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			ABSTRACT

		

		
			The study is carried out on the histology and micrometrical analysis in skin of different body regions (dewlap, abdomen, scrotum / udder and thigh) of young and adult of either sex of red Sindhi cattle (Bos indicus). Skin of red Sindhi cattle showed epidermis thickness rang of 41.1-50.13 µm and dermis thickness rang of 443.97-597.05 µm in all body regions and significant (P˂0.05) in age and sex group. The epidermis possessed stratified squamous epithelium, and main cells was keratinocytes. The dermal-epidermal junction was regular with an absence of dermal papillae and epidermal ridges. Dermis layer possess dens irregular connective tissue, which consist of elastic, collagen and reticular fibers. Superficial dermal papillary layer was located beneath the epidermis, whereas dermal reticular layer deeper above the hypodermis. The papillary and reticular dermis was well developed in adult male age group with abundant areolar and dense irregular connective tissue all skin regions. Skin appendages (sebaceous and sweat gland, and hair follicle) was well developed and distributed in papillary and reticular layer in adult age group, while in young age group mainly observed at papillary dermal layer of all body regions. Sweat gland was mainly baggy-tubular shaped based on L/D ratio 7.64 to 8.3 range in all body skin regions, contain higher volume (3.2±0.1 μ 3 ×10−6 and 3.9±0.1 μ 3 ×10−6) in dewlap and thigh body region of adult age group. Whereas numbers of sweat gland / cm2 were observed more in abdomen body region of young than adult age groups and in thigh followed dewlap region of adult group than young age group.
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			INTRODUCTION

			Bos indicus, known as humped or indicus cattle, are a type of domestic cattle originating in South Asia. These cattle are characterized by a fatty hump on their shoulders, drooping ears, and a large dewlap (Khan et al., 2008), maintaining their body temperature by regulating the balance of heat gain and heat loss (Hahn, 1999). Though it has been shown that evaporative cooling by sweating is the most important mechanism for heat dissipation in an elevated temperature climate (Findly and Robertshaw, 1965; Kadzere et al., 2002), the skin microstructures play a vital role under harsh climatic condition as a temperature regulator, barrier, immune regulation etc.

			Skin is the largest organ system of the body (Dalman, 1993), consisting of epidermis which is an avascular outer layer that performs its function as a barrier to protect from harmful substances and also prevent water and other essential substance from escaping the body (Vella, 1994). Dermis or the “true skin” is thick and lies immediately underneath of the epidermis (Ebling et al., 1992; Humbert, 2017). Skin appendages derived from interaction of epidermis and dermis are characterized as protrusions out of the body surface like hair, feather, scale, etc. and other invaginate to form sebaceous gland, sweat gland, etc. (Widelitz, 1997). Sweat gland in Bos indicus characterized as baggy-shape with higher density and volume, tend to be involved in higher sweating rate and closer to the skin surface (Allen, 1962; Dowling, 1955; Schleger and Turner, 1965; Pan, 1963; Nay and Hayman, 1956). Their duct open to the skin’s surface via the hair follicle (Jenkinson and Nay, 1968; Beatty et al., 2006). Hair follicle’s higher density provides higher protection against the radiant heat gain (McDowell, 1972; Turner and Schleger, 1960).

			The original home tract of red Sindhi breed is around Karachi, including hilly areas of Mahal Kohistan of Baluchistan. This breed has been imported by many countries (Wahid, 1975) not only because of more resistant ability under harsh climatic environments but also some tropical diseases as compared to crossbreeds due to distinctive feature of loose skin coat and thickness of skin (Sajid et al., 2007). The mechanisms that elaborate its enhanced tolerance are attributed to the futuristic heat dissipation ability through the skin surface, therefore skin and coat complications are a common source of concern in animal husbandry practice. Hence, current study was designed to investigate the skin micro-structures of red Sindhi cattle in different body regions to reveal their possible relationship with thermotolerance and to help understand the skin functions.

			MATERIALS AND METHODS

			Animals

			All protocols were followed ethically and performed at the Key Laboratory of Anatomy and Histology Department, Faculty of Animal Husbandry and Veterinary Sciences, Sindh Agriculture University, Tandojam, Sindh, Pakistan. The experiment used 20 animals of red Sindhi cattle from a commercial herd located in city of Hyderabad premises, Sindh province, Pakistan. They were divided into four groups each of 5 animals namely 3-5 years old adult male (A.M), adult 3-5 years old female (A.F), young 6-18 months old male (Y.M) and young 6-18 months old female (Y.F).

			Sampling

			Skin biopsy for samples was performed in the summer, as per the technique described by Carter and Dowling and cited by Bianchini et al. (2006). Sampling was carried out by using skin puncher. Samples were collected from dewlap, abdomen, scrotum, udder and thigh body region, subsequently the skin samples were stripped of subcutaneous fat tissue using a scalpel. All skin samples were previously shaved and antiseptically performed with alcohol-iodoalcohol, and then local anesthesia was applied by infiltration.

			Histological preparations

			The samples were fixed in 10% neutral buffered formalin overnight immediately after collection, and then paraffin blocks were prepared. Sectioning was performed at 5 μm. The sections were stained with hematoxylin and eosin for light microscopic analysis using an Olympus microscope (BX53), camera (Olympus DP73, Japan) (Tarique et al., 2019).

			Micrometric analysis

			The detailed micrometric data of histo-structures, including thickness of epidermis, dermis and sweat gland were collected. For characterization of sweat gland, sweat gland shape (length and diameter ratio to determine sac-like or tubular shape), sweat gland volume (formula= π (1/2 D)2 L; where D is diameter and L is length) and sweat glands per cm2 (number of glands per mm and value squared and multiplied by 100) were determinded (Jenkinson and Nay, 1968; Nay and Hayman, 1956; Udo, 1978; Nascimento et al., 2015).

			All micrometrical collected data presented as mean ± S.E.M, were measured by using the Image Pro v10 and analyzed statistically and presented by using Origin Pro 2018. Duncan’s multiple range test was also used to detect significant differences (P<0.05).

			RESULTS

			The general histological skin structure in red sindhi cattle was similar to those reported in domestic mammals. It was found that skin of red sindhi cattle was composed of epidermis and dermis layer in all age groups of both sexes (Fig. 1). 

			 

			Skin histology of red Sindhi cattle

			Under the histological sections the skin of red sindhi cattle from young and adult male and female, the epidermis possessed stratified squamous epithelium, and main cells was keratinocytes, free of blood vessels consist of four layers arranged from outer to the inner as corneal layer, granulosum layer, spinosum layer and basal layer; this layer consisting of a row of columnar cells with elongated nuclear a dark color, while the spinosum layer consisting of several layers of polyhedral cell. The dermal-epidermal junction was regular with an absence of dermal papillae and epidermal ridges (Fig. 1). The underlying dermis layer in all skin regions of red sindhi cattle were dens irregular connective tissue, which consist of elastic, collagen and reticular fibers. It was divided into two layers: superficial papillary layer is located beneath the epidermis and reticular layer, there is no clear line of demarcation, the reticular was much thicker than papillary layer. The papillary and reticular dermis was well developed in adult age groups with abundant areolar and dense irregular connective tissue in all skin regions (Fig. 1).

			Furthermore, skin appendages (sebaceous gland, sweat gland and hair follicle) in adult age group was distributed papillary to reticular dermis in dewlap and abdomen, while in scrotum and thigh region mainly located in papillary dermis. However, in young age group, the skin appendages mostly lie in papillary dermis layer of all skin regions (Fig. 1). Sebaceous glands are located at the lower of hair follicles on both sides and drain their secretory port directly into the hair canal, whereas the sweat gland lies below sebaceous gland and directly open their duct into the skin or into the hair canal. Hair follicles are numerously present in the abdomen skin of adult age group and thigh skin region of young age group (Figs. 1 and 2).

			Comparative micrometric analysis of thickness of skin layers

			Comparison of thickness of epidermis and dermis layers in different regions of skin in shown in Figures 3, 4 and Table I. The thickness of epidermis was higher in young than adult age groups of either sexes, while thickness of dermis was higher in adult age than young age group of either sexes. The highest epidermis thickness was observed in 
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			Fig. 1. Comparative histological structure of red Sindhi cattle. Epi, epidermis; AC, areolar connective tissue; PD, papillary dermis; RD, reticular dermis; HF, hair follicle; SbG, sebaceous gland; SwG, sweat gland; DIC, dense irregular connective tissue. Scale bar = 100 µm (A-I).
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			Fig. 2. Histological structure of skin appendages of red Sindhi cattle. SbG, sebaceous gland (arrow); SwG, sweat gland (curved arrow); HF, hair follicle (arrowhead); Hc, hair canal; HRS, hair root sheath; Bv, blood vessel.

			thigh regions of all age and sex groups (Fig. 3A). Moreover, result of total dermal skin thickness indicate no obvious variations in age and sex groups (Fig. 3B). Whereas layers of dermis show that papillary dermis thickness increases with age in both male and female groups. They varied in all body skin regions of all age groups of male and female. The reticular dermal ayer increases from young to adult age group in both sexes but is of consistent thickness in all body skin regions (Fig. 3C, D).
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			Fig. 3. Thickness (µm) of skin layers in different regions of male (adult and young) and female (adult and young) red Sindhi cattle. Data presented as Mean ± SEM. A.M, adult male; A.F, adult female; Y.M, young male; Y.F, young female.
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			Fig. 4. Thickness (µm) of Total skin layer of red Sindhi cattle. A, Comparative curve lines among adult and young genders from dewlap to thigh regions. B, Box plot showing the pattern of quantitative data of adult and young genders.

			Total skin thickness in red sindhi cattle increases with age in dewlap, scrotum and udder skin region in male and female group. The total skin thickness is higher  in dewlap, abdomen and thigh region in adult male, whereas variation exists in all regions of total skin of young males and females. The total skin thickness in scrotum of male and udder of female increases with age (Fig. 4A). Box plotting was analyzed to demonstrate the quantitative pattern of all age sex group (Fig. 4B).

			Micrometric analysis of sweat gland parameters

			Table II presents the sweat gland parameters in skin regions of red sindhi cattle. Sweat gland length, diameter, L/D ratio, volume and numbers/ cm2 observed in both sexes of different age groups. The length and diameter of sweat gland showed significantly higher values in dewlap and thigh regions of adult male and female. The L/D ratio

			Table I. Thickness of skin layers in different regions of red Sindhi cattle. ANOVA interaction significantly shows P value. Mean±SEM within a row with different superscript alphabet are significantly different (P<0.01).

			
				
					
					
					
					
					
					
					
				
				
					
							
							Skin regions

						
							
							Adult male

						
							
							Adult female

						
							
							Young male

						
							
							Young female

						
							
							Range

						
							
							P value

						
					

					
							
							Dermis

						
							
					

					
							
							Dewlap

						
							
							603.2±0.8a

						
							
							552.8±1.7b

						
							
							290.7±0.9 c

						
							
							468.7±1.6 d

						
							
							290.7-603.2

						
							
							P<0.05

						
					

					
							
							Abdomen

						
							
							596.2±1.1 a

						
							
							440.2±1.5 b

						
							
							583.9±1.1 ab

						
							
							468.7±1.4 b

						
							
							440.2-583.9

						
							
							P<0.05

						
					

					
							
							Scrotum

						
							
							656.9±0.9 a

						
							
							
							547.3±1.3 bc

						
							
							
							547.3-656.9

						
							
							P<0.05

						
					

					
							
							Udder

						
							
							
							431.5±1.1 ab

						
							
							
							382.5±1.1 c

						
							
							382.5-431.5

						
							
							P<0.05

						
					

					
							
							Thigh

						
							
							531.9±1.4 a

						
							
							612.5±1.1 b

						
							
							405.5±0.7 c

						
							
							456±1.6 c

						
							
							405.5-612.5

						
							
							P<0.05

						
					

					
							
							Average

						
							
							597.05

						
							
							509.25

						
							
							456.85

						
							
							443.97

						
							
							443.97-597.05

						
					

					
							
							Epidermis

						
							
					

					
							
							Dewlap 

						
							
							39.9±0.9 a

						
							
							43.3±1.0 b

						
							
							43.7±0.7 b

						
							
							50.02±0.6 b

						
							
							39.9-50.02

						
							
							P<0.05

						
					

					
							
							Abdomen

						
							
							41.6±0.9 a

						
							
							41.6±0.7 b

						
							
							42.1±0.9 b

						
							
							48.1±0.9 b

						
							
							41.6-48.1

						
							
							P<0.05

						
					

					
							
							Scrotum

						
							
							37.9±1.1 a

						
							
							
							43.3±1.1 b

						
							
							
							37.9-43.3

						
							
							P<0.05

						
					

					
							
							Udder

						
							
							
							45.3±1.1 b

						
							
							
							51±1.0 c

						
							
							45.3-51

						
							
							P<0.05

						
					

					
							
							Thigh

						
							
							44.9±1.5 a

						
							
							44.5±0.9 a

						
							
							51±1.7 b

						
							
							51.4±1.1 c

						
							
							44.5-51.4

						
							
							P<0.05

						
					

					
							
							Average

						
							
							41.1

						
							
							43.7

						
							
							48.45

						
							
							50.13

						
							
							41.1-50.13

						
					

					
							
							Total skin thickness

							(Epidermis + Dermis)

						
							
							639

						
							
							552.95

						
							
							505.3

						
							
							494.1

						
							
							494.1-639

						
					

				
			

			Table II. Sweat gland parameters in the skin layers of red Sindhi cattle. ANOVA interaction significantly shows P value. Mean±SEM within a row with different lower-case alphabet are significantly different (P<0.01).

			
				
					
					
					
					
					
					
				
				
					
							
							Skin regions

						
							
							Adult male

						
							
							Adult female

						
							
							Young male

						
							
							Young female

						
							
							P value

						
					

					
							
							Length

						
					

					
							
							Dewlap

						
							
							136.7±13a

						
							
							127.8±6.5ab

						
							
							90.44±7.2bc

						
							
							86.36±7.7d

						
							
							P<0.01

						
					

					
							
							Abdomen

						
							
							126.5±12.4a

						
							
							119.7±4.5ab

						
							
							82.28±4.5cd

						
							
							81.6±6.5cd

						
							
							P<0.01

						
					

					
							
							Sc/Udd

						
							
							114.9±14.1a

						
							
							110.2±5.1b

						
							
							72.76±1.8c

						
							
							71.4±4.2d

						
							
							P<0.01

						
					

					
							
							Thigh

						
							
							146.9±7.2a

						
							
							140.1±8.8ab

						
							
							99.28±7.7cd

						
							
							99.28±10.6cd

						
							
							P<0.01

						
					

					
							
							Diameter

						
					

					
							
							Dewlap

						
							
							17.33 ±0.6a

						
							
							16.73 ±0.6ab

						
							
							11.53±0.5cd

						
							
							10.53±0.5cd

						
							
							P<0.01

						
					

					
							
							Abdomen

						
							
							16.52±0.6a

						
							
							15.23±0.5ab

						
							
							10.27±0.5cd

						
							
							10.1±0.5cd

						
							
							P<0.01

						
					

					
							
							Sc/Udd

						
							
							14.63±0.5a

						
							
							13.64±0.5ab

						
							
							9.4±0.6cd

						
							
							9.27±0.5cd

						
							
							P<0.01

						
					

					
							
							Thigh

						
							
							18.48±0.6a

						
							
							17.35±0.5ab

						
							
							12.1±0.5cd

						
							
							12.27±0.5cd

						
							
							P<0.01

						
					

					
							
							L/D

						
					

					
							
							Dewlap

						
							
							8.1±0.05a

						
							
							7.6±0.05b

						
							
							7.7±0.1bc

						
							
							8.1±0.05abd

						
							
							P<0.01

						
					

					
							
							Abdomen

						
							
							7.76±0.1a

						
							
							7.8±0.05a

						
							
							7.96±0.1a

						
							
							7.96±0.08a

						
							
							P>0.01

						
					

					
							
							Scrotum/Udder

						
							
							7.87±0.1a

						
							
							8.03±0.1a

						
							
							7.64±0.1a

						
							
							7.83±0.1a

						
							
							P>0.01

						
					

					
							
							Thigh

						
							
							8.3±0.1a

						
							
							8.2±0.1a

						
							
							8.1±0.05a

						
							
							8±0.02a

						
							
							P>0.01

						
					

					
							
							Volume (μ 3 ×10−6)

						
					

					
							
							Dewlap

						
							
							3.2±0.1a

						
							
							3±0.1b

						
							
							0.8±0.03c

						
							
							0.7±0.05d

						
							
							P<0.01

						
					

					
							
							Abdomen

						
							
							2.8±0.1a

						
							
							2.1±0.1b

						
							
							0.7±0.05c

						
							
							0.7±0.05d

						
							
							P<0.01

						
					

					
							
							Sc/Udd

						
							
							1.9±0.1a

						
							
							1.7±0.1b

						
							
							0.6±0.05cd

						
							
							0.4±0.08

						
							
							P<0.01

						
					

					
							
							Thigh

						
							
							3.9±0.1a

						
							
							3.3±0.1ab

						
							
							1.1±0.05cd

						
							
							1.1±0.05cd

						
							
							P<0.01

						
					

					
							
							Numbers / cm2

						
					

					
							
							Dewlap

						
							
							2265

						
							
							2011

						
							
							1285

						
							
							1428

						
							
							

						
					

					
							
							Abdomen

						
							
							1277

						
							
							1176

						
							
							917.4

						
							
							899.9

						
							
							

						
					

					
							
							Scrotum/Udder

						
							
							160.2

						
							
							597.3

						
							
							81.6

						
							
							161.6

						
							
							

						
					

					
							
							Thigh

						
							
							377.1

						
							
							343

						
							
							177.4

						
							
							174.5

						
							
							

						
					

				
			

			showed no statistically difference in all age and sex groups. The volume of sweat gland on the other hand showed statistically significant increase in all age and sex groups. The higher values were observed in dewlap and thigh skin regions. However, the numbers of sweat gland/ cm2 increased in all skin regions of both sexes but were observed more in abdomen of young age and dewlap and thigh skin regions of adult age group of red Sindhi cattle.

			DISCUSSION

				

			The histological observation in present study showed that skin of red sindhi cattle consisted of epidermis and dermis. These histoarchitecture in different body skin regions were the same as described by others (Petrishchev and Lebengarts, 1993; Shalimov and Katsy, 1989; Yang et al., 2017).  

			The epidermis thickness in red sindhi cattle was significant in age and sex groups and ranged from 41.1-50.13 µm. Similarly, in cattle (45.37 µm) (Hossain et al., 2016) and buffalo (50 µm) (Hafez et al., 1955) mean epidermal skin thickness was reported. In current study the thickest epidermis skin was noted in thigh region of all group, whereas thinnest in lower body skin regions. This variation of epidermal thickness has previously been reported in sheep and goat and suggested that epidermis thickness was highest in the skin on the back compared to lower skin regions in all age and sexes groups of both sexes (Mobini, 2012; Britt et al., 1985; Genkovski and Gerchev, 2007). Comparing sex group for epidermal thickness, female age group showed significant thickness than male age group. These results are contrary to those of native cattle of Bangladesh and in black goat (Sultan, 2012; Hossain et al., 2016). Humbert et al. (2017) reported 1mm dermal skin thickness, whereas dermal papillary and reticular layers of Jersey cattle was suggested 1.22 mm and 4.01 mm respectively. In murrah and graded murrah buffalo highest thickness of papillary layer was 1.18mm and 1.15mm, and that of reticular layer 4.91mm and 3.74mm, respectively (Muralidharan and Ramesh, 2005). Dermal skin thickness of red sindhi cattle in present study ranged between 443.97-597.05 µm and both papillary and reticular dermal layer thickness increased with age in male and female group. Above reported studies of dermal and its layers thickness were found contrary to present study. However in Sindhi cattle papillary highest thickness was 0.62 mm and reticular lower thickness was 2.63mm (Muralidharan and Ramesh, 2005). These mean and ranging values were found partially similar to the current study results; difference in values could be due to the selection of body region and of different breed. The thickness of dermis and its layers was significant in all body regions and male group showed significant thickness compared with female age group, as reported in skin thickness analysis of cow and pig (Kobayashi et al., 1999) and in cattle (Hossain et al., 2016). Male showed significant total skin thickness comparing with female group of red sindhi cattle. It is suggested that male hormone, androgen is responsible for the collagen structure and regulation in the skin (Markova et al., 2004), which indicate significant difference in thickness of male and female. 

			Sweat gland is involved in cutaneous evaporative heat loss via their baggy shape and higher volume (Allen, 1962). The classification of sweat gland shape based on L/D ratio was baggy shape (˂ 8) and tubular shape (> 8-12) (Jenkinson and Nay, 1973), thus in current study sweat gland showed 7.64 to 8.3 range of L/D ratio, and highest volume in dewlap and thigh skin region of all group. Suggesting that red Sindhi cattle possessed mainly baggy shaped sweat gland with higher volume depends upon the skin of body region. Different breeds showed bigger and varied sized of sweat gland due to great genetic mixture (Nay and Hayman, 1956; Pan, 1963), as previously reported in cattle of Asian and African breeds (8.59 and 8.36) (Jenkinson and Nay, 1973), in Sahiwal and Holstein Friesian (6.0 and 9.5) (Jian et al., 2014), and in Jersey cattle from different herds (6.16 to 7.82) (Barker and Nay, 1964). Sweat gland numbers / cm2 in dewlap and thigh skin region of red sindhi cattle was found higher compared with other body regions. Reports on sweat gland density by Volcani and Schindler (1954) and McDowell (1958) suggested that sweat glands are distributed according to the decreasing evaporation from face, neck, dewlap legs and mid-belly line. Our results showed similarity with the above suggestion and demonstrate that sweat gland numbers was more in dewlap and thigh, while lower in abdomen, scrotum and udder skin region of in all age groups of both sexes of red Sindhi cattle.

			CONCLUSION

			This may be concluded from the current study that in skin of the red Sindhi cattle, epidermis and dermis range 41.1-50.13 µm and 443.97 to 597.05 µm, respectively. Skin layers develop with age and are different in thickness in both male and female groups. Skin appendages in young cattle are mainly distributed in papillary dermis layer, while in the adults they are distributed throughout the papillary and deeper areas in reticular dermis layer. Sweat glands have baggy to tubular shape and possess higher volume in dewlap and thigh region of adult age group, while numbers /cm2 were more in the young age group.
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The study is carried out on the histology and micrometrical analysis in skin of different body regions. -
(dewlap, abdomen, scrotum / udder and thigh) of young and adult of either sex of red Sindhi cattlelOumaLp]Z/Z()lg1020141047

(Bos indicus). Skin of red Sindhi cattle showed epidermis thickness rang of 41.1-50.13 pm and dermis
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thickness rang of 443.97-597.05 pm in all body regions and significant (P<0.05) in age and sex group.iIIll‘élIlSS@),hOtHlélﬂ.COHl

The epidermis possessed stratified squamous epithelium, and main cells was keratinocytes. The dermal-()()3 0-9923/2021/0005-1609 $
epidermal junction was regular with an absence of dermal papillae and epidermal ridges. Dermis layer9 00/0

possess dens irregular connective tissue, which consist of elastic, collagen and reticular fibers. Superficial”’ . . .
dermal papillary layer was located beneath the epidermis, whereas dermal reticular layer deeper aboveC()pyrlght 2021 ZOOlOglcal SOClety
the hypodermis. The papillary and reticular dermis was well developed in adult male age group withof PakiStam

abundant areolar and dense irregular connective tissue all skin regions. Skin appendages (sebaceous and

sweat gland, and hair follicle) was well developed and distributed in papillary and reticular layer in adult

age group, while in young age group mainly observed at papillary dermal layer of all body regions. Sweat

gland was mainly baggy-tubular shaped based on L/D ratio 7.64 to 8.3 range in all body skin regions,

contain higher volume (3.2+0.1 p 3 x10-6 and 3.9+0.1 p 3 x10-6) in dewlap and thigh body region of

adult age group. Whereas numbers of sweat gland / cm? were observed more in abdomen body region of

young than adult age groups and in thigh followed dewlap region of adult group than young age group.

INTRODUCTION

Bos indicus, known as humped or indicus cattle, are
a type of domestic cattle originating in South Asia.
These cattle are characterized by a fatty hump on their
shoulders, drooping ears, and a large dewlap (Khan ef al.,
2008), maintaining their body temperature by regulating
the balance of heat gain and heat loss (Hahn, 1999). Though
it has been shown that evaporative cooling by sweating
is the most important mechanism for heat dissipation in
an elevated temperature climate (Findly and Robertshaw,
1965; Kadzere et al., 2002), the skin microstructures play
a vital role under harsh climatic condition as a temperature
regulator, barrier, immune regulation etc.

Skin is the largest organ system of the body (Dalman,
1993), consisting of epidermis which is an avascular outer
[ayer that performs its funcfion as a barrier to protect
from harmful substances and also prevent water and other
essential substance from escaping the body (Vella, 1994).

Dermis or the “true skin” is thick and lies immediately
underneath of the epidermis (Ebling ef a/., 1992; Humbert,
2017). Skin appendages derived from interaction of
epidermis and dermis are characterized as protrusions out
of the body surface like hair, feather, scale, etc. and other
invaginate to form sebaceous gland, sweat gland, etc.
(Widelitz, 1997). Sweat gland in Bos indicus characterized
as baggy-shape with higher density and volume, tend to
be involved in higher sweating rate and closer to the skin
surface (Allen, 1962; Dowling, 1955; Schleger and Turner,
1965; Pan, 1963; Nay and Hayman, 1956). Their duct
open to the skin’s surface via the hair follicle (Jenkinson
and Nay, 1968; Beatty ef al., 2006). Hair follicle’s higher
density provides higher protection against the radiant
heat gain McDowell, 1972; Turner and Schleger, 1960).

The original home tract of red Sindhi breed is
around Karachi, including hilly areas of Mahal Kohistan
of Baluchistan. This breed has been imported by many
countries (Wahid, 1975) not only because of more resistant





