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ABSTRACT 

Objective: To compare the microscopic changes in zona fasciculata of adrenal gland of rats between control and 

chronic heat exposed groups. 

Study Design: Experimental Study  

Place and Duration of Study: This was conducted in IBMS, DUHS. Karachi from June 2010 to May 2011. 

Materials and Methods: Forty eight male wistar rats were selected for the study and divided into two groups A and 

B, each group consisted of 24 rats. Group A served as control and subdivided into three groups. Group B was taken 

as chronic heat exposed and subdivided into three groups on period of exposure (B1, B2, B3). All rats were 

acclimatized at temperature of 22 ± 2oC for two weeks. Group B exposed to 35 ± 2oC for 2 hour daily for 2 weeks, 4 

weeks and 6 weeks, and sacrificed on completion of respective period of heat exposure along with their respective 

control. After dissection the gross changes and weight of each adrenal gland was observed, gland was fixed in 

Bouin’s fluid and embedded into paraffin wax. After tissue blocks made, 5µm thick sections were obtained; sections 

were stained with Haematoxyline and Eosin stain to observe the light microscopic changes. Statistical analysis was 

done by using the software SPSS version 16, t-test, Mann Whitney, ANOVA and Kruskal Wallis were applied for 

the comparison between the group variables. 

Results: The changes in the total cortical thickness in chronic groups were shown by the P-value <0.0001.Thickness 

of zona fasiculata and changes between all chronic and their control groups showed the P-value = <0.0001; The 

other significant changes were also observed on microscopic micrometry. 

Conclusion: The significant increase in the total thickness of cortex and zona fasciculata of the gland  was seen, as 

increased seceretory vesicles were observed after chronic exposure to heat stress. After the completion of this study, 

it is suggested that more investigations should be carried out to see the genetic influences and the depth of the whole 

process.         
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INTRODUCTION 

Stress is defined as “the non-specific response of the 

body to any demand made upon it”.1 It is the integral 

part of our life in this modern era. Activation of the 

Hypothalamic-Pituitary-Adrenal axis by the stress is 

known to be the main stress system in both human and 

experimental animals.2 Stress may be acute or chronic. 

Chronic stress is state of continuous physiological 

arousal.3 

It is noticed that heat is an environmental as well as the 

occupational hazard.4 The populations at risk to the 

thermal stress are those working in the fields.5 Heat 

stress causes significant morbidity and occasionally 

mortality in certain population who are at risk including 

farmers, athletes, fire fighters, children, elderly and 

disabled population.6,7 Increasing heat in our 

surrounding is the result, of not only the destruction of 

ozone layer, but it is produced by daily usage of 

electrical home appliances and advance electrical 

technologies. The rise in surrounding temperature can 

occur due to the emission of the radiation from the 

signaling towers.8 

The HPA is the major endocrine axis to regulate the 

stress process and adaptation during the stressful 

events. Beside this neuronal connection the genetic 

factors also play very important role in the production 

and regulation of stress hormones released from adrenal 

gland after the stressful stimuli.9 Stress responses 

occurred in both sex of human as well as in rats and it is 

proven from the study that these events are genetically 

influenced by the various genes found in male and 

female rats.10 

The morphological studies on the adrenal cortex of rats 

after the application of different types of stress have 

been conducted and each study has given the different 

morphological findings. Chronic environmental stresses 

affects the morphology of adrenal gland and these 

changes were observed in cortex. In a study after the 

application of single exposure to the cold stress, 

significant reduction in the lipid content of cortex was 

observed 11, but chronic stress may affects differently 

on the morphology of adrenal gland. The study 

conducted by Pellegrini and Slodani showed that after 

the chronic exposure to the industrial noise, causes 

marked reduction in the cells of zona fasiculata.12 
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 Study conducted by Miloševic showed that, continuous 

exposure of light stress in female rats increased the 

volume and cell in the zona fasiculata.13 There are 

different overlapping mechanisms activated during 

chronic exposure that may results in increase of volume 

of zona fasciculta, while reduction in another zone. In 

the Gordienko’s study, the persistent immobilization 

stress in the rats shown the increased lysosomal 

degradation and reduction in the cell volume of zona 

fasciculata under high magnification micrometery. 14 

The stress causes increased production of cortisol 

hormone, under the influence of Adenocorticotropin 

hormone (ACTH) from the zona fasiculata, that result 

in the rise of glucocorticoid level. Increased ACTH 

secretion exerts tropic and trophic effects on the zona 

fasiculata.15 

In our study we compared the effect of chronic heat 

exposure on the morphology of adrenal gland especially 

in zona fasciculata. 

MATERIALS AND METHODS 

This was an experimental study. The experimental work 

was done in the animal house of DUHS, Karachi. The 

work was completed during the period of 10 months 

(June 2010-May 2011). The study was done on 48 male 

wistar albino rats of weight range 200gm ± 50gm. 

 The animals were divided into two large groups A and 

B, each group consisted of 24 animals. Group A and 

group B were subdivided into 3 subgroups, each 

subgroup consisted of 8 animals. Group A was taken as 

a control group consisting of A1, A2 and A3. Group B 

was experimental exposure group and further 

subdivided into B1, B2 and B3 according to the 

experimental exposure.  

All the animals were acclimatized to the temperature of 

22 OC ± 2 OC for the period of two weeks with the 

adequate supply of food and water. All the animals of 

group A were kept at same environmental condition 

during the period of experiment. Group B1, B2, and B3 

were exposed to the temperature of 35 OC ± 2OC 4, 2 

hours daily for the period of 2 weeks, 4 weeks and 

6weeks respectively. 

All animals were scarified after their respective 

exposure along with controls. The animals were 

dissected through midline thoraco-abdominal incision. 

Thoracic cavity was exposed after the dissecting the 

sternum. Both the glands were freed from the 

surrounding fat and fascia. Left Adrenal gland was 

removed, weighed immediately, fixed in Bouin’s fluid. 

5µm thick sections were made. Staining with 

hematoxylin and eosin (H&E) was then done. The 

slides were examined under microscope for 

morphological changes in the cortical zone of the 

adrenal gland especially in the zona fasiculata after 

chronic heat exposure.  

Micrometry was done by using the stage and ocular 

micrometer 16. t-test and ANOVA were applied for the 

parametric variables while Mann Whitnney and Kruskal 

Wallis were applied for the non-parametric variables to 

observe the differences between the control and 

exposed groups and also the differences between the 

different exposure groups. 

RESULTS 

The effects of experimental exposure of chronic heat 

stress in zona fasciculata of adrenal gland of rats were 

observed and compared.  

Table No 1: Total Cortical thickness of Adrenal Gland. 

Variables 

 

At Week 2 At Week 4 At Week 6 

Control  

(N = 8) 

Chronic I 

(N = 8) 
P Value 

Control 

(N = 8) 

Chronic II 

(N = 8) 
P Value 

Control  

(N = 8) 

Chronic 

III 

(N = 8) P Value 

Mean ± 

SD 

Mean ± 

SD 

Mean ± 

SD 

Mean ± 

SD 

Mean ± 

SD 

Mean ± 

SD 

Cortical 

Thickness  

of Gland 

667.58 ± 

41.83 

928.49 ± 

102.15 
<0.0001 

634.41 ± 

84.51 

938.88 ± 

66.53 
<0.0001 

656.18 ± 

50.68 

906.33 ± 

91.01 
<0.0001 

Thickness  

of Z. 

Fasiculata* 

455.33 ± 

28.33 

621.76 ± 

101.14 
<0.0001 

403.33 ± 

74.07 

648.62 ± 

81. 38 
<0.0001 

373.70 ± 

16.77 

621.99 ± 

86.50 
<0.0001 

 

Total Cortical thickness of Adrenal Gland: 

The total cortical thickness of adrenal gland of control 

was compared with the respective exposed group at the 

magnification of 4X and 10X objectives of microscope 

and 8X of ocular micrometer. 

The mean ± S.D value of total cortical thickness of 

adrenal cortex in A1 group was 667.58 ± 41.83 µm and 

in the B1 group was 928.49 ± 102.15 µm, and the P-

value < 0.0001. The mean ± S.D value of total cortical 

thickness of adrenal cortex in A2 group was 634.41 ± 

84.51 µm and in the B2 group was 938.88 ± 66.53 µm, 

and the P-value = 0.0001. The mean ± S.D value of 

total cortical thickness of adrenal cortex in A3 group 

was 656.18 ± 50.68 µm and in the B3 group was 906.33 

± 91.01 µm, and the P-value < 0.0001 as shown in 

Table No.1 and Graph No.1. In  Photomicrograph 1 and 

2 microscopic changes in the cortical thickness and 

thickness of zone are observed. 
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Mean Thickness of Z. Fasiculata 

 
            Chronic at Week 2  Chronic at Week 4      Chronic at Week 6 

Graph No. 1: Thickness of Zona Fasciculata of 

cortex 

The graph no.1 showed the difference in the thickness 

of zona fasiculata in all the chronic exposure groups 

when compared with their control. 

Mean No. of Cell in Fasiculata 

 
Graph No. 2: Number of cells in Zona Fasiculata 

(per unit area) 

The graph No. 2 showed the comparative difference 

(decreased) in the cell count per unit area per field in 

between all chronic with their control groups. 

 
Photomicrograph No.1: Photomicrograph of 5µm thick 

section of tissue stained with H & E showing 3 zones of 

cortex of albino rats at 32X (4X objective x 8X ocular) in 

control group 

Thickness of  Zona Fasciculata of cortex: 

The thickest zone of adrenal cortex is zona fasiculata, 

where the cells are arranged in parallel cords. In the 

present study marked morphological changes were 

observed in this zone in chronic heat exposed animals, 

when compared with their respective controls. 

The mean ± S.D value of thickness of zona fasciculata 

in A1 was 455.33 ± 28.33 µm and in B2 group was 

621.76 ± 101.14 µm, P-value turned out to be <0.0001. 

The mean ± S.D value of thickness of zona fasciculata 

observed in A2 was 403.33 ± 74.07 µm and in B2 

group was 648.62 ± 81.38 µm, P-value was turned out 

to be <0.0001. The mean ± S.D value of thickness of 

zona fasiculata was in A3 was 373.70 ± 16.77 µm and 

in the B3group was 621.99 ± 86.50 µm, P-value was 

turn out be <0.0001 as shown in Graph no.1 and 

Photomicrograph 1 and 2. 

 
Photomicrograph No. 2: Photomicrograph of 5µm thick 

section of tissue stained with H & E showing 3 zones of 

cortex of albino rats at magnification 32X (4X objective x 

8X ocular) in chronic group 

 
Photomicrograph No. 3: Photomicrograph of 5µm thick 

section of tissue stained with H & E showing cell 

appearance and count of zona fasiculata in the cortex of 

albino rats at 320X (40X objective x 8X ocular) in control 

group 

Number of cells in Zona Fasiculata (per unit area): 
In zona fasciculata the cells are arranged in parallel 

cords and filled with lipid droplets so as to give foamy 

appearance under microscope. In the present study the 

cell count was observed at the magnification of 40X 

with the reticule. 

The mean ± S.D value of cell count per unit area of 

zona fasiculata in A1 was 36.60 ± 2.30 and in the B1 

group was 25.20 ± 3.77. When the comparison was 
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drawn between the two groups the calculated P-value 

was <0.0001. The mean ± S.D value of cell count per 

unit area of zona fasiculata in A2 was 35.95 ± 2.98 and 

in B2 group was 21.21 ± 1.96. When the comparison 

was drawn between the two groups, the calculated P-

value was <0.0001. The mean ± S.D value of cell count 

per unit area of zona fasiculata in A3 control was 35.81 

± 4.53 and in the B3 group was 19.58 ± 2.29. When the 

comparison were drawn between the two groups the 

calculated P-value was <0.0001 as shown in Graph  

No. 2. and also compared in Photomicrograph 3 and 4. 

 
Photomicrograph No. 4: Photomicrograph of 5µm thick 

section of tissue stained with H & E showing cell 

appearance and cell counts in the zona fasiculta of cortex 

of albino rats At 320X (40X objective x 8X ocular) in 

chronic group. Arrow showed the Fat Filled Empty Cells. 

DISCUSSION 

The adrenal gland responds immediately after the stress 

stimulus, whether the stress is acute or chronic. The 

gland responded differently to various types of stressors 

and these responses are also influenced by the duration 

of stress applied.17 There are different types of stressors 

but heat is an important environmental stress. It is very 

hazardous to human life and causes many ill-health 

effects, especially for those who working in hot and 

humid climate. 

This increase in the weight of adrenal gland could be 

attributed to the continuous activation of HPA axis that 

resulted in increased synthesis of stress hormones by 

the cortical cells of adrenal gland and a corresponding 

increase in the cells size due to an increased number of 

secretory vesicles.18 The number of cells in the cortex 

was also increased, which resulted in the overall 

increase in the organ weight. These findings are also 

supported by the work done in the previous studies, 

although it was not clearly demonstrated that this was 

due to increased cell count or due to increased cell 

size.19 In future, further studies need to be done to find 

out exact mechanism of the process by expanding the 

work on cellular basis. 

The chronic heat exposure showed morphological 

changes in the adrenal gland of rats. Belonging to all 

three groups of chronic category, the mean cortical 

thickness was significantly increased in all chronic heat 

exposure groups as shown in Table no. 3 as well as in 

Photomicrograph 2. This increase was supposed to be 

due to the significant increase in the thickness of zona 

glomerulosa and zona fasciculata. As in the previous 

study of chronic stress resulted in prolonged activation 

of HPA pathway that also causes hypertrophy of this 

zone. 20 

 In the present study the increase in the cell size 

correlated to the decrease in the cell count per reticule 

per field although there was an overall increase in the 

cell number. The specific cell volume measurement is 

required at cellular level in future. At the higher 

magnification the increased number of fat droplets gave 

foamy appearance to most of the cells as shown in 

Photomicrograph 4. Fewer cells of the zona fasciculata 

were occupied by fat droplets to such an extent that the 

nuclei were pushes to the sides as in Photomicrograph 

No.4, that can be correlated to the study showing ultra 

structural changes after prolong stress. 

CONCLUSION 

It is concluded that the morphological changes in 

adrenal gland after chronic heat exposure, we observed. 

It is required that more research work is done to find 

out the genetic influences and the ultra structural 

consequences of the process. 
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