
Growth is characterized by addition of  newly 
formed protoplasmic mass to the existing cells or 

1
laying down of  new cells.  Growth is a complex 
phenomenon which is affected not only by growth 
hormone and somatomedins but also by insulin, 
thyroid hormones, androgens estrogens and 
glucocorticoids. It is also affected by genetic and 
racial factors, and adequate nutrition. It is normally 
accompanied by a sequence of  maturation changes 
and it involves protein synthesis and increase in 
length and size but not just an increase in weight. 
Which could reflect formation of  fat or retention 

2of  salt and water rather than growth.  (Figure  I). 

Fig-1: Relative growth in brain, total-body height 
(a measure of  long-bone and vertebral growth), 
and reproductive organs. Note that brain growth is 
nearly complete by age 5, whereas maximal height 
(maximal bone lengthening) and reproductive 

3
organ size are not reached until late teens.

The growth process involves cell division and net 
protein synthesis throughout the body, but a 
person, height is determined specifically by bone 
growth, particularly of  the vertebral column and 

3
legs.  Ordered, controlled growth is essential for 

4 development and maintenance of  normal human.
Growth periods:
Patterns of  growth vary from species to species. In 
humans, two periods of  rapid growth occurs, the 
first in infancy and second in late puberty. The first 
period of  accelerated growth is partly a 
continuation of  the fetal growth period the second 
growth spurt, at the time of  puberty is due to 
growth hormone, androgens and estrogens. The 

subsequent cessation of  growth is mainly due to 
closure of  epiphyses in the 18 years, after ward further 
increase in height is not possible. This growth spurt 

2occurs earlier in girls.  (Figure - II). 

Fig-2: Rate of  growth in boys and girls from birth to 
3

age 20.

During childhood, height increases 5  7.5 cm/years 
and weight increases 2 -2.5 kg/year. In females, 
puberty begins at the age of  approximately 11 years 
with breast budding followed by menarche at 13 years. 
Regular ovulatory menstrual cycles are established 2 -
3 years after menarche and linear growth ceases at age 
16 -17 years. In males, testicular size begins to increase 
at age of  12 years followed 1 year later by penis 
enlargement and increased rates of  linear growth. 
Secondary sexual  character ist ics appears 
approximately at age 14  15 years and growth ceases at 
approximately age 18 years. Impaired nutrition 
including diseases such as chronic diarrheal states, 
psychological disturbances and hormonal 
derangement are important causes of  growth failure. 
The most common endocrine deficiencies are of  

4
growth hormone, thyroid hormone and insulin.  
Growth factors may facilitate cellular uptake of  
nutrients required for hypertrophy and division of  

5 one cell into two. These growth factors include: 
epidermal growth factor (EGF), platelet derived 
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(PDGF). Fibroblast growth factor (FGF), insulin 
like growth factors (1GF) and nerve growth factor 

4
(NGF).  
Insulin like growth factor  1 (IGF1) is required for 
normal fetal total body growth and specifically for 
normal maturation of  the fetal nervous system 
during prenatal life. It appears to be placental 
lactogen, a hormone released from the placenta, 

3 
which is similar to growth hormone in structure.
Synthesis of  insulin like growth factor (IGFI) mainly 

6
occurs in the liver stimulated by growth hormone  

7and all cells of  the body express its receptors.  IGF1 

helps to incorporate sulphate into chondroitin 
8

sulphate of  epiphyseal cartilage.

Factors controlling growth:
1- Genetic and racial factors. Offsprings of  tall 
parents are usually tall. An Afghan is taller than a 

1Japanese.
2- Role of  adequate nutrition. The diet must be 
adequate not only in protein content but also in 
essential vitamins and minerals particularly in 
children and at the time of  pubertal growth. During 
infancy and childhood, malnutrition can interfere 
with both intellectual development and total body 

2growth.  A normal man requires only 20 essential 
organic compounds in addition to a source of  
calories and water. Eight amino acids, 11 vitamins 
and linoleic acid are essential. The most generalized 
deficiencies in humans are caloric malnutritcon 
( m a r a s mu s )  a n d  p r o t e i n  m a l nu t r i t i o n  
(Kwashiorkor). These deficiencies are wide spread 
in underdeveloped countries and are more common 
in elderly, chronically ill and alcoholic persons in 

4
developed countries.
Following a temporary period of  stunted growth 
due to malnutrition or illness, if  a child is given 
proper nutrition and recovery from the illness can 
manifest a remarkable growth spurt- “catchup 
growth”, that brings a child to within the range of  

3normal heights expected for his or her age.  
3. Hormonal effects. The contributions of  
hormones to growth after birth are shown in 
Figure III. Growth hormone Secreted from 
somatotropes of  anterior pituitary gland. It 
promotes growth of  many body tissues and 
stimulates cartilage and bone growth through 
somatomedins (insulin like growth factors), mainly 
somatomedinC (1GF1). It decreases glucose 
utilization for the energy but increases fat utilization 
for the energy. It promotes protein synthesis and its 
deposition in tissues and decreases catabolism of  
proteins and amino acids. There is necessity of  

insulin and carbohydrates for the growth promoting 
action of  growth hormone. Growth hormone 
stimulates secretion of  erythropoietin from kidney to 
increase erythropoiesis. The mean plasma growth 
hormone level in normal adults is 2  4 ng/ml and 5  8 

9
ng/ml in children.  There is stunted growth in children 
with deficiency of  growth hormone  or 
somatomedinC (Levi  Lorain dwarf) or due to defect in 

2
receptors (Laron dwarf).   

Fig-3: Relative importance of  hormones in huma  
2growth of  various ages.

Insulin  Secreted from βcells of  pancreatic islets. It is 
called “hormone of  energy abundance”, stores the 
excess of  energy. Insulin promotes muscle glucose 
uptake and metabolism. It promotes liver uptake, 
storage and use of  glucose. It increases fat synthesis 
and storage and also increases protein synthesis along 
with growth hormone to promote growth. It 
stimulates growth mainly during fetal life. 
Thyroid hormones (Triiodothyronine and thyroxine) 
promote growth and development of  brain during 
fetal life and for the first few years after birth. These 
stimulate almost all aspects of  carbohydrate 
metabolism leading to hyperglycemia. Thyroid 
hormones decrease plasma cholesterol, phospholipids 
and triglycerides but increase plasma free fatty acids. 
These hormones increase basal metabolic rate. These 
promote protein synthesis in physiological 
concentration and protein catabolism in excessive 
secretion Thyroid hormones are required for growth 
hormone synthesis and growth promoting effect of  
this hormone. These are essential for normal growth 

10
during childhood.  Stunted growth and mental 
retardation occurs due to thyroid deficiency during 
fetal life and infancy is called cretinism. (Figure-IV) 
Glucocorticoids are secreted by adrenal cortex. The 
main glucocorticoid is cortisol. It promotes 
gluconeogenesis and decreases glucose utilization by 
cells resulting into hyperglycemia. It increases liver and 
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Fig-4: Normal and abnormal growth. Hypothyroid 
dwarfs (cretins) retain their infantile proportions. 
Whereas dwarfs of  the constitutional type and to a 
lessor extent of  the hypopituitary type have 

2proportions characteristic of  their chrorologic ages.
Glucocorticoids are secreted by adrenal          

cortex. The main glucocorticoid is cortisol. It 
promotes gluconeogenesis and decreases glucose 
utilization by cells resulting into hyperglycemia. It 
increases liver and plasma protein synthesis but 
protein break down in extraheptic tissue leading to 
increase plasma amino acid. It causes mobilization of  

11fatty acids to increase plasma fatty acids.  
Androgens. These include adrenal androgens 
(dehydroepiandrosterone and androstenedion) and 
testosterone from Leyding cells of  testes. Androgen 
promotes protein synthesis and deposition to 

12
increases muscle mass and bone size.  
Estrogens. These are secreted form ovaries. These 
increase protein synthesis and deposition in breast, 

13
uterus, and bones.   

Department of  Physiology
Akhtar Saeed Medical & Dental College, Lahore.

www.esculapio.pk

References

1. Chaudhuri SK. Growth and old 
age.  In:  Concise Medical  
Physiology 6th edition. Delhi. 
New Central Book Agency; 
2011:316  17  

2. Barrett KE, Barman SM. Boitano 
S. Brooks HL. The pituitary 
gland. In: Ganong's Review of  
Medical Physiology. 23rd edition. 
New Delhi. Tata Mc Graw  Hill; 
2010: 385  88 

3. Wid maier EP. Raff  H. Strang 
KT. Endocrine control of  
growth. In: Vander's Human 
Physiology  12th edition. New 
York. Mc Graw Hill; 2011: 340-
44

4. Tendon OP. Tripathi Y. Kumar A. 
Mandal MB. Ravi K. venkatesh D. 
Hormonal regulation of  growth 
and development. In: Best & 
Taylor's Physiological Basis of  
Medical Practice 13th edition. 
Philadelphia. Wolters Kluwer; 

2012: 894  99 
5. Holley RW. Control of  growth of  

mammalian cells in cell culture. 
Nature 1975; 75: 1864  66 

6. Yarkar S. Rosen CJ. Beamer W G. 
Ackert  Bicknell C.L. Wu Y. Liu JL 
et al. Circulating levels of  1GF  I 
directly regulate bone growth and 
density. J Clin Invest; 2002. 
110:771  81 

7. Wang L, wang X, Adamo ML. 
two putative GATA motifs in the 
proximal exon I promoter of  rat 
insulin growth factor  1 gene 
regulates basal promoter activity. 
Endocrinology. 2000; 141: 1118  
26 

8. Denley A, cosgrove LJ, booker 
GW. Wallace JC, forbes BE. 
Molecular interactions of  the 1GF 
system. Cytokine growth factor 
review. 2005; 16: 421  39 

9. Hall JE. Pituitary hormones and 
their control by the hypothalamus. 

In: Guyton and Hall Textbook of  
Medical Physiology. 12th edition. 
New Delhi. Elsevier; 2011: 898  
904 

10. Hall JE. Thyroid metabolic 
hormones. In: Guyton and Hall 
Textbook of  Medical Physiology. 
12th edition. New Delhi. Elsevier; 
2011: 910  18 

11. H a l l  J E .  A d r e n o c o r t i c a l  
hormones. In: Guyton and Hall 
Textbook of  Medical Physiology. 
12th edition. New Delhi. Elsevier; 
2011: 928  29

12. Hall JE. Insulin, glucagon and 
diabetes mellitus. In: Guyton and 
Hall Textbook of  Medical 
Physiology. 12th edition. New 
Delhi. Elsevier; 2011: 941  44  

13. Hall JE. Reproductive and 
hormonal functions of  the male. 
In: Guyton and Hall Textbook of  
Medical Physiology. 12th edition. 
New Delhi. Elsevier; 2011: 980  82 

Esculapio - Volume 10, Issue 01, January - March 2014

3


	Page 1
	Page 2
	Page 3

