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Abstract

The present investigation was conducted on the livers procured from ten recently died adult camels of
both genders. The liver was the largest gland of the animal body which had both external and internal
secretion. The capsular area of the liver showed the strong reaction for the presence of glycogen
showed the role in glucose metabolism. The hepatic lobule and sinusoidsal space observed with the
scatterd granules of glycogen. The central vein and interlobular septum showed weak Mc manus PAS
reaction for glycogen. Kupffer cells cytoplasm showed the strong positive reaction for Mc’manus PAS.
The area around the central vein and portal triad showed positive reaction for lipid in landing’s method.
The hepatocytes area was observed with the lipid particles. The mucosubstances were clearly seen in
the hepatic artery as well as in bile ductules. The biliary glands showed the intense positive reaction in
PAS-Alcian blue pH 2.5 for mucosubstances.
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Introduction

The Indian camel are single humped (Camelus dromedarius) and as a rule is less heavily
built, longer in the hind part with soft coat and comparatively thin body. The camel is
an even-toed ungulate (artiodactyla) that traverses long distances and has a great capability
of tolerating adverse environmental conditions such as high temperature, non-availability of
water and starvation for long period.

This is being probably made possible by adaptations exhibited by camel like its size and
shape, colour, tolerance of high temperature and tissue dehydration, reduction in metabolic
rate etc. (Wilson, 1989) 231,

Liver has both external and internal secretions, which are formed in the hepatic cells also
called as hepatocytes. Its external secretion, the bile, is collected after passing through the
bile capillaries by the bile ducts, which join like the twigs and branches of a tree to form two
large ducts that unite to form the hepatic duct (Klein, (2021) [l and Reece (2009) 1. The
hepatic duct joins the pancreatic duct before entering the duodenum. Bile flows constantly
and drains into the duodenum as camel lacks gall bladder. Primary function of the liver is
excretion of bilirubin, cholesterol, hormones and drugs. The endocrine secretion of the liver
hepatocytes involves synthesis of numerous plasma proteins, including albumin and the
blood-clotting factors prothrombin and fibrinogen.

Histochemical studies of the camel liver involved analyzing tissue sections for specific
chemical components to understand the liver’s structure and functions. The liver plays
important role in the glucose metabolism. It also stores fats, various vitamins, and
carbohydrates as glycogen. When the cells of the body need glucose, glycogen that is stored
in the liver is converted back into glucose and released into the blood stream. The products
of digestion, which are conveyed in the blood stream after absorption, are presented to the
hepatic cells before entering the general circulation.

The data of the present study will be valuable for understanding not just the biology of
camels but also broader principles of liver functioning and unique adaptation and
physiological mechanism for their survival in harsh environment.
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Materials and Methods

The present study was conducted on liver of ten recently
died camel which were free from any pathological condition
of liver were procured from Veterinary Clinical Complex,
RAJUVAS, Bikaner and investigated in the Department of
Veterinary Anatomy, College of Veterinary and Animal
Science, Bikaner. The collected samples were used for
histochemical study.

Histochemical studies

For this small pieces (2-3 mm size) of representative areas
of livers were collected from identical sites and fixed in
10% neutral buffered formalin or Bouin’s fluid for 24-72
hours and 18-24 hours respectively followed by overnight
washing in running tap water, dehydration in ascending
order of alcohol (50%, 70%, 90% and then Absolute
Alcohol-I, 1l & IlI), clearing in chloroform and finally
embedding in paraffin wax. Paraffin blocks were prepared,
numbered and stored at 4 °C. Five to six micron thick
sections were cut by using semi-automatic microtome then
sections were mounted of the on albumenized slides and
drying of section and then staining were done. Periodic acid-
Schiff (PAS) reaction for glycogen (Singh and Sulochana
(1997) U Landing’s method for lipids and PAS Alcian
Blue reaction for mucous substances were carried out Luna
(1968) 101,

Results and Discussion

Periodic acid-Schiff (PAS) reaction for glycogen

In present study the capsule of the liver showed moderate
PAS positive reaction (Fig. 4) which was in partial
agreement with the findings of Dhoolapa et al. (2003) B! in
donkey showed strong PAS positive reaction. Modekar et al.
(2003) ™3 in goat and Madhu et al. (2022) 1Y in nilgai
found weak PAS positive reaction at the capsular region.
The Interlobular connective tissue septum showed the
presence of glycogen in moderate amount (Figs.1 and 3)
which was not reported by the Pareek (2000) ' in Magra
sheep and Madhu et al. (2022) Y in nilgai. Weak PAS
positive reaction was seen at the portal triad (Fig. 1) also
observed by the Sethi et al. (2021) [*81 in Bakerwali goat.

In hepatic lobule all three zones showed different reaction.
From zone 1 near the interlobular connective tissue septum
there was intense reaction for the glycogen. Near central
vein at zone 3 there was moderate reaction (Figs. 1 and 3).
The zone 2 showed the weak PAS positive reaction. These
observations were in close harmony with the findings of the
Miraglia et al. (1975) 2 in monkey, Modekar et al. (2003)
[13] and Sethi et al. (2021) I8 in goat.

Hepatocytes showed the intense PAS positive reaction
throughout the parenchyma (Fig. 2). This was in close
agreement with the reports of Aziz (1984) ™M in sheep,
Modekar et al. (2003) 31 Bamaniya (2013) @ in goat,
Siddig et al. (2015) 9 in camel, Rashad et al. (2017) [ in
buffalo Singh (2019) P in pig and Sethi et al. (2021) % in
Bakerwali goat.

In present study the macrophages Kupffer cell showed
intense PAS positive reaction (Fig. 2) also noticed by
Ghumico and Miller (1981) B! in mammals, Rashad et al.
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(2017) B8l in water buffalo. However, Aziz (1984) M in
sheep found moderate reaction in Kupffer cells.

Sinusoidal space and endothelial cells both showed the
lamina of glycogen (Fig. 2) also illustrated by Kalita et al.
(2019) ® in pig and Eroschenko (2008) [ in ruminants.

Landing’s method for lipids

In present study the capsule of liver showed the weak
reaction for lipid also observed by Siddig et al. (2015) ! in
camel, Rashad et al. (2017) 18 in buffalo and Sethi et al.
(2021) 181 in Bakerwali goat.

The portal area of the tissue had moderate reaction for the
lipid presence. The lipid droplets and granular cytoplasm
was seen throughout the liver parenchyma (Fig. 5) which
was also seen by the Thakur (2020) 2 in buffalo and Sethi
et al. (2021) [*8 in Bakerwali goat.

The cytoplasm of hepatocyte showed strong reaction for the
presence of lipid in Landing’s method (Fig. 4). Around the
central veins the strong reaction was seen (Fig. 8). Zone 3
showed intense reaction and mild to moderate reaction was
visible in the zone 1 and 2 (Fig. 8) also favoured the
observation of the Siddig et al. (2015) I in camel and Sethi
et al. (2021) (8 in Bakerwali goat.

Lipid droplets were present throughout the liver lobule in
various sizes (Fig. 8) which contribute to energy storage and
metabolism. Numerous cytoplasmic vesicles were seen at
sinusoidal space of the hepatocytes (Fig. 8). At inter lobular
septum the reaction was strong for the lipid (Fig. 8) also
observed by Siddig et al. (2015) 1 in camel, Rashad et al.
(2017) I8 in buffalo and Sethi et al. (2021) 128 in Bakerwali
goat.

PAS Alcian Blue reaction for mucous substances

In present study the liver of the camel showed the moderate
reaction for presence of mucopolysaccharide at the capsular
region (Fig. 5) also reported by the Sethi et al. (2015) ¥ in
the Bakerwali goat. The biliary glands showed intense
positive reaction near the hepatic duct (Fig. 7). At central
vein area and hepatocytes there were presence of
mucosubstances (Fig. 5) which was in partial harmony with
the observation of Modekar et al. (2003) [*31 in goat seen the
moderate reaction.

At portal triad region the reaction for mucosubstances was
strong (Fig. 6). Bile duct and hepatic artery showed the
moderate reaction (Figs. 5 and 6). The tunica intima and
tunica adventitia showed the strong reaction however, tunica
media of hepatic artery showed weak reaction for
mucosubstances at PAS-Alcian Blue pH 2.5 (Fig. 6). The
bile ductule inner epithelium showed positive reaction in
PAS-Alcian blue pH 2.5 (Fig. 6).

The hilus at the visceral surface of the liver showed the
moderate reaction (Fig. 7). The inner lining of the hepatic
artery showed the intense positive reaction for the PAS-
Alcian blue stain at pH 2.5 (Fig. 6). Around the central vein
and trabeculae there were moderate reactions for the
mucosubstances (Fig. 5). Modekar et al. (2003) '3 and Sethi
et al. (2021) [*8 in goat liver observed mild positive PAS
Alcian Blue pH 2.5 reactions around central vein.
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Fig 4: Photomicrograph showing the PAS positive reaction at the

of Hepatic lobule. G-Glycogen, CV-Central vein, L-lobule, ILS- capsule and hepatic lobule of liver. Pt-Portal triad, G-Glycogen and
Interlobular septum and Z-Zone. C-Capsule.
(McManus PAS for glycogen, 100X) (McManus PAS for glycogen, 100X)

e X NIRRT P
ed

P e
.n,ﬂ i 4
“fs';.v,h

Fig 2: Photomicrograph showing the PAS positive reaction at the Fig. 5: Photomicrograph showing the positive reaction in hepatic
parenchyma of the liver. H-Hepatocyte, K-Kupffer’s cell, G- lobule of liver. C-Capsule, M-Mucosubstances and CV-Central
Glycogen and L-Lipid droplets. vein.
(McManus PAS for glycogen, 400X) (PAS-Alcian blue for Mucosubstances pH 2.5, 100X)

Fig 3: Photomicrograph showing the intense PAS positive reaction Fig 6: Photomicrograph showing the positive reaction for
near the hilus region of liver. Cv-Central vein, Pt-Portal triad, ILS- mucosubstances at the portal triad. Pv-Portal vein, M-
Inter lobular septum and Z-Zone. Mucosubstances and Bd-Bile ductule.
(McManus PAS for glycogen, 100X) (PAS-Alcian blue for Mucosubstances pH 2.5, 400X)
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Basat Tk :
Fig 7: Photomicrograph showing the positive reaction for
mucosubstances in Biliary glands. BG-Biliary glands and M-

Mucosubstances.
(PAS-Alcian blue for Mucosubstances pH 2.5, 100X)

Fig 8: Photomicrograph showing the positive reaction for lipid in
the stroma and parenchyma of liver. L-Lipid, Pt-Portal triad, S-
Sinusoids and Cv-Central vein.

(Landing’s method for lipid, 40X)

Conclusion

The histochemical study of the camel liver using PAS,
Landing’s method, and PAS-Alcian Blue staining revealed
significant findings regarding the distribution of glycogen,
lipids, and mucopolysaccharides. The liver capsule and
interlobular connective tissue displayed moderate PAS-
positive reactions for glycogen, with hepatocytes showing
strong reactions, indicating their role in glycogen storage.
Kupffer cells exhibited intense PAS positivity, reflecting
their involvement in glycogen metabolism. Lipid droplets
were observed throughout the liver, particularly around
central veins, emphasizing their contribution to energy
storage. The study also highlighted  moderate
mucopolysaccharide reactions in various liver structures,
such as the biliary glands and portal triads, supporting their
functional role in maintaining liver physiology. These
findings provide valuable insights into the biochemical
composition and functional architecture of the camel liver.
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