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FIG.(13) : Goblet cells distributed in the large intestinal rnucosa. H&E.

x400).

FIG.(14) :  Goblet cells rich with PAS+ve matenals in the large

intestine. PAS, x400.

FIG.(15) : Cloacal mucosa with more goblet cells. H&E, x400.

FIG.(16) : PAS-ve reaction in the goblet cells of the cloaca. PAS. x400.
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DISCUS

0]

ION

Vipers usually feed on small vertebrates like rats. mice, lizards and lcss
often on frogs and birds swallowed as whole. Since viper snakes cannot
tear their prey apart, they have highly effective chemical digestion
mecchanism depending on the high proteolytic enzyme content in their
venom secreted by the moditied salivary glands. Snakes are also provided
by an effective mechanical digestion mechanism which begins outside the
body. Biting the prey and injecting saliva inside not only paralyzes or
leads the prey to die, but also it may be considered as a trial for preparing
the prey to be digested. Strong contractions of the body muscles integrate
the process and help in pushing the prey toward the following digestive
organs which are generally ot less developed musculature (Grizmek
1979).

Both highly advanced chemical and mechanical aspects of the digestion
mechanism of snakes are not enough to overcome the absence of the
tearing, crushing or chewing organs. So. the wholly swallowed preys with
their extra rough bodied and appendages should be lubricated well to
lacilitate the glinding ot the prey into the GIT. This begins in the mouth
cavity by the highly mucous saliva ot the unmodified salivary glands and
aided partly by the body muscle contractions (Cobom, 1994). Building on
these snake characteristics, we can make a trial to confirm the histological
structure and the distribution ot PAS-positive materials in the GIT of
Ceresies vipera.

The ocsophageal longitudinal folds and submucosal smooth muscles

may help m a maximum degree ot distension during swallowing of the
prey as stated by Coborn (1994). We also attribute the presence of the
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longitudinal supporting elastic cartilages, the mner circular and the outer
longitudimal smooth muscles most probably to support the distended wall
of the ocsophagus against tearing. Swallowing of the prey is effectively
aided by the contractions of the neck and the body (Coborn, 1994). The
high vascularity of the submucosa and scrosa provides an adequate
amount ol blood carrying oxygen and nutrients for energy production to
help o pushing the prey o the stomach. The ciliated lining columnar
cells may help partly in completion ol this process. the distinet lamina
propria provides the encrgy requirements lor these ciliated cells and also
for the goblet cells to scerete muco-substances which are also very
important to lubricate the outer surface of the prey’s body.

'he high PAS-positive neutral mucopolysaccharides i the goblet cclls
in the wall of the ocsophagus agree with Suganuma etal. (1981). It may
protect the mternal oesophageal wall against the eftect ol the protedolytic
cnzymes secreted with saliva. Other goblet cells stained lesser may be
duc o acid mucosubstances which assure the rapid swallowing of the
prey as lubricants during feeding (Gabe, 1971).

The stomach is histologically fitted to be mam complementary digestive
organ: The gastric wall which is provided by poor circular muscles and
relavvely developed longitudimal pattern may help in pushing the prey
downward since the prey was already churned by the ocsophagus and
body muscles (Coborn. 1994). The lining cells and the basal gastric gland
may sccrete digestive enzymes and HCT to digest bones of the prey and
the soft parts n an agreement with Coborn. (1994,

The neutral mucins seereted by both the PAS-positve lining columnar
cells and the gastric mucous glands mainly protect the gastric wall against
the higher concentration of the proteolytic enzymes and HCT in the gastric
Juice. The PAS-negative basal gastric giands may secret enzyvmes and

actd mucines as lubricant.
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However, the small intestine is provided only by thin circular smooth
muscle, this may be attributed to the squeezing contraction mechanism of
the small intestinal wall to facilitate the beginning of absorption which
confirm the basic snake pattern and not only in viperidae (Reis and
L.yons, 1943). The columnar cells lining the small intestinal mucosa are
also attributed to the same review and they are mainly absorptive cells.

The high centent ef the PAS-positive materal 1s partly attnbuted to
protect the internal lumen of the small intestine trom the Iytic etfect of
the gastric juice containing HCT. On the other hand, it may also insure the
role of such organin absorption as stated by Bishai, (1960) and Al.-
Nasser, (1976).

Meanwhile, large intestine muscle layer 1s thin as the squeezing
movement becomes less. But. the goblet cells anse among the columnar
brush-border cells which is contfirmed with Bishai, (1960) as the main
water absorptive organ of reptiles and to our opinion especially in snakes.

Lacking of PAS-positive material in the large intestinal mucosa may be
explained as the digestive juice 1s altered to be diluted and so the thin
layer of mucins lining the brush-borders and sccreted by the scattered
goblet cells provides enough  protection in this stage. This may also
attributed to Bishai, (1960) since these mucosubstances initiate the water
absorption in the large intestine.

In the cloaca, at which urinary and genital system also ends, the main
tunction of the cloaca 1s to compress the fecal matter into solid pellets
and store it until detecation (Cobom. 1994). This may agrec with the
present findings since the circular smooth muscles are close to the
mucosa and there is no submucosa to increase the ability ot compression
ot tecal pellets.
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The thin PAS- positive material extends to the cloaca lining from the
large intestine 1s to protect and insure water reabsorption. But is more
clear that goblet cells in the cloacal mucosa are more promment and
interesting that they are PAS-negative. so this may attributed to
Thiruvathukal and Kuriakosa. (1963) as these mucms act as good
lubricant to assurc the solid pellets of facces.

In conclusion, both the histological structure and the distribution of the
PAS-positive materials appear functionally fitting and the sutticient tor
the viper snakes pattern of fecding with special reference to Ceresies
vipera.
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HISTOLOGICAL AND PAS- REACTION STUDIES
IN THE LIVER AND KIDNEY OF THE SNAKE
CERESTES VIPERA (OPHIDIA | VIPERIDAE)

ABSTRACT

The histological structure of both liver and kidney in the snake Ceresres
vipera has been studied in this work. Liver appeared as a mass ol
hepatocytes without lobulation. Liver cclls appeared polygonal in shape
and arranged in either two cells thick or wrregularly distributed around
sinusoids and capillaries. PAS+ ve materials were reported on  the
boundary liver cells and moderately around the hepatic veins. Kidney
showed neither cortex nor medulla. the glomerulus and the renal
corpuscle were small and structurally poor. The proximal and distal
tubules are 1deally reptilian but the intermediate tubules were {found to be
modified. The relation between the structure of liver and kidney and their

role in the metabolic activities ot C. v/pera was also discussed.
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INTRODUCTION

Although the basic and the functional mechanisms of both liver | in
digestion, and kidney m excretion arc now well understood m higher
vertebrates with special interest to mammals. these investigations are
often rare n lower vertebrates specially in reptiles. Snakes represent a
group of reptiles at which its bioactivities are almost still not so clear
except on the level of venom-related studies.

The non-homed snake, Cerestes vipera was tirstly recorded in Qatar by
Al-Thani (1998) and the tunctional histology and the distribution of the
PAS-positive materials in the digestive tract of the snake were discussed.
The relation between the feeding mechanisms in one side and both the
histological s tructure and P AS-positive materials on the other side was
established.

Liver plays a central role m digestion. partly as scecretory mechanisms
for fat digestion and also as a store for carbohydrates. Liver also converts
proteins into fats or carbohydrates. It releases nitrogenous wastes which
are transported into kidneys for elimination. Liver is also involved in
removal of RBCs and elaborating ot the yolk nccessary for the growing
eggs (Hildebrand, 1988).

However | kidney was reported as being the main pathway for removal
of the nitrogenous wastes of protem digestion and also for excretion of
other harmtul materials resulted atter the metabolic activities. It was also
stated that 1t elimiates a controlled amount ol water and  salts
(Hildebrand, 1988) for mamtaining an adequate water halance for all the
body tunctions.
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Snakes have a characteristic mode of teeding (Coborn, 1994) since they
arc predators of preys often large in size and usually ingested as whole
with its skin and rough appendages. The digestive tract of snakes is also
structurally unique and hence, the co-role of liveras a digestive gland in
digestion is different than that in higher vertebrates. On the other hand,
removal ot imetablolic wastes is too critical since kidneys should also
minimize the excreted amounts of water due to the habitual and the
environmental requirements of snakcs.

In the present work, the relation betwcen the histological structure and
the PAS-positive materials ot both liver and kidney and their specitic
metabolic role in C. vipera snake was investigated.

MATERIALS AND METHODS

Snakes were collected trom the middle area of Qatar peninsula.
Specimens were identitied and recorded by Al-Thani (1998) after Eissa
and El-Assy (1975) and Mohammed (1988) as a well-known
representative of genus Cerestes. Adult snakes of both sexes were
chlorotormed and then quickly dissccted. Liver and kidneys were
collccted and washed ter few minutes in cold saline solution and then
immersed in cold buftered 10% tormol- calcium tixative. Specimens
were roughly cut into 2-3 mm blocks and then were extra fixed in the
same fixative, washed and prepared for paraffin embedding. Paraftin
sections of 5-0 pm thick were treated through the haematoxylin and eosin
technique for histological investigations while other sections were
subjccted to PAS- reaction for the mucosubstances (Mc Manus and
Mowry, 1900).
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RESULTS

Liver :

The genceral histological characteristics of the liver of C. vipera
exhibited a mass of hepatocytes without clear delined lobulation (Fig. 1),
like higher vertebrates ¢.g. , mammals. Liver ccells were arranged as walls
of either two-ccll thick around the hepatic sinusoids or as irregular mass
of hepatocytes around the blood capillaries. Ilepatocytes showed a
polygonal shape (Fig. 2) , and rclatively large nuclei with onc or two
nucleoli and few elements of connective tissue. The whole liver mass
appeared fenestrated by blood sinusoids and bile canaliculi. Cytoplasm of
hepatocytes (I'1g. 3) . appeared vacuolated with clear cellular borders
among cells of the hiver parcnchyma.

Liver cells just underneath the liver capsule exhibited a clear high
PAS+ ve reaction around the cytoplasmic vacuoles (Fig. 4). On the other
hand . the internal parenchymal cells showed drastic decrease in the
PAS+ ve materials in a uniformal distribution pattern (Fig.5). However.
cells around the hepatic vein exhibited moderate amounts of the PAS+ ve
materials (Fig. 0).

Kidney :

Unlike mammals, the histological appearance of the Kidney in C. vipera
showed no distinct cortex and medulla (Fig. 7). The renal capsule is
formed of simple squamous cpithelium and the renal tubules exhibited
different staining affinities and shape patterns. The proximal  tubules
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appeared as relatively thick walls composed of cuboidal to low columnar
cells with brush-borders (Fig. 8) and clear eosinophilic cytoplasm. The
intermediate tubles exhibited difterent affinity to cosin. They are covered
by a distinct outer simple squamous epithelium with extreme basal nuclei
and inner ciliated lining. Renal capillaries are distributed among the loose
renal tubules. The distal tubules composed of cuboidal cells (Fig.9) with
tew or without cilia. Glomeruli appeared with an outer simple squamous
parietal wall and relatively poor folded vascular capillaries.

The ciliated internal surfaces ot the intermediate tubules appeared rich
with PAS+ ve materials (Fig. 10) , as compared to the brush-border of the
proximal tubules. I'n the distal tubules (Fig. 11), both the few ciliated
internal surfaces and also the cytoplasm of some cuboidal cells exhibited
high PAS+ ve reaction. Both the parietal and the visceral walls of the
golmeruli (Fig, 12) showed a marked PAS- ve reaction.

DISCUSSION

The general structure of the liver in C. vipera 1s similar to that found
in- many reptiles specially in lacking lobulation (Tanuma. 1980:
Henninger, 1982: Barnt ¢t al .. 1985), The arrangement of the
hepatocytes as two cells thick or the rregular distribution around the
sinusoids and capillaries was also reported in other reptiles (Henninger.
1982: Ferrer ¢t al.. 1987: EI-Sherif and Al-Thani. 1997). The absence of
the portal triads and the decreased amounts of connective tissue may
provide reptiles with an intermediate postion between mammals and
birds. which are more advanced. and tishes and amphibia. which are less.
m this respect (Tsuncki and Ichihara. 1981), This may lead to the belict
that the liver in €. vipera can regulate its function not so fincly like
higher vertebrates but still better than the lower vertebrates.
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The high PAS+ ve reaction on the superlicial hepatocytes rather than
the internal parenchymal cells was also recorded in other worm-like
reptile (EI-Sherif and Al-thant. 1997). This may be explained as the main
function of the reptihan liver is the storage of carbohydrates (Hildebrand,
1988). and duc to the long periods between mecals in snakes,
carbohydrates may be depleted ftirstly from the central parenchymal cells
through the hepatic capillaries and remain in the hver boundary cells.
However, the moderate amounts of PAS+ ve materials n the hepatocytes
around the hepatic veins may be resulting trom the ability of reptilian
liver to convert proteins into carbohydrates or fats (Hildebrand, 1988)
which are circulated via the blood. This may provide the snake with
carbohydrates tor energy until the next teeding process.

The histological structure of the Kidney of C . vipera contirms the
general pattern of the reptihan kidney with no clear cortical or medullary
areas ( Hildebrand, 1988). K idney 1 s simply ¢ overed by fine capsule of
epithelial monolayer since it 1s deeply inserted and protected in the post-
abdominal cavity. The presence of cuboidal or the low columnar cells of
the proximal tubules was Conlirmed by (Hildebrand. 1988) and also by
(El-Shertt and Al-Thani, 1997) as well since the microvillous brush-
borders return carbohydrates. amino acids. vitamins and salts trom the
renal filtrate to the blood stream in an agreement with (Guo et al., 19906).
The intermediate tubules with their cells of specitic affinity to eosin and
their Large b asal nucler may retlect s ome secretory mechanisms which,
together with the membrane covering these tubules, arc still n need for
morc 1 nvestigations to ¢ lear up their metabolic functions. T he ¢ uboidal
cells of the distal tubules were stated to acidify the filtrate, which is
mainly uric acid. and also to remove sodium and chlorine 1ons
(thldebrand. 1988). The mucous-like blebs in some cells of the distal
tubules also reported by (Guo et al., 1996). This. and the mternal PAS+H
ve as well, may provide the filtrate with viscous characters after the
rcabsorption processes in the proximal and distal tubules. The simple
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glomerulus and the small size of the renal corpuscle may place a
limitation on the glomerular tfiltration rate (Peek and Mc Millan, 1979),
The poor vascularized capillaries may also minimize the water loss in the
tiltrate (Zausti et al.. 1986). These structural tindings in the kidney o €.
vipera may support its critical role in regulating the loss ot water and the
balance of ions (Beuchat and Braun. 1988) i reptiles. (Coborn. 1994),
stated the relation between liver and kidney in the excretory mechanisms
of snakes. Liver converts the toxic ammonium compounds resulted trom
the breakdown of proteins into uric acid. The relatively water insoluble
uric acid is transported from liver to kidneys via the blood stream.
Theretore, much water is recycled into the body by the kidneys.

In conclusion. the histological structure ot both hiver and kidney of the
snake C. vipera confirms their central role in the metabolic activities. the
body osmoregulation and the water conservation mechanisms of this
species.
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Fig. (1) : A photomicrograph ot a section in the liver of C. vipera

6]

showing a mass of hepatocytes. (H. & E. : X 200)

Fig. (2} : A photomicrograph of a section in the liver of C. vipera

showing the polygonal hepatocytes with large nuclei. (H. & E. : X 400)
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Fig.  (3) : A photomicrograph of a section in the Liver of C. vipera
showing the vacuolated cytoplasm of the parenchvmal hver cells. (H. &

E. . X 400)

Fig.  (4) : A photomicrograph of a section in the liver of C. vipera

showing high PAS+ vc reaction on the surtace hver cells. (PAS 1 X 400)
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Fie,

(5) : A photomicrograph ot a section i the liver ol C. vipera
showmg the intermal parenchymal cells exhibited less PAS+ e

matenrials. (PAS : X 400)

Fig.  (6) - A photomicrograph ot a section i the liver of C. vipera
showing the hepatic vemn with moderate amounts of PAS+ ve materials.

(PAS - X 400)
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Fig.  (7) @ A photomicrograph of a section in the kidney of C. vipera .

Notice that the cortex and medulla are not distinct. (H. & E. ; X100)

Fig.  (8) 1 A photomicrograph of a section in the kidney ot C. vipera
showing the proximal tubules (small arrows) and the intermediate tubules

(large arrows) . (1. & E. ; X 400)
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Fig.  (9) ¢ A photomicrograph ot a section in the kidney of C. vipera
showing the glomeruh (small arrows) and the distal wbules (large

arrows), (H. & E. : X 400)

Fig.  (10) : A photomicrograph of a section in the kidney of C. vipera
showing the intermal lining of the mtermediate tubules with PAS+ e

reaction. (PAS X 400)
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Fig. (11): A photomicrograph of a section in the kidney ot C. vipera
showing the mternal lining and cytoplasmic blebs exhibiting PAS+ ve

reaction.(PAS ; X 400)

Fig.  (12) - A photomicrograph of a scction m the kidney of C. viperu

showing the glomeruli extubiting PAS- ve reaction (PAS © N 400)
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