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Abstract

The snake shed skin has long been used in folk as ethnomedicine for the treatment of various therapeutic purposes. The
present study investigates the effects of the shed skin aqueous extract (SSAE) of the nonpoisonous snake Ptyas mucosus on the
development of the ovotestis of the hermaphrodite slug, Onchidium tigrinum. The ovotestis consists of numerous ovoid-shaped
acini, include both spermatogenesis and oogenesis. It is observed that the nonpoisonous SSAE has some significant detrimental
effects on the gametogenesis of the slug only on direct contact into the body fluid of the individuals, otherwise, the SSAE has no
significant harmful effect on the ovotestis constituents. The most noticeable pathological effects in spermatogenesis are - the
arrangement of developing sperm bundles and their typical twisting pattern have deteriorated, the head of the sperm become
a small bead-like structure, the pyramidal development of the spermatogenic cells is lower in number in the acini. On the other
hand, the oocyte lost its basal integrity with the acinar boundary. The oolemma of the oocytes becomes irregularly shrank.
Some small ooplasmic blebbing have commonly been found near the oolemma. The cell membrane of most of the cells in the
acini has been damaged and several bare nuclei have frequently been observed in the acinar space. The somatic cells such as
Sertoli cells, follicle cells, etc. in the acini appeared as the cellular remnants. It advocates that the SSAE has more detrimental
effects on the oogenic cells than that of the spermatogenic cells in the mollusc.
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Introduction traditional medicinal system for treatment of various
medicinal purposes in India and Chinese [1-4]. Itis described

The shed skin of snakes considers as biological waste that the poisonous snake (e.g, Naja naja) shed skin aqueous
product and have long been used in folk, Santhal and extract (SSAE) composed of some toxic biomolecules, which
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have some pathological properties on the female reproductive
system of Swiss Albino mice such as temporary cessation of
the estrous cycle, cellular disorganization in the ovary, uterus
and etc. [4,5]. However, no reports are still available about
the possible ethnomedicinal effects of the shed skin extract
of the non-poisonous snakes in the medicinal treatments of
the animal groups.

The Onchidium tigrinum (Stoliczka 1869) is a
protandrous, simultaneous, hermaphrodite mollusc of
Onchidiidae family (Systellommatophora, Eupulmonata:
Gastropoda). During sexual life, O. tigrinum acts as the male
in the early part of life and perform simultaneous female in
later and is corroborated to those of the other pulmonates
[6-8]. Like other pulmonates [7,9-12], the gonad of the O.
tigrinum is ovotestis and composed of numerous ovoid-
shaped acini [13]. In pulmonates, both the male and female
gametes are developed in each ovotestis acinus with some
somaticbarrier [13,14-19]. The body weight of the O. tigrinum
is directly correlated to the gender choice as well as the
predominancy of either the spermatogenesis or oogenesis in
their ovotestis acini [13] and these are resembled with the
other pulmonates [6-8,17,18,20-22].

The present study aims to investigate the possible
effects of the shed skin aqueous extract (SSAE) of the
Ptyas mucosus (Linnaeus, 1758) on the developments of
various constituents of the ovotestis in the hermaphrodite
eupulmonate mollusc, Onchidium tigrinum (Stoliczka 1869).

Materials and Methods

Collection and Rearing of Sample

Total 160 Onchidium tigrinum (Stoliczka 1869)
(Systellommatophora, Eupulmonata: Gastropoda) of 1 + 0.5g
body weight was collected from the bank of river Hooghly
(Figs. 1A-B) at Noorpur (22.1000°N and 88.0700°E), South
24-Pargana, West Bengal, during rainy season (June-July
month). The body weight of the individuals was taken with
a digital weight machine (Mettler Toledo ME204). The
specimens were acclimatized for five days in the earthen
pot having moist soil of the river basin. The specimens
were provided with algal flora and river water was sprayed
regularly for maintaining humid ambience.

Collection of the Snake Shed Skin of Ptyas
mucosus

The shed skin (Figure 1D) of the non-poisonous snake,
Ptyas mucosus (Linnaeus, 1758) (Colubridae, Squamata,
Reptilia) (Figure 1C) irrespective of the male or female
individuals were collected from Purba Medinipur of West
Bengal, India through field collection as per permission
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granted by the Ministry of Forests & Wild Life, Govt. of West
Bengal, India (4250/WL/4R- 6/2017). The shed skins were
identified by the Zoological Survey of India.

Figure 1: Sampling area and micro-habitat (white circle)
of the Onchidium tigrinum (a). b, An individual slug. The
scale was in centimeters. ¢, A individual non-poisonous
snake (Ptyas mucosus). d, Shed skin of the Ptyas mucosus.

Preparation of the Snake Shed Skin Aqueous
Extract (SSAE) and its Administration into the
Slugs

The shed skin (40 + 5 mg) of Ptyas mucosus was powdered
with two pinches of sea sand using mortar and pastel. The
powder was soaked in 2 ml of river water of the sampling
area in a centrifuge tube for overnight at room temperature.
The head of the centrifuge tube was sealed with parafilm tape
and 2-3 ampoule were prepared. The ampoules were shake
well and were centrifuged at 2000 rpm for 30 minutes. The
supernatant of the ampoule was drawn by a syringe and used
as a snake shed skin aqueous extract (SSAE) in the study.

Experimental Design

All the collected O. tigrinum were divided into four
groups. Each group (N = 40) was kept individually in four
medium size earthen pots marked as Pot-A, Pot-B, Pot-C and
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Pot-D (Figure 2). The individuals in Pot-A, Pot-B, Pot-C and
Pot-D were designed as control (Cont.) slugs, only mantle
pricked (MP) slugs, only SSAE treated (SSAE) slugs without
mantle pricking and SSAE treatment on mantle pricked
(MP+SSAE) slugs respectively (Figure 2). The mantle of the
slugs in Pot-B and Pot-D was pricked by the sharp tip of a
fine needle. In Pot-C, the SSAE of one ampoule was sprayed
once in a day on the mantle (dorsal surface) of the slugs. In
Pot-D, the individuals were mantle pricked first and then one
ampoule SSAE was immediately sprayed on those individuals.

The ovotestes from these four groups were collected and
processed for simple histological analysis (Figure 2).

The weight of the ovotestis was compared with the
overall body weight of the individuals and a gonadosomatic
index (GSI) was calculated for four groups [17].

GSI (%) = Weight of the ovotestis x 100 Total body weight of
the individual

Total 160 Onchidium tigrinum (1 = 0.5 g body weight) was collected from the
bank of Hooghly river and divided into four earthen pots

|
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| On day 15, some samples (N = 15) from each pot were sacrificed for collection of the ovotestis. ‘

histological study.

The ovotestis was dissected out from the specimens of the four groups and immediately preserved in the
aqueous Bouin’s solution in individual microtube. After 2-3 hours the ovotestis was cut into several
small pieces (3-4 mm?) and kept in the microtube with fresh fixative for 14-16 hours and processed for

it mixed directly into the body fluid.

Figure 2: Experimental design of the study. The individuals in the Pot-A were made as control (Cont.) individual. The Pot-B
were composed of mantle pricked (MP) individuals to study whether there was any effect of the mantle pricking on gonadal
development. The Pot-C included snake shed skin aqueous extract (SSAE) treated individuals without mantle pricking.The
Pot-D included SSAE treated on mantle pricked specimens to examine the effect of SSAE on the ovotestis constituents when

Histopathological Analysis

According to the experimental design (Figure 2), on the
day 15 the ovotestes were dissected out from some living
slugs (N = 15) from each earthen pot (i.e., Pot-A, Pot-B, Pot-C
and Pot-D) and immediately preserved in the aqueous Bouin’s
solution in individual microtube at room temperature. After
2-3 hours the ovotestis was cut into some small pieces (3-4
mm?) and kept in the microtube with fresh fixative for 14-16
hours at room temperature. The fixed samples were washed
with tap water and dehydrated with ethanol, embedded
in paraffin (58-602C) and serially sectioned (5um). The
sections were stained with the haematoxylin and eosin and
were observed under a light microscope.
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Morphometry and Statistical Analysis

The measurement (mean value * SD) of the various
acinar constituents such as the size of spermatocytes,
spermatids, sperms, oogonia, oocytes, Sertoli cells, follicle
cells, width of the acinar boundary, follicular layer, follicular
cleft, and etc. were taken from the four groups using image-
processing software “Image] 1.51t” (Wayne Rasband, NIH,
USA).

A normality test was applied to check the distributions
of the studied acinar features among the four experimental
groups of the slug. The test met the assumption of parametric
analysis and one way ANOVA followed by Tukey’s test was
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performed using XLSTAT statistical program to determine
the statistical significance (P < 0.05) on the developmental
variations of the different acinar components among these
experimental groups.

Results

General Characteristics of the Acini in the
Ovotestis

The ovotestis of Onchidium tigrinum was the single
globular mass (28.34 *+ 4.93 mg in weight), which consists
of numerous sac-like acini, which were well decorated
with several structural characteristics such as developing

(Figures 3A-E & 4A-B). The acinar boundary (0.18 + 0.002 um
in thickness) was well- developed with some characteristics
interacinar space (1.26 * 0.22 um in width) (Figs. 34, 3C-
D, 4B) and interacinar junction (0.16 * 0.04 um in width)
(Figures 3B & C). The interacinar space was included small,
ovoid interacinar cells, connective tissue and blood vessels.
Some small nucleated cells were observed in the acinar
boundary (Figures 3B-C & 4B). The entire acinus space
was divided into a cortex region and a lumen (or medulla)
termed as the acinar cortex and acinar lumen. Each acinus
(8.32+0.32 x 8.15 + 0.62 pum in size) composed of numerous
developing spermatogenic cells and a few numbers of
developing oogenic cells with some corresponding somatic
cells (Figures 3A-D & 4A-B).

gametogenic cells, somatic cells, connective tissue and etc.

Figure 3: Light microscopic photomicrograph of a part of the ovotestis of control (in Pot-A) Onchidium tigrinum. a, The acinar
space composed of several typical sperm bundles with some developing spermatogenic cells and they were distributed
throughout the acinar space. Developing oocytes were restricted to the cortex region of the acini and were surrounded by
adistinct follicular layer. Arrow indicates the head of the sperm bundle. b, A portion of the acinus showed the series of cell
pyramids (bold arrow) of the developing spermatogenic cells.Note the distinct acinar junction (arrow head) of two adjacent
acinar boundaries. ¢, Bunch of the interacinar cells with distinct nucleus in the interacinar zone. Arrow head indicates the
nucleus of the sperm bundle, bold arrow indicates the interacinar junction. d, Developing oocytes were surrounded by a
well-developed follicular layer with distinct follicle cells. e, A bunch of developing spermatids which heads (arrow head) were
inserted into a portion of the Sertoli cell (S). Note the residual cytoplasm (Rc) of developing spermatids at the tail region.
Abbreviation: ab, acinar boundary; cf, follicular cleft; fl, follicular layer; ia, interacinar zone; ic, interacinar cell; n, nucleolus; N,
nucleus; og, oogonium; oc, oocyte, pc, periacinar cell; S, Sertoli cell; sc, spermatocyte; sd, spermatid; sg, spermatogonium; sp,
sperm.
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e Spermatogenic cells

Several sections revealed that numerous spermatogenic
cells with various developing stages; i.e.,, spermatogonia,
spermatocytes, spermatids and sperms were distributed
throughout the acinar space (Figures 3A-D & 4A-B). The
spermatogonia (0.34 + 0.028 pm in diameter) were mostly
circular, smaller in size with centrally placed deeply stained
nucleus and were mainly found in the acinar cortex (Figures
3A-B & 4A-B Sketch). The spermatocytes (1.16 £ 0.173 um in
diameter) were oval or pear-shaped, larger in size than the
spermatogonia (Figures 3A-B & 4A-B). The spermatids were
developed from the large spherical cell (0.33 # 0.06 um in
diameter) to the elongated cell (1.47 * 0.22 pm in length).

The budding tail parts of the developing spermatids were
showed in the cortical region in several acini (Figures 4A). The
residual part of the excess cell cytoplasm in the developing
elongated spermatids was accumulated very near to their
tail (Figures 3E & 4B). The sperms were mainly found as the
sperm bundles measured approximately 6.30 pum in length
and 0.85 um in width (Figures 3A & 4A-B). It was observed
that the sperms in almost all the sperm bundles maintained
a typical twisting fashion with each other along with the tail
length (Figures 3A & 4A-B). The head (0.19 + 0.01 pm in
length) of sperms in the sperm bundle were inserted into a
part of the Sertoli cell (Figures 3A & 4A-B).

Figure 4: Photomicrographs of a part of the ovotestis of control (in Pot-A) Onchidium tigrinum. a, A portion of acinar cortex
showing developing spermatids with other spermatogenic stagesand some developing oocytes. Note the budding tails (arrow
head) of the developing spermatids. Bold arrow, sperm bundle; thin arrow, nucleus of sperms in the sperm bundle; white arrow
head, intermingled layer of Sertoli cell and follicular layer. b, Schematic representation of an acinus and its allied structures.
Abbreviation: ab, acinar boundary; cf, follicular cleft; fl, follicular layer; ia, interacinar zone; ic, interacinar cell; n, nucleolus;
N, nucleus; og, oogonium; oc, oocyte, pc, periacinar cell; Rc, residual cytoplasm of developing spermatids; S, Sertoli cell; sc,
spermatocyte; sd, spermatid; sg, spermatogonium; sp, sperm.
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e Oogenic cells

The developing oogenic cells were only restricted in
a few portions of the acinar cortex (Figures 3A & 3C, 3D &
4A-B). One part of the developing oogenic cells were very
intimately attached to the inner wall of the acinar boundary,
whereas their luminal face was covered by a developing
follicular layer of the follicle cells (Figures 3A-C & 4B). Three
to four developing oogenic cells including the oogonium and
oocytes were found in most of the ovotestis acini (Figures
3A-D & 4A-B).

The oogonium was commonly observed as an elongated
cell measured 2.75 + 0.85 pum in length and 1.03 = 0.23
pm in width (Figures 3A & 4B). The luminal portion of the
oogonium was partially covered with a poorly-developed
follicular layer (Figures 3A & 4B). The oocytes were oval
to circular in shape measured 4.05 + 0.41 um in diameter
(Figs. 34, 3C, 3D, 4A-B). The oocyte was surrounded by a
well-developed follicular layer (0.20 # 0.02 pm in thickness).
A follicular cleft (0.20 + 0.12 pm in width) was developed
between the oolemma and the follicular layer at the apical
and lateral surfaces of the oocytes (Figures 3A-D & 4B). The
ooplasm was characterized by a mosaic matrix of some light
and opaque materials (Figures 3A-D & 4B). The nucleus
of the oocytes was prominent measured 2.05 + 0.14 pm in
diameter with distinct nucleolus (Figures 3A & D).

e Somatic cells

In the ovotestis, there were four major somatic cells
such as the Sertoli cells and follicle cells in the acini, whereas
the periacinar cells and interacinar cells out site the acinar
boundary (Figures 3A-C&4A-B).

The Sertoli cells were very irregular in shape and size
(Figures 3A-C & 4A-B). Sertoli cells were spermatogenesis
promoting cells for which most of the developing
spermatogenic cells were developed in the vicinity of the
Sertoli cells (Figures 3A-D, 4A-B). In the acinar cortex, one
part of the Sertoli cells was very tightly attached to the
inner wall of the acinar boundary and rest of the luminal
cell surface was covered with a pyramidal aggregation of
numerous developing spermatogenic cells, described as
spermatogenic cell pyramid (Figures 3A-B, 4B sketch).

The follicle cells were thin, short cells measured 0.29
* 0.08 pm in length and 0.18 + 0.05 pm in width. Follicle
cells were few in number, arranged in a layer around the
developing oocytes described as follicular layer (Figures
3A,3D,4B). Several sections revealed that an intermingled
barrier was sometimes formed by an association of the
follicle cell and a part of Sertoli cell on the luminal surface
of some developing oogenic cells (Figures 4A) and avoids
direct contact of the developing spermatogenic cells to the
developing oogenic cells (Figures 3A, 4A-B). The thickness
of the intermingled cell barrier was approximately two times
greater in thickness than that of the typical follicular layer
measured 0.20 + 0.02 um in width (Figures 3A-3D & 4A-B).
The periacinar cell was a slightly elongated (0.22 + 0.05 pm
in length), thin cells (0.07 *+ 0.02 pum in width) and was very
tightly adhered to the outer wall of the acinar boundary with
some muscle fibers (Figures 3A-3C & 4A-B).

The interacinar cells (0.08 * 0.025 in diameter)
were mostly circular or oval cells with a deeply stained,
prominent nucleus (Figs. 3C, 4B). The interacinar cell was
irregularly distributed as either singly or a bunch of cells
in the interacinar space (1.26 * 0.22 pm in width) and
approximately half in length than that of the periacinar cells
(0.22 £ 0.05 pm) (Figures 3A-3C & 4B).

Variations of the Acinar Components After
Different Treatments

According to work design (Figure 2), there were three
different treatments such as the mantle pricked specimens
(MP slugs, in Pot-B), only snake shed skin aqueous extract
(SSAE) treated specimens (SSAE slugs, in Pot-C) and the
mantle pricked individuals with SSAE treated specimens
(MP+SSAE slugs, in Pot-D). The Relative characteristics
(Table 1) and the morphometry (Table 2) of various
ovotestis constituents of the control and three treated
groups were tabulated here. The normality test of the
various ovotestis constituents was suggested that all the
variables were normally distributed in the four groups of
the slug (Table 3).

Acinar features

Cont. (N = 40)

MP (N = 40)

SSAE (N = 40) MP+SSAE (N = 40)

Acinar boundary

Thick, smooth, double
membrane bound structure

Thick, smooth,
double membrane
bound structure

Thick, smooth,
double membrane
bound structure

Relatively thin, with numerous
granular materials.

Spermato- genic
cells

Commonly found,
distributed throughout the
acinar space

No significant
variation than
control

Very ill-defined structure, bare
nucleus of various developing sages
was found throughout the acinar
space

No significant
variation than
control
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Sperm bundles

Abundant, well developed
with typically spiral tail.

No characteristic
variation than
control

No characteristics
variation than
control

Most of the sperm bundles were
appeared as a hazy woolly structure.
Numerous sperms were lonely and
randomly distributed far away from
the vicinity of the Sertoli cell.

Sperm heads

Pointed, inserted into a part
of Sertoli cell

No distinguishing
variation than
control

No distinguishing
variation than
control

Blunt, most of the sperms were
distantly placed from the Sertoli cells

Sertoli cell

Abundant, well developed
with prominent nucleus

No significant
variation than
control

No significant
variation than
control

Mainly residual portion of the Sertoli
cells were found. Bare nucleus of the
Sertoli cells was also observed

Interacinar cell

Ovoid shaped with distinct
nucleus, mostly found as a
small bunch of the cells

No distinguishing
variation than
control

No distinguishing
variation than
control

Rarely found, comparatively smaller
in size, circular, mainly distributed
discretely in the interacinar space.

Periacinar cell

Thin, elongated cell,
frequently found, tightly
attached to the outer wall
of the acinar boundary

No characteristic
variation than
control

No characteristics
variation than
control

Indistinct, rarely found

Oogenic cells

Oval or circular shaped,
surrounded by well-
developed follicular layer.
Located in only the cortex
region of the acini

Similar to the
control

Similar to the
control

The oolemma around the developing
oogenic cells was drastically damaged,
bare nucleus of the oocytes were
frequently found and distributed
throughout the acinar space.

Ooplasmic
blebbing

Not found in any section

Not found in any
section

Not found in any
section

Most frequently found in almost all
sections

Follicular layer

Thick, well-developed with
a distinct follicular cleft
around the developing

oocytes

No characteristic
variation than
control

No characteristics
variation than
control

Very ill-defined, drastically damaged
around the developing oocytes

Table 1: Relative characteristics of the acinar constituents in the four groups of Onchidium tigrinum. Cont., control individuals;
MP, mantle pricked individuals; SSAE, only snake shed skin aqueous extract treated individuals; MP+SSAE, snake shed skin
aqueous extract treatment on mantle pricked individuals.

(N=40) (N =40) (N=40) (N=40)

Width of acinar boundary 0.18 £ 0.002 0.2+0.031 0.16 £ 0.024 0.016 £ 0.002

Spermatogoniumdiameter 0.34 +0.028 0.25 + 0.007 0.15 + 0.004 0.15+0.03
Spermatocyte diameter 1.16 £ 0.173 0.28 £0.033 0.29 £0.019 0.31+£0.053
Spermatocyte nucleus diameter 0.59 £ 0.107 0.19 + 0.041 0.18 £ 0.025 0.25+0.031
Spermatid diameter 0.33+0.058 0.20 +0.012 0.33+0.133 0.03 £ 0.006
Sperm length 6.30 £ 1.039 4.33 +£0.157 2.28+0.28 0.35+0.013

Sperm bundle width 0.85+0.070 0.63 +0.040 0.77 £ 0.22 0.35+0.112
Sperm head length 0.19+0.010 0.20 £ 0.050 0.13 +0.002 0.01 +0.002
Sertoli cell diameter 3.17 £0.528 1.04 £ 0.367 2.02£0.189 0.12 £0.021
Sertoli cell nucleus 1.01 £ 0.203 0.41+0.021 0.73 £0.165 0.06 = 0.005
Height of spermatogenic cell pyramid 1.45 + 0.095 1.66 +0.476 1.61 +0.066 0.45+0.118
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Width of spermatogenic Cell pyramid 1.40 £ 0.296 0.85£0.155 1.52 £ 0.370 0.40 £ 0.092
Oogonium length 2.75+0.854 2.21+0.496 2.58+0.46 0.76 £ 0.124
Oogonium width 1.03 £0.229 0.91 +0.185 1.31+0.16 0.38 +0.006
Oocyte diameter 4.05+0414 2.97 + 0.675 1.86 + 0.644 0.98 £ 0.062

Oocyte nucleus diameter 2.05+0.137 1.07 £ 0.203 1.49 £ 0.129 0.37 £0.031

Follicular layer thickness 0.20 £ 0.019 0.10 £ 0.016 0.09 £ 0.015 ok
Follicular cleft width 0.20+0.118 0.20 £ 0.026 0.13 £ 0.055 ok

Interacinar cell diameter 0.08 £ 0.025 0.08 £ 0.022 0.08 £ 0.025 0.02 £ 0.007
Periacinar cell length 0.22 £0.053 0.22 £ 0.053 0.22 £ 0.057 0.02 £ 0.002

** absent in the group.

Table 2: Morphometric comparisons (mean value * SD) of the acinar constituents between control and three experimental
groups of Onchidium tigrinum. Cont., control individuals; MP, mantle pricked individuals; SSAE, only snake shed skin aqueous
extract treated individuals; MP+SSAE, snake shed skin aqueous extract treatment on mantle pricked individuals.

Acinar Characteristics Cont.(N = 40) MP(N = 40) SSAE(N = 40) MP+SSAE(N = 40)
Width of Acinar Boundary (Abw) 0.17 0.17 0.3 0.83
Spermatogonium Diameter (Sg) 0.09 0.68 0.2 0.46
Spermatocyte Diameter (Sc) 0.21 0.17 0.34 0.5
Spermatocyte Nucleus Diameter (Scn) 0.3 0.09 0.29 0.84
Spermatid Diameter (Sd) 0.32 0.07 0.1 0.84
Sperm Bundle Width (Sbw) 0.16 0.6 0.19 0.31
Sperm Head Length (Sph) 0.33 0.21 0.48 0.25
Sertoli Cell Diameter (S) 0.12 0.12 0.15 0.35
Sertoli Cell Nucleus (SN) 0.18 0.12 0.23 0.38
Height Of Spermatogenic Cell Pyramid (Sgph) 0.05 0.27 0.26 0.25
Width of Spermatogenic Cell Pyramid (Sgpw) 0.24 0.13 0.14 0.47
Oogonium Length (Ogl) 0.18 0.61 0.36 0.23
Oogonium Width (Ogw) 0.53 0.24 0.15 0.31
Oocyte Diameter (Oc) 0.18 0.16 0.14 0.65
Oocyte Nucleus Diameter (Ocn) 0.43 0.17 0.23 0.56
Interacinar Cell Diameter (Ic) 0.42 0.82 0.55 0.2
Periacinar Cell Length (Pc) 0.44 0.07 0.31 0.33

Table 3: The calculated P-value of the various constituents of the ovotestis acini using the normality test (Shapiro-Wilk test).
Individual P-value was greater than the alpha value (0.05). All the variables were normally distributed in the four groups of
Onchidium tigrinum. Cont., control individuals; MP, mantle pricked individuals; SSAE, only snake shed skin aqueous extract
treated individuals; MP+SSAE, snake shed skin aqueous extract treatment on mantle pricked individuals.

e Theacinar components in the ovotestis of the mantle
pricked slugs (MP slugs) and only SSAE treated slugs
(SSAE slugs)

It was observed that the weight of the ovotestes and the

gonado somatic index (GSI) in the individuals of the MP

(28.14 * 3.99 mg in weight) and SSAE (28.20 + 2.98 mg in

weight) groups have no significant differences to those of the
control (28.34 + 4.93 mg in weight) individuals (Figure 5).
Moreover, the structural characteristics of the various acinar
components in the ovotestis of the MP slugs (Figure 6A) and
SSAE slugs (Figure 6B) were almost same with those of the
control specimen (Figures 3A-D & 4A-B) (Tables 1).
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Figure 5: A graphical representation of the relative relationships of the ovotestis and gonado somatic index (GSI) between
the control and other three treated groups (MP, SSAE and MP+SSAE) of Onchidium tigrinum. The weight of the ovotestis and
the GSI index were almost same in the individuals of the Control, MP and SSAE groups while those were relatively decreased
in the slugs of the MP+SSAE group.

Figure 6: Photomicrographs of a part of the ovotestis acini of treated Onchidium tigrinum. a, Theovotestis of only mantle
pricked slugs (in Pot-B). Bold arrow indicates the acinar junction. b, The ovotestis of the SSAE treated slugs (in Pot-C) without
mantle pricked. The characteristics of the acinar components were almost similar between the individuals from both the
Pot-B and Pot-C and those were mostly similar as found in the ovotestis of the control individuals (in Pot-A). Note the residual
cytoplasmic materials in the developing spermatids were gradually moved toward the tail region (bold arrow) of these
elongated cells.Arrow indicates the head of the developing spermatid bundle. Abbreviation: ab, acinar boundarys; cf, follicular
cleft; fl, follicular layer; ia, interacinar zone; ic, interacinar cell; n, nucleolus; N, nucleus; og, oogonium; oc, oocyte, pc, periacinar
cell; S, Sertoli cell; sc, spermatocyte; sd, spermatid; sdb, spermatid bundle; sp, sperm.
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e The acinar components after spraying of the SSAE on
the mantle pricked slugs (MP+SSAE slugs)

In the present study, it was noted that the combinations
of the mantle pricking and spraying of the SSAE have a great
detrimental effect on the development of the gametogenic
cells (Figures 7A-B, 8A-C, 9, 10A-F, 11A-F, 12A-C, 13A-D and
Tables 2 and 4). The weight of the ovotestis (16.5 £ 9.37 mgin
weight) of the ‘MP+SASAE’ slugs was desperately decreased

than that of the control slug (28.34 + 4.93 mg in weight) and
other treated slugs (Figure 5). Most significant differences
of the ovotestis characteristics between the control slugs
(Figure 3A-D, 4A- B) and the ‘MP+SSAE’ slugs (Figure 7A-
B, 8A-C, 9, 10A-F, 11A-F, 12A-C, 13A-D) were tabulated in
the Table 4. A characteristic difference in the GSI indices
was observed between the individuals of the control and
‘MP+SSAE’ groups (Figure 6).

S. No Acinar features Cont.* | MP+SSAE*
1 Granulation in the acinar boundary - +++
2 Intimate association between acinar boundary with different acinar components +++ -
3 Bare nucleus of developing spermatogenic cells - 4+
4 Sperm bundles o+ +
5 Spiral pattern of sperm bundle +++ +
6 Individual sperms ¥ .
7 Sertoli cells 4+ +
8 Bare nucleus of developing oogenic cells - +++
9 Ooplasmic blebbing - o+

10 Follicle cell ++ -
11 Follicular layer +H+ .
12 Follicular cleft 4+ .

*(-) absent; (+) present but less abundant; (++) moderately developed and moderate in

developed and numerous in number.

number; (+++) very well

Table 4: Some major comparative characteristics of acinar constituents in the ovotestis between control (Cont.) and snake
shed skin aqueous extract treatment on mantle pricked (MP+SSAE) individuals.

The acinar size of the ‘MP+SSAE’ slugs (Figure 7A) was
slightly larger in length (9.04 + 0.34 um) and smaller in width
(4.71 + 0.37 um) than those of the control slugs (8.32 + 0.32
x 8.15 + 0.62 um in size) (Figure 3A). The acinar boundary
was become granulated by darkly stained small granules
(Figures 7B, 84, 8C, 9). The nucleated cells in the acinar
boundary were very indistinct or rarely observed (Figures
7A-B, 8A-C, 9). The interacinar space was mostly devoid from
the interacinar cells (Figures 7A-B, 8C, 9).

e Spermatogenic cells

Most of the developing spermatogenic cells in the acini
were found as distorted structures (Figures 7A-B, 8A-C, 9).
The developing spermatogenic cells were lost their typical
shape, size and their intimate associations with the Sertoli
cells (Figures 7A-B, 8A-C, 9). The morphometry of various
spermatogenic features was decreased than those in the
control specimens (Figures 10B-F, 11A-C, Table 2). Residual
parts of the sperm bundles in the most acini were irregularly
distributed and were lost their typical spiral fashion toward
the tail (Figures 7A-B, 8A-C & 9). The sperm heads were
characterized by a small, bead-like structure (Figures 7A-B,
8A-8C, 9).Several individual sperms instead of sperm bundles
were frequently found in the acini. The height and width
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of cell pyramid of the spermatogenic cells were drastically
decreased than those of the control slugs (Figures 11B-11C).
Many bare nuclei of the developing spermatogenic cells were
frequently observed without cell cytoplasm in most sections
(Figures 74, 8A-C, 9).

e Oogenic Cells

The developing oogenic cells were lost their tight,
intimate association with the acinar boundary (Figures 7A-
B, 8A-C, 9). The morphometry of the oogonia (Figures 7B,
11F, 12A) and oocytes (Figures 7A-B, 8A-C, 9, 12B-C) in the
acini was significantly varied from those in the acini of the
control individuals as well as in the MP and SSAE treated
slugs. The typical follicle cells and follicular layer around
the developing oocytes were drastically damaged (Figures
84, 8C, 9). As a result, the oocytes were dislocated from
the acinar cortex toward the acinar lumen (Figures 74, 8C,
9). The smooth oolemma of the developing oocytes was
distorted and some distinct ooplasmic blebs were separated
from the oocyte (Figures 8B-C, 9). The nuclear membrane
of the developing oocytes becomes thicker than that of the
control slugs (Figures 9). Several serial sections revealed
that many bare nuclei of the developing oogenic cells were
frequently observed in the acini (Figures 74, 8A-C, 9).
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Somatic Cells

The somatic cells such as the Sertoli cells, follicle cells,
periacinar cells and interacinar cells in the ‘MP+SSAE’
treated slugs were morphologically and morphometrically
declined than those of the control slugs (Figures 7A-B, 8A-
C, 9, 11D-E, 13A-D). Several sections revealed that mainly
remnants of the Sertoli cells were found. The bare nucleus
of the Sertoli cells was also found in many acini (Figures 7B).
The follicular layer and follicular cleft were absent around
the developing oocytes in the most of the acini (Figures 7A-
B, 8A-C, 9, 13A-B and Tables 1 & 4). The cell size and the
population of the interacinar cells and periacinar cells were
significantly decreased in the ovotestis of ‘MP+SSAE’ treated

slugs (Figures 7A-B, 84, 8C, 9, 13C-D).

The developmental relationship of the various ovotestis
features in both the MP and SSAE slugs was more or less same
with those of the control slugs (Figures 3A-D, 4A-B, 5, 6A-B,
10A-F, 11A-F 12A-C, 13A-D and Tables 1-2). The GSI index
clearly shown that there was a significant variation between
the individuals (MP+SSAE group) with direct contact
of the SSAE and other groups (Figure 5). The study was
advocated that the SSAE of the P mucosus was performed as
zootherapeutic resources and its ingredients showing some
therapeutic effects in the reproductive tissue of the slugs on
its direct contact to the individual body fluid.

Figure 7: Photomicrographs of a part of the ovotestis of the SSAE treated-mantle pricked Onchidium tigrinum (in Pot-D). The
overall structural arrangement of the acinar constituents was characteristically hampered in most of the acini which including
very thin granulated acinar boundary. a, The cell membrane of the developing oocytes (arrow head) were damaged and the
nucleus (N) of the corresponding cells were free without cytoplasm. Arrow indicates the cytoplasm free nucleus of the
developing spermatogenic cells. b, The intimate association between the Sertoli cells and the developing spermatogenic cells are
characteristically hampered. Typical spiral pattern at the tail region of the sperm bundle was changed to a hazy structure. Black
arrow indicates cytoplasm free nucleus of spermatogenic cells in various developmental stages. White arrow indicates the head
of the sperm bundle. Note the bare nucleus of the Sertoli cell. Cell pyramid (bold arrow) was smaller in size and loosely attached
to the acinar boundary, which was granulated with numerous small, circular granules (arrow heads). Most of the interacinar zone
were free from the interacinar cells. Abbreviation: ab, acinar boundary; cf, follicular cleft; fl, follicular layer; ia, interacinar zone; ic,
interacinar cell; N, nucleus; og, oogonium; pc, periacinar cell; S, Sertoli cell; sc, spermatocyte; sd, spermatid; sp, sperm.
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Figure 8: Light microscopic photomicrographs of a part of the ovotestis of the SSAE treated- mantle pricked Onchidium
tigrinum (in Pot-D). a, The acinus was composed of characteristically distorted oocyte without covering of the follicular layer.
The oolemma bulges outward and separated as small ooplasmic blebs (arrow head) from the oocyte. These blebs included a
portion of the ooplasm into them. Arrow indicates the head of the developing sperms. The sperm heads were very loosely
adhered to the residual part of the Sertoli cell. b, Enlarged view of the distorted oocyte of the figure A, showed distinct ooplasmic
bleb (arrow head) was separated from the oocyte. ¢, Overall acinar constituents in most of the acini were drastically changed.
The cytoskeleton of the developing oocytes in most of the acini were damaged. The cytoplasm free nucleus of the oocyte was
moved towardthe acinar lumen in many acini. Thin arrow indicates nuclear materials of developing spermatogenic cells. Bold
arrow indicates the hazy appearance of the sperm tails. Arrow headindicates granulated acinar boundaries.

L
o o0

Figure 9: Schematicrepresentation ofanacinusin the ovotestis of MP+SSAE treated Onchidium tigrinum. Overall ornamentations
of the acinar constituents were drastically deteriorated with granulated acinar boundary. The oocyte lacks the follicular layer.
Note the thickening of nuclear membrane of the oocyte nucleus. The oolemma bulges outward and separated as small ooplasmic
blebs (ob) from the oocyte. Note the bare nucleus of the Sertoli cell. Sperms in the sperm bundle contained bead-like heads.
Abbreviation: ab: acinar boundary; cf: follicular cleft; fl: follicular layer; ia: interacinar zone; ic: interacinar cell; n: nucleolus; N:
nucleus; og: oogonium; oc: oocyte, pc: periacinar cell; S: Sertoli cell; sc: spermatocyte; sd: spermatid; sg: spermatogonium; sp:
sperm. Thin arrow, granule in the acinar boundary; bold arrow, oolemma of oocyte, arrow head, sperm head.
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Figure 10: Relative developmental variations of some acinar constituents between control and treated Onchidium tigrinum.
a, width of acinar boundary (abW); b, diameter of spermatogonium (sg); ¢, diameter of spermatocyte (sc); d, diameter of
spermatocyte nucleus (scN); e, diameter of spermatid (sd); f, width of sperm bundle (sbW). Abbreviation: Cont., control
individuals; MP: mantle pricked individuals; SSAE, only snake shed skin aqueous extract treated individuals; MP+SSAE, snake
shed skin aqueous extract treatment on mantle pricked individuals.
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Figure 11: Relative developmental variations of some acinar constituents between control and treated Onchidium tigrinum. a,
Length of sperm head (spH); b, height of spermatogenic cell pyramid (sgpH); ¢, width of spermatogenic cell pyramid (sgpW);
d, diameter of Sertoli cell (S); e, diameter of Sertoli cell nucleus (SN); f, length of elongated oogonium (ogL). Abbreviation:
Cont., control individuals; MP, mantle pricked individuals; SSAE, only snake shed skin aqueous extract treated individuals;
MP+SSAE, snake shed skin aqueous extract treatment on mantle pricked individuals.
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Figure 12: Relative developmental variations of some acinar constituents between control and treated Onchidium tigrinum.
a, width of elongated oogonium (ogW); b, diameter of oocyte (oc); ¢, diameter of oocyte nucleus (ocN). Abbreviation: Cont.,
control individuals; MP, mantle pricked individuals; SSAE, only snake shed skin aqueous extract treated individuals; MP+SSAE,
snake shed skin aqueous extract treatment on mantle pricked individuals.
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Figure 13: Relative developmental variations of some acinar constituents between control and treated Onchidium tigrinum. a,
width of follicular layer (fl); b, width of follicular cleft (cf); c,length of periacinar cell (pc); d, diameter of interacinar cell (ic).
Abbreviation: Cont., control individuals; MP: mantle pricked individuals; SSAE, only snake shed skin aqueous extract treated
individuals; MP+SSAE, snake shed skin aqueous extract treatment on mantle pricked individuals
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Discussion

The Ptyas mucosus is a non-poisonous snake and preying
on rodents, toads, lizards and other snakes with a great
importance in the food chain of a terrestrial ecosystem. It
has beneficial effects to treat the rheumatoid arthritis and
various nameless pains [23]. The present study describes
the possible effects of the shed skin aqueous extract (SSAE)
of the Ptyas mucosus on the development of the ovotestis
constituents in the hermaphrodite slug, Onchidium tigrinum
for the first time. The morphoanatomical characteristics of
the ovotestis of O. tigrinum are mostly similar to those of the
other slugs [17,19,24]. In the present study, itis observed that
the morphostructural characteristics of the ovotestis acini
in the individuals of the control group are almost identical
with those of the only mantle pricked (MP) slugs and only
SSAE treated slugs, while those are drastically deviated in
the ovotestis of the SSAE treated mantle pricked (MP+SSAE)
slugs. It is presumed that like reproductive tissue, the
ingredients of the shed skin of the P. mucosus may have some
therapeutic effects in other tissues of various system (e.g.,
nervous system, olfactory system, etc.) on its direct contact
to the animal body fluid.

The gonado somatic index in the O. tigrinum clearly
shown that the normal development of the ovotestis is
drastically lower in the ‘MP+SSAE’ slugs and it may be due to
the cessation of the gonadal developmental by the ingredients
of the SSAE of P. mucosus and this kind of effects also found
in the reproductive system of the Swiss Albino mice on the
administration of the shed skin extract of poisonous snake
(e.g., Naja naja) [4,5].

Itis observed that the cytoskeleton of developing oogenic
cells is more damaged than that of the spermatogenic cells in
the acini of ‘MP+SSAE’ treated slugs. It is presumed that a
dose control subcutaneous administration of the SSAE of the
nonpoisonous snake may arrest or inhibit the oogenesis in a
hermaphroditic gonad and acts as a zootherapeutic resource
to conversion of the hermaphroditic gonad to the male-
specific gonad in the animal groups but this requires further
investigations.

According to the molecular evolution the non-poisonous
snake family Colubridae (e.g., Ptyas mucosus, Elaphe
bimaculate, etc.) and poisonous snake family Elapids (e.g.,
Naja naja, etc.) share a common ancestor group such as
Caenophidia [25-29]. It is assumed that, the residing factor
or bioactive molecules in the shed skin of both the non-
poisonous Ptyas mucosus and some poisonous snakes
(e.g., Naja naja, etc.) [4,5] may be similar to some extend
and therefore they have some kind of medicinal effects on
the reproductive tissues. Additionally, the Ptyas mucosus is
phylogenetically closely related to a monophyletic group of
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Elaphe genus (e.g., Elaphe bimaculate, Elaphe anomala, etc.).
It is presumed that the shed skin of all these nonpoisonous
snakes may act as zootherapeutic resource and use in some
treatments on their direct contact to the individual body
fluid.

The acinar boundary become characteristically
granulated in the ovotestis of ‘MP+SSAE’ slugs and may be due
to accumulation of the cellular products of the nucleated cells
in the acinar boundary. The ornamentation of the developing
male and female gametes in the acini is greatly hampered and
bare nuclei of the developing gametes are frequently found in
several ovotestis sections in the individuals of the ‘MP+SSAE’
group. Several sections revealed that the accumulation of the
membrane bound cell cytoplasm is observed near the tail
region of the developing spermatids which may be released
as residual cell cytoplasm through the tail tips of the sperm
bundle [30]. It is found that the cell membrane and the cell
cytoplasm are more affected than other cellular components
and are drastically depleted around the developing oocytes,
Sertoli cells, spermatogenic cells. Some cytoplasmic blebbing
are found near the oolemma of the developing oocytes and it
may be due to the effects of necrosis of the gametes.

The Ptyas sp including P. mucosus is commonly found
in the forest floors, wetlands, rice paddies, farmland, and
etc. areas, where they prey upon small reptiles, amphibians,
birds, and mammals [31]. It is reported that the raw as
well as tanned skin of Ptyas sp is imported and exported in
various countries (e.g., China, Indonesia, etc.) with a good
commercial value [32-33], whereas the shed skin of the
Ptyas is also frequently found in their respective habitats
as an inattentive waste material. The results of the present
study advocate that the direct contact of the of shed skin of
the P. mucosus to the body fluid has some detrimental effects
on the gametogenesis and may use as a zootherapeutic
materials in the animal development. This study may be
helpful in the conservation of the Ptyas species and other
nonpoisonous snakes for using the prospective values of the
shed skin extract in the pharmacology [1,2,23].

Conclusion

The present study described that the ovotestis of the
Onchidium tigrinum consist of numerous, small, ovoid-shaped
acini. The spermatogenesis and oogenesis are simultaneously
developed in the ovotestis acini. Only on direct contact of
the shed skin aqueous extract of the non-poisonous Ptyas
mucosus to the body fluid of the slug has highly detrimental
effects on the developing gametes. However, the structural
conformity of the developing oogenic cells is more damaged
than that of the developing spermatogenic cells. The study
advocates that the SSAE of the P. mucosus is performed as a
zootherapeutic resources and its constituents showing some
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therapeutic effects in the reproductive tissue of the slugs on
its direct contact to the individual body fluid.
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