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ABSTRACT: 
The histometry of the adrenal glands of the dromedary camel (Camelusdromedarius) was 

described for the first time in this study. Histological samples of the camel right and left adrenal 

glands collected from eight adult camels of both sexes at AL-Salam abattoir, Khartoum, Sudan 

were used in this study. Histometric measurements were performed on glandular capsule (Ca), 

cortical zones {zona glomerulosa (ZG), zona fasciculata (ZF), zona reticularis (ZR)} and 

glandular medulla (M). The right ZF which measured about 58.5% of the total cortical thickness 

was significantly thicker (P< 0.05) than the right ZG (18.2%) and right ZR (23.3%), whereas the 

right ZG and ZR were approximately equal in thickness. The right cortex (RCo)   which formed 

56.4% of the total glandular thickness was significantly thicker (P< 0.05) than the right medulla 

(RM) that measured 43.6 %. The left ZF (61.9% of the total cortical thickness) was significantly 

thicker than the left ZG and left ZR (16. 5% and 21.6%, respectively).The mean thickness of the 

left cortex (LCo) that formed 58.0 % of the total glandular thickness was significantly increased 

compared to the left medulla (LM) (41.9 %). Comparing the right gland with the left showed that 

the mean thickness of the right capsule (RCa) was in-significantly increased (P ˃ 0.05 than the 

left capsule (LCa); in-significant increase (P ˃ 0.05) was also observed in the mean thickness of 

the RCo compared to that of the LCo; the mean thickness of the RM was in-significantly 

increased compared to the LM. Furthermore, there was significant increase in the mean thickness 

of the RZG compared to the LZG and significant increase in the RZR than the LZR; however, an 

in-significant increase was shown in the RZF in comparison with LZF; additionally, the mean 

thickness of the RZF and LZF was greater than other two cortical layers. In conclusion, the ZF 

was the thickest zona in the cortex of camel adrenal gland and the ZG was the thinnest in both 

right and left glands; further, the cortex was generally thicker than the medulla in either side and 

the glandular capsule, cortical zones and medulla of the right adrenal glands are collectively 

thicker than those in the left one. 
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Introduction: 

The adrenal glands are complex 

endocrine organs regulating multiple 

physiological processes, such as metabolism, 

stress response, immune functions and the 

cardio-vascular system (Bielohuby et al., 2007; 

Kigata and Shibata, 2018). 

Animals typically possess two adrenal 

glands, right and left, each of which located 

cranio- medial to the corresponding kidney 

(Dyce et al., 1996; Hussain and Qureshi, 2007; 

Dangi et al., 2008; Karakurum etal., 2008; 

Chima and Blessing, 2009; Akers and 

Denbow,2013; Mescher, 2013; KÖnig and 

Liebich, 2014; Barszcz et al., 2016;  

Olukoleetal.,2016;  Abass, 2017). Abdalla and 

Ali (1988) and Nabipour et al. (2008) noted that 

the adrenal glands of the camel varied in shapes, 

colors and positions. 

The architecture of the adrenal gland has 

been reported to be similar in animals and 

human (Bacha and Bacha, 2000; Monfared et 

al., 2013; Obike et 

al.,2014;Sheikhianetal.,2014;Barszczet al., 

2016;  Olukole et al., 2016; Ross and 

Pawlina,2016; Santosa et al., 2016;Abass, 

2017). It was covered by a connective tissue 

capsule and divided into outer cortex, which 

consists of three histological zones; ZG, ZF and 

ZR, and inner Medulla (Jelinek and Konecny, 

2011;Parchami, and Dehkordi, 2011; 

Kumar,2013; Mescher, 2013;Obikeet 

al.,2014;Olukoleetal., 2016; Santosa et al., 

2016; Abass, 2017) and similarly in the 

dromedary camel (Ali, 1987; Nabipour et al., 

2008; Ibraheem et al., 2011). In Bactrian camel 

the cortex was divided into four zones; ZG, zona 

intermedia (ZI), ZF and ZR (Ye et al., 2017). 

Histometric studies on the thickness of different 

adreno-cortical zones  have been carried out in 

rat (EL-Sayed et al., 1990; Monfared, 2013; 

Monfaredet al., 2013), sows  (Opaɫka et al., 

2001), human (Hui et al., 2009),  rabbits 

(Parchami, and Dehkordi, 2011), goat (Qureshi 

et al., 2013), pig and hamster (Sheikhian et 

al.,2014) andbacterian camel (Ye etal., 

2017).However, there was a lack of information 

on the histometry of the adrenal glands of 

dromedary camel. The present study, therefore, 

was conducted to investigate the histometry of 

the adrenal glands of dromedary camel. 

Material and Methods: 

Sixteen adrenal glands (8 from either side) were 

used in this study. The glands were obtained 

from apparently healthy adult camels 

slaughtered at AL-Salam abattoir in Khartoum, 

Sudan. Small tissue slices were taken from the 

capsule, cortical zones, and medulla of each 

adrenal gland. Tissue samples were then fixed in 

10% neutral buffered formalin and processed for 

routine histology and cut (3 to 5 µm) in a rotary 

manual microtome (LEICA RM 2125RT).The 

specimens were then stained with heamatoxylin 

and eosin(Culling, 1974). For histometric 

investigations the sections were selected on the 

basis of technical quality (Weibel, 1963), the 

selected sections were used to determine the 

thickness of Ca, cortical zones, ZG, ZF and ZR 

and M(Fig. 1, 2, 3 and 4).Light microscope 

(Olympus BX51-Japan) equipped with the 

objective lenses X4 and X10 and connected to a 

digital camera (Olympus DP20-Japan) was used. 

The measurements were taken according to the 

guidelines given by (Thienport et al., 



Journal of Camel Research and Production 

 

Journal of Camel Research and Production 

Journal homepage:  

http:// journals.sustech.edu  

 
[Type text] 

 

36 
Journal of Camel Research and Production                                                    Vol. 2  No.1 )2018) 
ISSN (Print): 1858-8255                                                                               e-ISSN (Online): 1858-8263 

 

1986).Three measurements of each part of the 

adrenal gland were recorded and the averages 

for each were calculated. Then the averages for 

three slides were calculated. The data were 

statistically analyzed using ANOVA test for ZG, 

ZF and ZR; t-test for right and left Ca, Co and M 

using SPSS software (version21).The 

differences were considered statistically 

significant at P< 0.05. 

 
 

Figs. 1-4 showing the histometric measurements of the capsule, cortical zones and medulla on H&E Stained 

microphotographs; Fig.1: Measurements of the capsule (Ca) and zona glomerulosa (ZG); Fig.2: Measurements of the zona 

fascicula (ZF); Fig.3: Measurements of the zona reticularis (ZR); Fig.4: Measurements of the medulla (M). 
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Results: 

The histometric measurements of the right and 

left adrenal gland are shown in tables 1-6 and 

text figures 1-6.  

Thickness of the right adrenal gland layers: 

The mean thickness measurements of the right 

adrenal cortical zones were as follows: RZG 

was 0.613 ± 0.421mm, RZF was 1.94± 

1.425mmand RZR was 0.787 ± 0.553 mm. The 

statistical analysis showed that RZF was 

significantly thicker than RZG and RZR (P< 

0.05). On the other hand RZG and RZR were 

approximately equal in thickness. The mean 

thickness of the RZG constituted 18.2% of the 

total cortical thickness, RZF was58.5% and 

RZR was 23.3%. 

The RCo (3.28 ± 2,616 mm)was significantly 

thicker than the RM(2.924 ± 1.497 mm) (P< 

0.05).The RCo formed 56.4% of the total gland 

thickness, while RM constituted 43.6 %. 

Thickness of the left adrenal gland layers: 

The mean thickness measurements of the left 

adrenal cortical zones were as follows: the LZG 

was 0.312 ±0.5 mm, the LZF was 1.847± 1.293 

mm and the LZR was 0.635 ±0.493 mm .There 

were significant differences in the mean 

thickness of the cortical zones (P< 0.05). The 

mean thickness of the LZF was greater than the 

other two cortical layers. The LZG and LZR 

were approximately equally in thickness. The 

mean thickness of the LZG constituted 16. 5% 

of the total cortical thickness, the LZF was 

61.9% and the LZR was 21.6%. 

The mean thickness of the LCo was 2.959 ± 

2.134 mm while the mean thickness of the LM 

was 2.304 ± 1.265mm which showed 

significant differences (P< 0.05) .The mean 

thickness of the LCo was greater than the mean 

thickness of the LM. 

The mean thickness of the LCo formed 58.0 % 

of the total glandular thickness, while the mean 

thickness of the LM was 41.9 %. 

Comparison between the thickness of the 

layers of the right and the left adrenal 

glands: 

The mean thickness of the RCa was 0.281± 

0.242 mm, whereas the mean thickness of the 

LCa was 0.275 ± 0.238 mm which showed in-

significant differences (P ˃ 0.05). The 

correlation between the mean thickness showed 

that the mean thickness of the RCa was greater 

than the LCa . 

There was in-significant increase (P ˃ 0.05) in 

the mean thickness of the RCo compared to 

that of the LCo. 

The mean thickness of the RM was in-

significantly increased (P ˃ 0.05) compared to 

the thickness of the LM. 

The statistical analysis showed a significant 

increase in the mean thickness of the RZG 

compared to the LZG (P< 0.05) and significant 

increase between RZR compared to the 

LZR(P< 0.05);however, there was in-

significant increase(P ˃ 0.05) in the RZF in 

comparison with LZF and the mean thickness 

of the RZF and LZF was greater than other two 

cortical layers.  
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Table 1: Showing the mean thickness (mm) of 

The cortical zones of the camel right adrenal gland 

 

 

 

 

 

 

Table 2: Showing the mean thickness (mm) Of the cortex (Co) 

and medulla (M) of the camel right adrenal gland 
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Table 3:Showing the mean thickness (mm) of 

the cortical zones of the camel left adrenal gland 
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Table 4:S howing the mean thickness (mm) of the cortex 

(LCo) and medulla(LM)of the camel left adrenal gland 
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Table 5 : Showing the mean thickness (mm) of the capsule(Ca), cortex ( Co) and medulla(M) of 

the camel right and left adrenal glands 
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Table 6: Showing the mean thickness (mm) of the cortical 

zones of the camel right and left  adrenal glands 
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Discussion:  

According to the literature reviewed 

the current investigation is the first report 

regarding the adrenal gland histometry in 

dromedary camels. 

The dromedary camels in the present 

study have paired adrenal glands (right and 

left), each lying cranio-medial to the 

corresponding pole of the kidney. This has 

also been reported in other animals as claimed 

byDyce et al. (1996), Hussain and Qureshi 

(2007), Dangi et al.(2008),  Chima and 

Blessing , (2009), Florina et al.(2010), 

Mescher (2013); KÖnig and Liebich (2014); 

Barszcz et al. (2016); Olukole et al. (2016); 

Santosa et al.(2016) ; Abass (2017). Nabipour 

et al. (2008) noted that the adrenal glands of 

the dromedary camel were situated near the 

pole of the kidneys. 

Histologically, the mammalian adrenal gland 

was composed of two distinct layers which 

were cortex and medulla and covered by a 

connective tissue capsule; the cortex consisted 

of three histological zones named as ; ZG,  ZF 

and ZR (Bacha and Bacha, 2000; Opaɫka et 

al., 2001; Chima and Blessing, 2009; Florina 

et al., 2010; Jelinek and Konecny, 2011; 

Parchami  and Dehkordi, 2011;  Mescher, 

2013;  Monfared et al., 2013; Obike et al., 

2014; Sheikhian et al., 2014; Barszczet al., 

2016;  Ross and Pawlina, 2016;  Santosa et 

al., 2016; Olukole et al., 2016;  Abass, 

2017).The present results  showed that the 

adrenal gland as in the other mammalian 

species was covered by a thick connective 

tissue capsule  and divided into outer cortex 

which was subdivided into three zones; ZG,  

ZF and ZR  and inner medulla. This also 
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confirmed the findings of Ali (1987), 

Nabipour et al. (2008) and Ibraheem et al. 

(2011) in the dromedary camel. 

The present results showed that there 

was in-significant increase in the right 

glandular capsule than that in the left capsule 

(LCa). In Bactrian camels the mean thickness 

of the capsule was found to be greater than 

that in the dromedary camel (Ye et al., 2017). 

 The current investigation shows that 

there was significant increase in the mean 

thickness of the RZG compared to the LZG 

and significant increase in the RZR compared 

to the LZR; also in the present study, an in-

significant increase was observed in the RZF 

compared to the LZF and the mean thickness 

of the RZF and LZF was greater than other 

two cortical layers. Earlier reports has shown 

that the ZF in right and left adrenal glands was 

thicker than the other two cortical zones in 

both R and L adrenal glands in the goats 

(Qureshi et al. 2013), rat (Akers and Denbow, 

2013;Monfared, 2013; Olukoleet al., 2016), 

mice (Monfared et al., 2013), guinea pig and 

hamster (Sheikhian et al., 2014)and Bactrian 

camel (Ye et al., 2017). It has been found that 

the mammalian adrenal gland ZG was thicker 

than the ZR (Qureshi et al., 2013, Akers and 

Denbow (2013), Monfared (2013) and Olukole 

et al. (2016), in rat, Monfared et al. (2013) in 

mice, and Ye et al. (2017) in Bactrian camel. 

However, in the present findings the ZR was 

thicker than the ZG in right and left adrenal 

glands. 

In the current results there was in-

significant increase in the mean thickness of 

the RCo compared to that in the LCo and the 

mean thickness of the RM was in-significantly 

increased compared to the thickness of the 

LM. Similarly, Sheikhian et al.(2014) stated 

that the mean thickness of the Co was greater 

than that in the M of both sides R and L of the 

glands in guinea pig and hamster. However, 

Stacey (2007) reported that the M was thicker 

than the Co in human. 

Conclusion 

In conclusion, the present study 

showed that the ZF was the thickest zona in 

the cortex of camel adrenal gland followed by 

the ZR, and the ZG was the thinnest in both 

right and left glands; the cortex was generally 

thicker than the medulla in either side. 

Moreover, the glandular capsule, cortical 

zones and medulla of the right adrenal glands 

are collectively thicker than those in the left 

one. 
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