled for use within the cell
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•In human serum , the concentration of T4 is 50 times greater than T3
•T3 is the major physiological active hormone regulating cellular activity
•T4 exert a negative feedback action on the hypothalamus
•The potency of T3 and T4 is 300:100
•The thyroid secretes about 80 microg of T4, but only 5 microg of T3 per day.
•However, T3 has a much greater biological activity (about 10 X) than T4.
•An additional 25 microg/day of T3 is produced by peripheral monodeiodination of T4.

rT3T3



Thyroid hormone metabolism

Series of deiodinations by deiodinases

Type 1 - liver, kidney, thyroid, pituitary gland, CNS: 5’ and 5 
positions

Type 2 - brain, brown fat, placenta, pituitary gland:  5’ position 
only: T4 T3 only: intracellular concentrations of T3

Type 3 - brain, placenta: 5 position only 

T4 T3

Other metabolic pathways:  sulphation, decarboxylation, conjugated with glucuronide

Feedback control of thyroid hormone synthesis and secretion

•Thyroid hormone secretion is regulated by TSH from pituitary 
gland that, in turn, is controlled by TRH of hypothalamic origin

•Thyroid hormones feed back at the pituitary and the 
hypothalamic levels to inhibit TSH and TRH level



• Type 2 receptors in nucleus - high affinity for T3

• Dimerize with another T3 receptor (homodimer) or retinoic 
acid receptor (heterodimer) 

• Dimerized receptor + other transcription factors            gene 
transcription 

• Membrane receptors? Ion movements

Mechanism of Thyroid hormone action

• T3/T4 acts through the thyroid hormone receptor

- intracellular, in steroid receptor superfamily

- acts as a transcription factor

- receptor binds to TRE on 5’ flanking region of genes as homodimers and/or heterodimers.

- multiple forms (alphas and betas) exist

- one form (alpha-2) is an antagonist at the TRE

HBDhypervariable DBD

 When not bound to hormone, the thyroid hormone receptor binds to target DNA (TRE on 5’ flanking region).  It 
is associated with corepressor proteins that cause DNA to be tightly wound and inhibit transcription.

 Binding of hormone causes a conformational change, resulting in loss of corepressor binding and association 
with coactivator proteins, which loosen DNA structure and stimulate transcription.



Physiological Roles of thyroid hormones

•Regulates of Basal Metabolic Rate (BMR).

•Increases oxygen consumption in most target tissues

•Permissive actions:  TH increases sensitivity of target tissues to catecholamines, thereby elevating 

lipolysis, glycogenolysis, and gluconeogenesis

•TH is critical for normal development of the skeletal system and musculature

•TH is also essential for normal brain development and regulates synaptogenesis, neuronal integration, 

myelination and cell migration

•Cretinism is the term for the constellation of defects resulting from untreated neonatal hypothyroidism

•Stimulate metabolic rate: increasing number and size of mitochondria, increasing enzymes in the 

metabolic chain, increasing Na+/K+ ATPase activity.  Resting metabolic rate may increase 100% with 

excess thyroid hormones or decrease by 50% with a deficiency

•Positive inotropic and chronotropic effects on the heart

•Important in growth and development - particularly skeleton and nervous system

•Maintains Basal Metabolic Rate (BMR)

•Oxygen requirements

•Regulates heat production

•Influences body & tissue growth

•Development of the nervous system in the fetus and young child



Thyroid Hormone Plays a Major Role in Growth and Development

• Thyroid hormone initiates or sustains differentiation and growth

– Stimulates formation of proteins, which exert trophic effects on tissues

– Is essential for normal brain development

• Essential for childhood growth

– Untreated congenital hypothyroidism or chronic hypothyroidism during childhood can result in incomplete 
development and mental retardation

Thyroid Hormones and the Central Nervous System (CNS)

• Thyroid hormones are essential for neural development and maturation and function of the CNS

• Decreased thyroid hormone concentrations may lead to alterations in cognitive function

– Patients with hypothyroidism may develop impairment of attention, slowed motor function, and poor memory

– Thyroid-replacement therapy may improve cognitive function when hypothyroidism is present

Thyroid Hormone Influences the Female Reproductive System

• Normal thyroid hormone function is important for reproductive function

– Hypothyroidism may be associated with menstrual disorders, infertility, risk of miscarriage, and other 

complications of pregnancy

Thyroid Hormone is Critical for Normal Bone Growth and Development

• T3  is an important regulator of skeletal maturation at the growth plate

– T3 regulates the expression of factors and other contributors to linear growth directly in the growth plate

– T3 also may participate in osteoblast differentiation and proliferation, and chondrocyte maturation leading to 

bone ossification



Thyroid Hormone Regulates Mitochondrial Activity

• T3 is considered the major regulator of mitochondrial activity

– A potent T3-dependent transcription factor of the mitochondrial genome induces early stimulation of 

transcription and increases transcription factor (TFA) expression

– T3 stimulates oxygen consumption by the mitochondria

Thyroid Hormones Stimulate Metabolic Activities in Most Tissues

• Thyroid hormones (specifically T3) regulate rate of overall body metabolism

– T3 increases basal metabolic rate

• Calorigenic effects

– T3 increases oxygen consumption by most peripheral tissues

– Increases body heat production

Metabolic Effects of T3

• Stimulates lipolysis and release of free fatty acids and glycerol

• Induces expression of lipogenic enzymes

• Effects cholesterol metabolism
• Stimulates metabolism of cholesterol to bile acids
• Facilitates rapid removal of LDL from plasma

• Generally stimulates all aspects of carbohydrate metabolism and the pathway for protein 
degradation

Thyroid Hormone Influences Cardiovascular Hemodynamics

• T3 causes lecal vasodilitation and cardiac chronotropy and inotropy which further increases cardiac output



THYROID DISORDERS

• Hypothyroidism – leads to impaired growth, lethargy, increased sleep, intolerance to cold, slow reflexes, depression & apathy, 
weight gain

• Hyperthyroidism – accelerated growth, hyperactive, decreased sleep, nervous, “emotional” state, heat intolerance, weight loss

TSH T4 T3

Hypothyroidism High Low Low

Hyperthyroidism Low High High

Hypothyroidism

• Primary hypothyroidism: Thyroid gland is under-

functioning because of some problem other than 

insufficient TSH. Eg From thyroid destruction

• Secondary hypothyroidism ("central hypothyroidism"): 

The thyroid gland is hypo-functioning because it is being 

under-stimulated by little TSH, reflecting a primary 

problem in the pituitary gland. From deficient TSH 

secretion, generally due to sellar lesions such as pituitary 

tumor.

• Tertiary hypothyroidism: Little TSH because there is too 

little TRH, i.e., a primary problem in the hypothalamus. 

Eg , lesions of pituitary stalk or hypothalamus.

Hyperthyroidism

• Primary hyperthyroidism: Thyroid gland is over-

functioning because of some problem other than excess 

TSH. 

• Secondary hyperthyroidism: The thyroid is hyper-

functioning because it is being overstimulated by too 

much TSH, reflecting a primary problem in the TSH-

producing organ. 

• Tertiary hyperthyroidism: There is too much TSH 

because there is too much TRH. 



Primary Hypothyroidism: Underlying Causes

• Congenital hypothyroidism

– Agenesis of thyroid

– Defective thyroid hormone biosynthesis due to enzymatic defect

• Thyroid tissue destruction as a result of

– Chronic autoimmune (Hashimoto) thyroiditis

– Radiation (usually radioactive iodine treatment for thyrotoxicosis)

– Thyroidectomy

– Other infiltrative diseases of thyroid (eg, hemochromatosis)

• Drugs with antithyroid actions (eg, lithium, iodine, iodine-containing drugs, radiographic contrast agents, interferon alpha)

• In the US, hypothyroidism is usually due to chronic autoimmune (Hashimoto) thyroiditis

Sign and symptoms of Hypothyroidism

1. Decreased T4-T3 levels
2. Low Basal metabolic rate
3. Tiredness
4. Forgetfulness/Slower Thinking
5. Moodiness/ Irritability
6. Depression
7. Inability to Concentrate
8. Thinning Hair/Hair Loss

17. Hoarseness/ Deepening of Voice
18. Persistent Dry or Sore Throat
19. Difficulty Swallowing
20. Slower Heartbeat
21. Menstrual Irregularities/ Heavy Period
22. Infertility
23. Constipation
24. Muscle Weakness/ Cramps

Disorders Characterized by Hypothyroidism

Infantile: 

Cretinism

Mental Deficiency, delayed/incomplete physical and mental development

Deafness

Motor Disorder

Short Stature

Adult: 

Myxedema: gradual changes occur.  Tiredness, lethargy, decreased metabolic rate, slowing of mental function and motor activity, cold 

intolerance, weight gain, goiter, hair loss, dry skin.  Eventually may result in coma. Accumulation of mucopolysachharides under the 

skin

Hashimoto’s Disease: Hashimoto’s Disease is due to autoimmune destruction of the thyroid

Lymphocytic Infiltration of gland leading to excess inflammation

9. Loss of Body Hair
10. Dry, Patchy Skin
11. Weight Gain
12. Cold Intolerance
13. Elevated Cholesterol
14. Family History of Thyroid Disease or Diabetes
15. Puffy Eyes, edema of face and eyelids
16. Enlarged Thyroid (Goiter)

17. Hoarseness/ Deepening of Voice
18. Persistent Dry or Sore Throat
19. Difficulty Swallowing
20. Slower Heartbeat
21. Menstrual Irregularities/ Heavy Period
22. Infertility
23. Constipation
24. Muscle Weakness/ Cramps

9. Loss of Body Hair
10. Dry, Patchy Skin
11. Weight Gain
12. Cold Intolerance
13. Elevated Cholesterol
14. Family History of Thyroid Disease or Diabetes
15. Puffy Eyes, edema of face and eyelids
16. Enlarged Thyroid (Goiter)



Sign and symptoms of Hyperthyroidism

1. Nervousness/Tremor
2. Mental Disturbances/ Irritability
3. Bulging Eyes/Unblinking Stare/ Vision Changes
4. Enlarged Thyroid (Goiter)
5. Menstrual Irregularities/ Light Period
6. Frequent Bowel Movements
7. Warm, Moist Palms
8. First-Trimester Miscarriage/Excessive Vomiting in Pregnancy

9. Hoarseness/ Deepening of Voice
10. Persistent Dry or Sore Throat/ Difficulty Swallowing
11. Palpitations/Tachycardia
12. Impaired Fertility
13. Weight Loss or Gain
14. Heat Intolerance/ Increased Sweating
15. Sudden Paralysis
16. Family History of Thyroid Disease or Diabetes

Hyperthyroidism Underlying Causes

Signs and symptoms can be caused by any disorder that results in an increase in circulation of thyroid hormone 

Toxic diffuse goiter (Graves disease)

Toxic uninodular or multinodular goiter

Painful subacute thyroiditis

Silent thyroiditis

Toxic adenoma

Iodine and iodine-containing drugs and radiographic contrast agents

Trophoblastic disease, including hydatidiform mole

Exogenous thyroid hormone ingestion

Disorders Characterized by Hyperthyroidism

Graves Disease (Toxic Diffuse Goiter)

•Graves disease is an autoimmune disorder possibly related to a defect in immune tolerance- activation of antibodies to TSH receptor

•Affects more females than males, especially in the reproductive age range

•Weight loss, tachycardia, tiredness

•Diffuse goitre - TSH stimulating growth

Chronic Autoimmune Thyroiditis (Hashimoto Thyroiditis)

Occurs when there is a severe defect in thyroid hormone synthesis 

Is a chronic inflammatory autoimmune disease characterized by antibodies destruction of the thyroid cells and follicles by T-lymphocytes

by autoantibodies against thyroglobulin, thyroperoxidase, and other thyroid tissue components

Low concentrations of thyroid hormones, high TSH

Patients present with hypothyroidism, painless goiter, and other overt signs, Lethargy, intolerance to cold, Lack of growth and development



Parafollicular cells “C” Cells secrete calcitonin (CT)

•Calcitonin, polypeptide 32 a. a. long, secreated from parafollicular

‘C’ cells of thyroid gland

•Estrogen and androgen enhance calcitonin secretion

Functions:

Bone mineral metabolism:

prevents hypercalcemia by mineralization of skeletal bone

Protect calcium loss during pregnancy, lactation and prolonged 

calcium deprivation

Calcitonin as satiety hormone:

Involves regulation of feeding and apetite

Vitamine D regulation:

Stimutale vitamin D metabolism

Parathormone (PTH) Parathormone (PTH) 

• lobed, two attached on each thyroid gland

• PTH gland are composed of two types of cells- chief cells 

which are the source of PTH, oxyphil cells of unknown 

function

• PTH is polypeptide of 84 a. a.

Functions:

Bone mineral metabolism: Stimulate osteoclastic cells activity 

leading to resorption of bone. Demineralization of bone results 

in elevated serum calcium

Renal resorption of calcium: Increase renal tubular reabsorption

of calcium

Renal excretion of phosphate: Decrease urinary phosphate level 

and elevated serum phosphate level

Intestinal absorption of calcium: enhance intestinal uptake of 

calcium from food

Control Vitamin D synthesis: stimulate vit D biosynthesis

CT

PTH

PTH

PTH

CT



Calcitonin acts to lower plasma Ca+ levels
1.  Bone mineral metabolism

• CT functions in the prevention of hypercalcemia.

• It causes absorption of Ca++ from food during meal.

• Promotes mineralization of skeletal bone via Ca++ absorption from milk 

• Protects against Ca++ loss from the skeletal during period of Ca++ stress as pregnancy, lactation and prolonged Ca++ deprivation

• High CT have been observed during gestation and lactation

2. Calcitonin as a satiety hormone

• Inhibit food intake of rats and rhesus monkey, human

• Therefore, CT is involved in regulation of feeding and appetite

3. Vitamin D regulation

• Directly stimulatels vitamin D metabolism and indirectly stimulates it by lowering plasma Ca++ levels, resulting in the release of PTH 

(which activates renal vitamin D synthesis and secretion)

Parathormone acts to raise Plasma Ca++ levels
1. Bone mineral metabolism

• Major target cell of PTH is osteoblast cell of bone marrow

• In response to PTH these cells secrete cytokines that stimulates osteoclastic activity leading to the resorption of bone

• In this way , it causes demineralization of bone results in elevated levels of Ca++

2. Renal reabsorption of Ca++

• Major physiological role of PTH is to increase renal tubular reasorption of Ca++

3. Renal excretion of Phosphate

• Injection of PTH causes rapid increase in urinary PO4 levels

• Increase renal excretion of PO4 , enhances the ionization of plasma Ca++ through a lowering of the solubility product

4. Intestinal absorption of Ca++

• PTH enhances intestinal uptake of Ca++ but this action is mediated indirectly through its effect on vitamin D metabolism

5. Control of Vitamin D synthesis

• Major role of PTH in Ca++ homeostasis is to stimulate the biosynthesis of 1,25 dihydroxyvitamin D3 from  nits precursors by the kidney

• This action of PTH are mediated indirectly through the action m of this steroid hormone



5. Other possible actions of PTH

•PTH increases the mitotic rate of red cell proginators and thymic lymphocytes

•Mitotic activity is also increased in regenerating rat liver following partial hepatectomy in response to PTHm

•Cause vasodilation in coronary and other vascular beds

•BP lowering effects of bPTH is not bolcked by a- or b-adrenergic, cholinergic or histamin blocking agents 

Vitamin D promotes Ca++ absorption in the gut and Ca++ reabsorption in the kidney
1. Intestine

• Ca++ absorption  from  the intestine is the action of Vit D

• Causes translocation of PO4 across the gut epithelium

2. Bone

• Vit D in imp for bone growth

• It also causes demineralization to provide Ca++ and PO4

• Demineralization is necessary to provide Ca++ and PO4 for accretion of new bone

3. Kidney

Vit D3 stimulates tubular reabsorption of Ca++ in the kidney

4. Other putative roles

Vit D3 receptor are present in number of tissues like skin, mammary gland, placenta, parathyroid gland, pituitary, pancrease, 

brain.

Decrease release of PTH for feedback  inhibition of parathormone secretion

Regulate PRL production from anterior pituitary

Play essential role in cellular proliferation and differentiation

Differentiation and maturation of hematopoietic stem cells, myoblast and dermal keratinocytes



•Gland with both exocrine and endocrine functions

•6-10 inch in length

•60-100 gram in weight

•Location: retro-peritoneum, 2nd lumbar vertebral level

•Extends in an oblique, transverse position

•Parts of pancreas: head, neck, body and tail
•Endodermal origin
•Develops from ventral and dorsal pancreatic buds
•Ventral bud becomes the uncinate process and inferior head of pancreas
•Dorsal bud becomes superior head, neck, body and tail
•Ventral bud duct fuses with dorsal bud duct to become mail pancreatic duct 

Histology-Exocrine Pancreas

•Develops during fifth week of gestation from two diverticula of the duodenum

•The two primordia fuse and the duct of ventral diverticula becomes the main     

..pancreatic duct leading to opening into duodenum

•2 major components – acinar cells and ducts

•Acinar cells secrete the digestive enzymes

•Endocrine pancreas consists of islets of tissue dispersed in much larger mass of 

exocrine pancreas

•It was first described by Langerhans in 1869, so called as islets of Langerhans

•There are ~1 to 2 million islets in normal human pancreas that represents only 1 – 2% 

tissue

•Four major cell types

•Alpha (A) cells secrete glucagon

•Beta (B) cells secrete insulin

•Delta (D) cells secrete somatostatin

•F cells secrete pancreatic polypeptide

•B cells are centrally located within the islet and constitute 70% of the islet mass

•PP, A, and D cells are located at the periphery of the islet

Endocrine Pancreas



•Synthesized in the B cells of the islets of Langerhans

•Isulin is a polypeptide consisting of an A and a B chain

•A chain of 21 a. a B chain of 30 a. a. long

•The two chains are linked through two disulphide bonds between the Cys residues, one at position 7 of A and B chain and another at 

position 20 of A chain at position 19 of B chain

•There is an intra chain disulphide bond in A chain between position 6 and 11

•Hormone is synthesized in the form of proinsulin where two chains are united by a connecting peptide of 31 a. a

•Proinsulin, is transported from the endoplasmic reticulum to the Golgi complex where it is packaged into granules and cleaved into insulin

and a residual connecting peptide, or C peptide by enzymatic action

Insulin

Functions 

•Enhance the uptake of glucose into the cells where it is metabolized and stored as glycogen or used as an energy substrate in the synthesis of 

protein and fats

•Within liver, insulin activates glycogen synthetase, which produces a direct flow of glucose  towards glycogen formation

•In fat cells, insulin stimulate glucose uptake that results in conversion of sugar to glycerol

•Insulin activates lipase activity in endothelial tissue that results in release of free fatty acids. These free fatty acids are transported into fat 

cell where they combine with glycerol to form tryglycerides

•Insulin stimulate active tranport of glucose and amino acids into  muscle cells for protein synthesis

•Insulin stimulate K+ uptake by cells, K+ homeostasis  

•Insulin acts as mitogen under certain developmental and physiological conditions

Major stimulants

Glucose, amino acids, glucagon, GIP, CCK, sulfonylurea compounds, β-Sympathetic fibers

Major inhibitors

somatostatin, amylin, pancreastatin, α-sympathetic fibers

Mechanism of Hormone action 

Insulin binds with receptor on cell membrane

Two pathways

First is PIP2 pathway – for metabolic signal

Second is through MAPK (mitogen activator protein kinase) – that results to cell proliferation and growth  



Glucagon

•Discovered by Kimball and Murlin

•Synthesized in the A cells of the islets of Langerhans

•It is a single chain of peptide of 29 a. a. long

•Derived from a large precursor, preprohormone that undergoes a number of post translational modifications to yield definite hormone

Functions

•Biological actions of glucagon are essentially the opposite of insulin

•Stimulate hepatic glucose synthesize and release through glycogenolytic action in well fed animals that have available stores of liver 

glycogen

•Stimulate glucose synthesis and release through gluconeogenesis under prolonged fasting, exercise or during neonatal life

•Stimulate conversion of a. a. and glycerol into glucose within liver through gluconeogenesis and glycolytic pathway

•It has lipolytic action on adipose tissues

• Major stimulants

– Aminoacids, Cholinergic fibers, β-Sympathetic fibers

• Major inhibitors

– Glucose, insulin, somatostatin, α-sympathetic fibers

Mechanism of action

Glucagon binds with receptor on cell membrane

AC is activated 

Release of cAMP that acts as second messenger

Activate proten kinase

Kinase causes phosphorylation of certain enzymes

A series of such phosphorylation takes place 

That causes cellular response that is glycogen is converted into glucose 



Somatostatin

• SST Secreted by the discrete population of D cells of the islet

• SST is tetradecapeptide containing a disulfide bond

• Derived as proprohormone

• Inhibits the release of growth hormone

• Inhibits the release of almost all peptide hormones

• Inhibits gastric, pancreatic, and biliary secretion that is control gastrointestinal function

• Function as vesceral humoral hormone that regulates the movement of nutrients from gut to the internal environment

Pancreatic Polypeptide

PP is a linear peptide of 36 a.a.

Physiological function has not clearly demonstrated

Suppress secretion of SST from gut and pancreas

PP has inhibitory  control on SST

There SST and PP control the secretory activity of each other
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