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Introduction

Dromedaries are among the large mammalian species. 
They are found mostly in semi-arid and arid are-

as with long dry seasons. As well as they are significantly 
adapted for coping with water deprivation (Köhler-Rollef-
son, 1991; Kewan, 2003; Hekal, 2014). Skin is a complex 
architectural blend of tissue and it is not only the largest 
organ covering the body surface but also it plays an impor-
tant role in the adaptation of the animal to desert life and 
aiding in thermoregulation and water balance (Pfeiffer et 
al., 2006; Wilke et al., 2007; Gbolagunte, 2016).

Although the histomorphological features of the sweat 
glands have been investigated in various animal species; 
Horses (Obayes, 2016), dogs (Ogunkoya, et al., 2007; 
Aughey and Frye, 2011; Bacha and Bacha, 2012), cattle 
( Jenkinson and Nay, 1975; Nascimento et al., 2015), water 

buffaloes ( Jenkinson and Nay, 1975; Abdul-Raheem et al., 
2009), goats and sheep ( Jenkinson and Nay, 1975), cam-
els (Lee and Schmidt-Nielsen, 1962; Kamel et al., 1986; 
Alkafafy et al., 2011, Wiam et al., 2013; Gbolagunte, 2016) 
and llama (Atlee, et al., 1997), yet the histological structure 
of the sweat glands in camels was scarcely traced in the 
available literature.

The present investigation aims to study the micromorpho-
logical peculiarities of the sweat glands in correlation to its 
reliable function in camels.

Materials and methods

The skin samples used in this study were obtained from 
10 camels, of both sexes, ranging between 2 months and 
7 years old. The samples were collected from Beni-Adi 
slaughter house, Assiut province, Egypt. The samples were 
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taken from the front, neck, shoulder, back, belly, chest, 
thigh, flank and tail regions of the body.

The collected materials were fixed in 10 % neutral buff-
ered formalin and Bouin’s solution. The samples were then 
processed for embedding in paraplast blocks. Sections 
were cut (5µm) serially. The paraffin sections were stained 
by Harris’s Haematoxylin and eosin (Harris, 1900) and 
Crossmon’s trichrome stains (Crossmon, 1937).

Small samples of the skin (1-2mm) were fixed by using 
paraformaldehyde- glutraldehyde fixative (Karnovsky, 
1965). After fixation, the samples were washed in 0.1M 
phosphate buffer and osmicated in 1% Osmium tetrox-
ide in 0.1M Na-cacodylate buffer at pH 7.3. After that, 
the samples were dehydrated in a graded series of ethanol 
followed by propylene oxide, and embedded in Araldite.  
Semithin sections (1µm), were cut and stained with tolu-
idine blue.

All presented micrographs are labelled as the magnifica-
tion with microscope before photographic enlarging.

Results

The sweat glands in camels are of the simple tubular ex-
ocrine variety. They are large glands which always secrete 
into an adjacent primary hair follicle; epitrichial sweat 
glands (Figure 1).

The glands are composed of two portions; namely, the se-
cretory portion and the excretory duct.

The secretory portion (adenomeres) of the gland, being of 
the coiled, tubular type with a widely dilated lumen, is lo-
cated in the dermis at a level one fold deeper than that of 
the hair papillae (Figure 1). The secretory portion is lined 
by high cuboidal or columnar cells. The apical portion of 
some cells bears a budding appearance (cytoplasmic bleb-
bing). The cytoplasm presents numerous basophilic gran-
ules at the apical portion of the cells (Figure 2). The nu-
cleus is rounded or oval and centrally located. The glands 
have a discontinuous layer of myoepithelial cells between 
the secretory cells and the basement membrane (Figure 2).

The secretory end-piece leads suddenly to a distinctively 
narrow excretory duct reaching 1:4 the diameter of that 
of the secretory portion (Figure 1 and 3A- B). The ducts, 
pursuing a slightly wavy pattern run parallel to the neigh-
bouring hair follicle in their way to open into the bottom 
of a peculiar destination device. The latter device is found 
at the outer most portion of the accompanying primary 
hair follicle in the vicinity of the epidermis. The ducts may
open onto the surface of the skin in an interfollicular loca-
tion (atrichial sweat gland) by a similar pattern. The excre-

Figure 1: An epitrichial sweat gland at the thigh region 
of seven years-old camel , consisting of two portions: the 
secretory portion (S) and the excretory duct (D) opening 
into the primary hair follicle in the nearby of the epidermis. 
Dilated destination device (Dd), primary hair (H). H&E, 
X100.

Figure 2: The secretory end-pieces of the epitrichial 
sweat glands at the thigh region of 6 years-old camel, 
showing numerous basophilic granules at the apical 
portion of the cells. Some cells bear a budding appearance 
(Cytoplasmic blebbing, arrows) apically. Myoepithelial 
cells (Arrowheads). Toluidine blue, X400.

tory duct being lined by two layers of cuboidal epithelium, 
receives a conical jacket of stratified epithelium towards 
its way to open into the neighbouring primary hair follicle 
(Figure 3C-D). The terminal portion of the duct, reach-
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ing the apex of the destination device, runs further inwards 
forming nozzle-shaped extension which projects into the 
bottom of the destination device (Figure 4, 5 and 6A- B). 
The tubular terminal portion of the duct is composed of 
3-6 flattened or cuboidal cells-long pipe (Figure 6A- B).

Figure 3(A-D): 3A, The secretory portion of the epitrichial 
sweat gland at the belly region of 6   months-old camel, 
showing the commencement of the excretory duct (D), 
secretory portion (S). Toluidine blue, X160. Inset: The 
excretory duct at the thigh region of 6 years-old camel, 
showing a wavy pattern in their way to open into a primary 
hair follicle. Toluidine blue, X250. 3B, The transition 
between the secretory portion (S) and the excretory duct 
(D) at the neck region, of 3 years-old camel. Toluidine 
blue X160. 3C, The excretory duct of the epitrichial sweat 
gland at the shoulder region, towards its opening into the 
primary hair follicle (upwards), Ap= Arrector pili muscle. 
Toluidine blue, X160. 3D, The excretory duct (arrow), 
receiving a conical jacket of stratified epithelium, in its way 
to open into the apex of the destination device, sebaceous 
gland (Sg). Toluidine blue, X 250.

The destination device is represented by a dilatation of var-
ious shapes. It may be oval-, flask-, triangular- or round-
ed-shaped (Figure 6A- B). It joins the hair follicle by its 
base “mouth” at a level higher than that of the sebaceous 
gland. It receives the terminal portion of the excretory 
duct at its apex. The destination device is lined by cornified 
stratified epithelium, consisting of 5-7 layers in thickness 

(Figure 4 and 6A- B). The basal layer is composed of one 
row of cuboidal cells showing numerous melanin pigments 
within their cytoplasm. The middle layer is composed of 
about 5 rows of large polyhedral cells which increase in 
size towards the surface where the largest cells are demon-
strated. The cytoplasm is peculiarly pale harbouring large, 
rounded, central, vesicular nucleus. The cells of the middle 
layer present fewer amount of intracytoplasmic melanin. 

Figure 4: Cross section of the hair follicle at the level 
of the dilated destination device, at the thigh region, of 
six years-old camel, showing the nozzle-shaped terminal 
portion of the excretory duct (arrow) and the opening of 
this device into a neighbouring hair follicle (*). Notice 
the histomorphological differences between the epithelial 
lining of the hair follicle and that of the dilated device. 
Primary hair (H), Toluidine blue, X250.

Figure 5: Tangential section of the destination dilated 
device, showing the peculiar cellular elements of the lining 
epithelium, at the thigh region of six years-old camel. 
Excretory duct (arrow), Toluidine blue, X250.

The superficial layer is formed of several layers of keratiniz-
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Figure 6 (A & B): The terminal portion of the excretory duct (D) opening into an oval or rounded-shaped dilated 
destination device (Dd) at the outer most portion of a primary hair follicle (epitrichial sweat gland “A”) or emptying on 
to the skin surface in an interfollicular location (atrichial sweat gland “B”). Notice the terminal portion of excretory duct 
(arrow) projecting into the lumen of the dilated destination device. Toluidine blue, X250.

ed material which fills the lumen and condenses at the 
aperture of the device into the primary hair follicle and 
or the surface of the skin. The flask-shaped dilatations are 
surrounded with a highly vascular connective tissue.

Discussion

Although the structure of the sweat glands in one-humped 
camels resemble coarsely that of other animal species, yet 
they are uniquely characterized by special features which 
fit the organ to correlated functions required to adapt the 
arid climatic conditions, where the camel lives and raises.

The presence of the sweat glands into the deeper layers of 
the dermis of the camel in addition to the coiled nature of 
its secretory end-pieces indicates a pattern which reflects 
the role of these glands in regulation of body temperature. 
Sweating increases heat loss. Vaporization of water on the 
skin and mucous membranes of the mouth and respiratory 
passages is considered as a major process for transferring 
heat from the body. Vaporization of 1g of water removes 
about 0.6 Kcal of heat. When sweat secretion is increased, 
the degree to which the sweat vaporises depends upon the 
humidity of the environment (Ganong, 1983). The latter 
author added that the body heat lost by vaporization of 
sweat reaches a percentage of 27% at 21ºC. Burr (Burr, 
1993) reported that sweat evaporation depends upon the 
difference between the vapor pressure of sweat on the skin 
and that of water in the air adjacent to the skin.

Based on scientific mechanical hypothesis, the terminal 
portions of the excretory ducts are structurally oriented 
in such a way as to impart the architectural characteris-
tics which serve to retain a more or less definite quantity 
of secretory fluid within the dilated destination devices. 
The temperature of this retained quantity of secretion is 
controlled by blood circulating within the plentiful blood 
vascular elements surrounding the before-mentioned dil-
atations.

In addition, the retained secretory fluid into the dilatation 
devices supported by the several layer of keratinized mate-
rial, which fills the lumen and condenses at the aperture of 
the device, provided a humid medium which acts to influ-
ence further flow of secretion from the secretory end-piec-
es. A phenomenon which is substantially supported the 
obviously narrow lumen of the excretory duct. The unique 
structure of the stratum corneum of the skin contributes 
to its function as a barrier to water loss and external harsh 
environment (Marino, 2006).

Moreover, the architectural structure of the terminal por-
tion of the excretory duct and its mode of connection to 
the bottom of the destination device may service as a mode 
of valve system. A matter which is achieved by exerting 
pressure on the “nozzle”  portion of the excretory duct by 
the collected secretory fluid, leading to its closure, present-
ing a mode of control on the flow of the secretory fluid.
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Conclusion

The structural orientation of the terminal portion of the 
excretory duct of the sweat glands of camels play an im-
portant role in acclimatization of camels to harsh environ-
mental condition by retaining more or less definite quanti-
ty of secretory fluid within the dilated destination devices.
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