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ABSTRACT

Morphology of cloaca of Lycodon aulicus has been deseribed. Coprodaeum is muscular
and is divided into five compartments, each chamber invariably contains a small rounded pellet
of urine. The division of coprodaeum into a number of compartments, in all probability
checks the formation of a long, hard urinary pellet which may prove a great hindrance during
locomotion. Uric acid forms 72 per cent of the excretory nitrogen.

INTRODUCTION

Bodenheimer (1957) in a review on the “Ecology of mammals in arid zones”
states that, “In view of the extremely low total on the heavy exigencies of the
very dry desert environments there must be some extraordinary ecological andor
physiological adaptation for a conservation of body water. Highly concentrated
urine is an important mechanism for such a water economy, by reducing the total
amount of urine water to be excreted to a minimum”. If during the period of
particular stress on the water conservation mechanism, animals could avoid the
use of water for excretion of substances usually eliminated in the urine, a corres-
ponding amount of water would be saved. This mechanism is known to occur
in insects, where it is termed ‘Storage excretion’. The most important nitrogenous
product is uric acid and it is regularly deposited in cells of the fat body instead
of being eliminated in the urine. This phenomenon of uric acid excretion is pre-
dominant in lizards and snakes. In these animals it cannot be termed ‘Storage
excretion’ because they are not stored in cells, but on the other hand urine gets
dehydrated by the reabsorption of water and solid urine is excreted.

Observations on the water economy in relation to urine excretion of a few
lizards have already been presented in previous papers. The present paper deals
with a similar phenomenon in the common wolf-snake, Lycodon aulicus aulicus.
The method for the collection of solid urine and the technique for the chemical
analysis are similar to thoge described earlier (Seshadri, 1956 a, b, 1957).

MorPHOLOGY

The most interesting point in the morphology of the urinary system of snakes
is the total absence of urinary bladder. There are certain lizards which are classified
as saurii B by Gadow which include the Monitors, Amphisbaenids and Agamids
in which the urinary bladder is absent.

The urinary system in Lycodon aulicus consists of a pair of kidneys, two ureters,
one arising from each kidney, and a chambered cloaca into which the ureters and
the genital ducts open. Because of the longish body, in & snake all the organs
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in its visceral cavity are elongated and narrow. The kidneys and also the cloaca
are elongated. The kidney in snakes and lizards is of special interest because of
the unusual secretory activity of the segment preterminal. The kidneys lie dorsal
to the cloaca and each consists of five indistinct lobes. A peculiar feature in the
kidney is that although it is a compact body its tubules can be easily separated
with the dissecting needles by following Huber’s method. There is a slight morpho-
logical difference in the kidneys of the two sexes in Lycodon. On the dorsal side
of the kidney of male are thick, rounded tubules embedded among the finer tubules,
and on the ventral side finer tubules are present, large tubules are confined only
to the outer side of the ureter (Fig. 1). In the kidney of female, however, the
tubules on the dorsal and ventral side are small and almost alike, and kidneys are
richly supplied with blood. In a freshly dissected specimen ventral side of the
kidney is deep red in colour, while on the dorsal side, specially in the male, yellow
patches are present on the large kidney tubules.

The ureter from each kidney emerges just a little behind one third of the kidney
proper and extends along and just within the ventro-median angle of the kidney
near its posterior end. Actually the ureter in each kidney starts much ahead,
as is seen in sections, where the collecting tubules join to form the ureter proper.

The cloaca as usual is divided into an anterior chamber, the coprodaeum, an
intermediate chamber, the urodaeum and a posterior chamber, the proctodaeum.
A sphincter separates coprodaeum from urodaeum and there is only a slight demar-
cation of proctodaeum from the urodaeum. The coprodaeum is a continuation of
the large intestine but it is demarcated from the rectum by a transverse fold that
hangs from the dorsal wall. The corprodaeum is the largest of the three chambers,
it is half as long as rectum and about five times as large as urodaeum. This chamber
is further divided into as many as five compartments by incomplete transverse folds,
more prominent on the dorsal side of the chamber (Fig. 1). In several dissections
of the cloacal portion almost all the compartments of coprodaeum had a small,
rounded urinary pellet in the process of formation into a large pellet. When solid
urine is finally evacuated in the natural course it is always in the form of a single,
large ; elongated pellet which has a beaded appearance. This shape is due to the
pellet of the different compartments uniting together before they are actually
evacuated. In some specimens, in the last two coprodaeal compartments the pellets
were observed in the process of formation. In such cases a well formed rounded
pellet was not seen and a number of small crystalline pieces were present instead,
which at a later stage unite, become compact and form a rounded peliet.

Urodaeum or the urinogenital sinus is the next chamber of thec loaca into
which both the urinary and the genital ducts open. This chamber in natural course
is placed slightly on the dorsal side of the coprodaeum which gives the impression
that coprodaeum is more or less in direct communication with the proctodaeum.
In male Lycodon the ureter and the vas deferens join before they open in a common
urinogenital aperture. In female Lycodon the urodaeum is functionally divided
into a large anterior genital sinus and small posterior urinary sinus. Both the
ureters unite to form a small pseudo bladder-like dilatation and open on a papilla
in the dorso-median line. In female Calotes there seems to exist a similar structure
and it has also been recorded in Lophura (lizard) by Gadow (1887). The coprodaeal
chamber is placed ventrally, and such an arrangement presumably facilitates an
easy flow of liquid urine into the coprodacum where it undergoes dehydration.

The oviducts open on lateral sides of the genital sinus or genital shelf, which
extends dorsally up to the level of the anterior portion of coprodagum. Passage
to the opening of the oviducts from the proctodaeum is on either side of the urinary
sinus or sac. Lining of the genital sinus resolves into a number of longitudinal
folds which continue back and merge into the folds of proctodaeum.

Proctodaeum is not demarcated from urodaeum by any fold or sphincter but
the position of urinary aperture seemsto indicate the boundary of the two chambers.
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In male Lycodon there are two grooves in proctodaeum and on either side of proc-
todaeum, more towards the dorsal side, are a pair of glands, the anal glands which
seem to lead into the grooves.

TeExXT-FIG. 1.

Lycodon aulicus aulicus. Dissection of the urinogenital systems of male and female.
a. gl., anal gland; bv., blood vessel; b.t., big tubules on the dorsal surface of kidney;
cl-5, compartments of the coprodaeum; dep., depression at the place where hemipenis
comes out; gr., groove leading to the hemipenis; g. s., genital sinus; hp., hemipenis;
k., kidney; od., oviduct; op. od., opening of oviduct; p., proctodaeum; r., rectum;
s.t., small tubules of kidney; sph. f., longitudinal folds in the region of the sphincter;
t. f., transverse folds dividing coprodaeum into chambers; u. ap., urinogenital aperture;
u. op., urinary opening; u. p., urinary pellets; ur., ureter; . ., urinary sinus; vd., vas
deferens.

HistoLocy

Most conspicuous feature in the histology of kidney is the presence of relatively
large segments of renal tubules (Fig. 2c). Such a segment was first described by
Gampert (1866) in Tropidonotus natrixz. While Regaud and Policard (1903e, b, ¢)
first described and named in lizard a remarkable specialization and hypertrophy
of the ‘segment preterminal’ of the nephron of adult male during the breeding
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season. These authors referred to the enlarged tubule as the ‘segment sexuel’
and its sexual significance was also recognised by them in snakes. It has since
been described by several other workers and such hypertrophy is reported to appear
only in adult males and is obviously a secondary sex character.

A sexual segment has also been reported in the kidney of many snakes :
Tropidonotus natriz (Gampert, 1866; Heidenhain, 1874; Regaud and Policard,
1903 a, b, ¢; Cordier, 1928), 7. wiperinus (Nalriz naura) (Regaud and Policard,
Cordier), Butacuia sirtalis, Coronella ausiriaca, Zamenis viridiflavous, Vipera aspis
and V. berus.

Regaud and Policard have summarized data relevant to the morphology of
urinary tubule of snakes. They divide the tubule into six parts: (1) & short ciliated
or flagellated neck, opening into the Bowman’s capsule; (2) a convoluted segment
homologous to convoluted tubule of the mammal; (3) an intermediate ciliated
segment which probably corresponds to Henle’s loop; (4) & narrow non-ciliated seg-
ment; (5) a preterminal segment, part of which is the sexual segment; and (6) a
short terminal segment emptying into a collecting duct.

According to Regaud and Policard and others the ‘segment sexuel’ is the
segment preterm nal because it is said to be succeeded by a short terminal tubule,
which in time empties into a collecting duct. Forbes is convinced that the hypertro-
phied renul tubule of Sceloporus is neither next to the last (Preterminal) segment
of the nephron nor the terminal segment of the nephron. He believes that hyper-
trophied tubules are the collecting tubules. But in Lycodon there are other
collecting tubules as well, so it can be called the segment preterminal.

The mucosal cells of the sexual ‘segment’ comprise of very tall, simple, columnar
epithelium supported by a thin layer of connective tissue. Each cell has an irregular,
strongly basophilic nucleus at the extreme peripheral end. The inner two thirds
of cytoplasm contains large number of markedly eosinophilic secretion granules,
these tubules therefore take very dark eosin stain while other tubules do not. In
spite of large size of these tubules, the lumen of each tubule is not large, while a
collecting tubule has cuboidal cells and a large lumen. The tubules are not eosino-
philic in character. The collecting tubules and the sexual ‘segment’ can be easily
distinguished by these two primary characters.

At the height of its secretory activity the sexual segment in male snake is
approximately three times the diameter of other tubules. In female such an
enlargement is not present in the tubules. It is an established fact (Regaud and
Policard) that seasonal variations occur in sexual segment of many male lizards.
There has been some question, however, as to whether they are also characteristic
of snakes. Cordier (1928) found evidences of secretion but no cyclic variation
from May to December. Volsoe (1944) was the first to demonstrate total absence
of significant annual fluctuations in the height of cells and in the cytological indica-
tion of secretion. In Lycodon aulicus very high secretory activity was observed
by the author in the month of October. The secretory granules get stained with
eosin and nuclei dark blue with haematoxylin, they are basal in position and
irregular in outline.

The mucosa of coprodaeum consists of long, columnar cells (Fig. 2a). It is
interesting to note that these cells gradually increase in size and are largest in the last
compartment of coprodaeum, which indicates that the terminal chamber is capable
of absorbing maximum amount of water. This view is also strongly supported
by the fact that a number of small crystals were every time observed in this region
and pellets in the process of formation. As pellet gets formed it is pushed into
the adjoining compartments in front till it reaches the first where its further forward
movement is checked by the thick transverse fold of the rectum. Pellet is pushed
from behind forwards by essentially an antiperistaltic movement. The wall of
coprodaeum is highly muscular as compared to that of the lizards studied in this
connection. This may facilitate movement of pellets up and down the large copro-
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TexT-F1G. 2.

Lycodon aulicus aulicus. (a) Transverse section of & portion of coprodaeum,
(b) transverse section of the wall of urodaeum, (c) transverse section of a portion of
a portion kidney showing hypertrophied tubules, and (d) transverse section of a
lobule of anal gland showing excretory meterial.

b. m., basement membrane; c. ep., columnar epithelium; c. m., circular layer of muscles;
c. t., connective tissue layer; co. t., collecting tubule; cu., cuboidal cell of collecting
tubule; e. gr., eosinophilic granules; g.c., goblet cells; kyp. t., hypertrophied tubule;
i. hypt., lumen of hypertrophied tubule; I. 1., lumen of lobule; I. m., longitudinal layer of
muscles; L. p., lamina propria; m. m., muscularis mucosa; nu., nucleus; p. ¢., peritoneal
covering; pr., c. t., proximal convoluted tubule; s., seross; s. c., secretory cell; sec., secre-
tory material; s. gl., secretory globule; sm., submucosa; st. ep., stratified epithelium,
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daeal chamber. In lizards, where this chamber is not so large, a thick wall is not
necessary to push the urine. Peristaltic movements of rectum which ordinarily
push the faeces also serve to evacuate the solid urine. But in Lycodon, as already
indicated, the chamber as a whole is very large, divided into compartments, and
its wall is muscular, which also facilitates evacuation of urine

Urodaeum has several layers of stratified epithelial cells (Fig. 2b), the gem't;a.l
shelf in particular shows intense stratification while the urinary sac has the usua
cuboidal cells similar to those of the ureter. The stratification extends behind to the
proctodaeum and finally merges with the stratified squamous epithelium of the
integumental epidermis at the anal margin. In male Lycodon small isolated
areas of cuboidal epithelium are occasionally interspersed behind the urinogenital
aperture in the stratified mucosa.

Anal glands are present both in male and female Lycodon. In male these
glands are much bigger than in female. The gland is mucous secreting and in cross-
section secretory material is seen in the lumen of the lobules (Fig. 2d). The gland
as & whole is made up of & number of tubular units, which in cross-section are cut
very much like slices of a pie. The outermast layer of the duct is the connective
tissue layer which is very thin. Next to it is the basement membrane on which
rests the cellular epithelium. The secretory cells are more or less columnar in
shape, each cell having a basal nucleus. The cytoplasm is filled with secretory
granules and in some cells secretory globules are observed at the ental tip.

DiscussioNn

Gadow (1887) remarked that anal glands of female ophidian are much larger
than those of male and that they occupy the whole space otherwise occupied by
the male organ. In Lycodon, however, it has been observed that large anal glands
are present in male, and they are much smaller in female. Even in Coluber ventro-

maculatus the anal glands in male are well developed and there are prominent
proctodaeal grooves.

The division of coprodaeum into a number of compartments must have some
functional significance. Though no experiment has been performed to ascertain
the actual working of coprodaeum it may be possible to conjecture on the basis
of morphological studies. To facilitate serpentine movement, all the organs in
the body cavity of a snake are elongated and are pliable by nature. Urine gets
dehydrated in the coprodaeal chamber. If such a long chamber was without compart-
ments, a fully formed, long urinary pellet in it will hinder the activities of the
animal in many ways. This is specially so when active locomotion is taken into
consideration. A long, hard urinary pellet in the coprodaeum would make the
chamber rigid and will by no means be a very convenient structure and might
rupture the wall or injure it during locomotion. Small pellets in different compart-
ments maintain flexibility of the chamber as a whole, when peristalsis starts to
evacuate the faeces, the faecal matter as it travels down pushes the urinary pellets
as well. In this act all the small pellets get stuck together one over the other
and finally when the urine is evacuated it is in the form of a single long urinary
pellet. The vertebrae in this region are small, and each vertebra is more or less
the size of a single compartment of the coprodaeum. This also supports the above
view that the division of coprodaeum into compartments helps in flexibility of
the chamber. All this is at best just a conjecture without any experimental evidence,
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Results of chemical analysis of urine:

Constituents Percentage per gm.

of urine

Urea .. . .. Trages

Creatine .. .. 3.4%,

Creatinine .. .. Traces

Uric acid . .. 729,

Allantoin .. .. 1.1%,

Ash .. .. .. 11.0%,

Some of the urinary nitrogen constituents have been determined in a few
snakes. Boussingault (1950) found 80 per cent of excretory nitrogen of boa cons-
trictor and of python in the form of uric acid. Bacon (1909) claims that uric
acid in python amounts to 89 per cent. Girod (1892) working on Tropidonotus
natriz, reports that uric acid represents 80 per cent of the excretory nitrogen. Fouad
Khalil (1948 a, b) worked on an oviparous snake Zamenis diadema and on a vivipar-
ous snake Eryx thebaicus. In Zamenis he records 67 per cent of uric acid and in
Eryx uric acid represents 62.5 per cent of the total excretory nitrogen. Value for
uric acid obtained by Khalil is much lower than that obtained by earlier workers.
In Lycodon aulicus an oviparous snake uric acid represents 72 per cent of the total
excretory nitrogen. This seems to give an intermediate value.

Percentage of creatine in Lycodon is high against what Khalil has recorded
in Eryx and Zamenis which seem to be negligible quantities i.e., 0.20 and 0.06 per
cent respectively. In Lycodon it is 3.4 per cent. Percentage of urea as recorded
by Khalil in Zamenis is 2.03 and in Eryz it is absent. In Lycodon urea is present
in small traces.
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