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Fig. 17.8 
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Fig. 17.13 
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Fig. 17.16 
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Fig. 17.18 

Copyright © McGraw-Hill Education. Permission required for reproduction or display. 

Hormone 
receptor 

PPi cAMP ATP 

Enzyme 
activation 

Various  
metabolic  

effects 

Protein 
synthesis 

mRNA Gene 
transcription 

DNA 

Hormone 
receptor 

Nucleus 

(b) Steroid 
hormone 

(a) Peptide 
hormone 

Membrane 
enzyme 

26 

Fig. 17.19 

Copyright © McGraw-Hill Education. Permission required for reproduction or display. 

+ 

+ 

Hormone–receptor binding 
activates a G protein. 

G protein activates adenylate cyclase. 

Adenylate cyclase produces cAMP. 

cAMP activates protein kinases. 

Protein kinases phosphorylate enzymes. 
This activates some enzymes and 
deactivates others. 

Activated enzymes catalyze metabolic 
reactions with a wide range of possible 
effects on the cell. 

Various 
metabolic 
effects 

Enzyme 
substrates 

Hormone 

G protein 

Adenylate 
cyclase 

G G 

GTP GDP 
ATP cAMP PPi 

Inactive protein 
kinase 

Activated protein 
kinase 

ACTH 
FSH 
LH 
PTH 
TSH 
Glucagon 
Calcitonin 
Catecholamines 

Inactive 
enzymes 

Activated 
enzymes 

6 

5 

4 

3 

2 

1 

Receptor 

Pi 

1 

2 

3 

4 

5 

6 

Enzyme 
products 



27 

Fig. 17.20 
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Fig. 17.22 
Copyright © McGraw-Hill Education. Permission required for reproduction or display. 

Hormone 
Receptor 

(a) Up-regulation 

Low receptor density 
Weak response 

Increased receptor density 
Increased sensitivity 

Stronger response 

Response 

Response 

High receptor density 
Strong response 

Reduced receptor density 
Reduced sensitivity 

Diminished response 

(b) Down-regulation 

30 

Fig. 17.23 

Copyright © McGraw-Hill Education. Permission required for reproduction or display. 

(b) Actions of 
     glucagon 

(a) Actions 
     of insulin 

Liver cell Blood 

Glucose Absorption 
of blood 

sugar 

Elevated 
blood 
sugar 

Glycogenesis 

Glycogen 

Glycogenolysis 

Gluconeogenesis 

Fat 

Protein 

Glucose 



31 

Fig. 17.24 
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INTEGUMENTARY SYSTEM 
Sex hormones affect skin 
pigmentation, development 
of body hair and apocrine 
glands, and subcutaneous fat  
deposition. 

SKELETAL SYSTEM 
Skeletal growth and 
maintenance are regulated 
by numerous hormones— 
calcitonin, calcitriol, 
parathyroid hormone, 
growth hormone, estrogen, 
testosterone, and others. 

MUSCULAR SYSTEM 
Growth hormone and 
testosterone stimulate 
muscular growth; insulin 
regulates glucose 
uptake by muscle, other 
hormones regulate the 
electrolyte balances 
that are important in 
muscular contraction. 

NERVOUS SYSTEM 
Hormones exert 
negative feedback inhibition 
on the hypothalamus; several 
hormones affect nervous 
system development, mood, 
and behavior; hormones 
regulate the electrolyte 
balances that are important in 
neuron function. 

CIRCULATORY SYSTEM 
Angiotensin II, aldosterone, antidiuretic 
hormone, natriuretic peptides, and other 
hormones regulate blood volume and 
pressure; erythropoietin stimulates 
RBC production; thymic hormones 
stimulate WBC production; 
thrombopoietin stimulates platelet 
production; epinephrine, thyroid 
hormone, and other hormones affect the 
rate and force of the heartbeat. 

LYMPHATIC/IMMUNE SYSTEM 
Thymic hormones activate immune cells; 
glucocorticoids suppress immunity and 
inflammation. 

RESPIRATORY SYSTEM 
Epinephrine and 
norepinephrine dilate the 
bronchioles and increase 
pulmonary airflow. 

URINARY SYSTEM 
Antidiuretic hormone regulates 
urine volume; calcitriol, 
parathyroid hormone, 
aldosterone, and natriuretic 
peptides regulate electrolyte 
absorption by the kidneys. 

DIGESTIVE SYSTEM 
Insulin and glucagon regulate 
nutrient storage and metabolism;  
enteric hormones control 
gastrointestinal secretion and 
motility; gut–brain peptides 
affect appetite and regulate food 
intake and body weight. 

REPRODUCTIVE SYSTEM 
Gonadotropins and sex steroids 
regulate sexual development, 
spermatogenesis and oogenesis, the 
ovarian and uterine cycles, sex drive, 
pregnancy, fetal development, and 
lactation. 


