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up to 100 mM, whereas SGSL is strongly inhibited by
both these sugars. Comparison with the Trichosanthes
cucumerina seed lectin (TCSL), which exhibits anti-
genic similarity with SGSL, again shows that the rela-
tive trends remain the same'’. Its binding to
thiodigalactoside is however nearly 4 times weaker than
to Gal and the lectin does not show a significantly
higher affinity for sugars with hydrophobic substituents
in the B-anomeric position. For example, the inhibition
of lectin-activity by PNPSGal is only 1.33 times that by
Gal, while the inhibitory potency of MUBGal is compa-
rable to that shown by Gal.

Carbohydrate binding, particularly of mono- and di-
saccharides, is the defining feature of lectins and the
basis of many methods of classifications of plant lect-
ins'®. Further, a good understanding of the primary
binding site. of lectins is critical in understanding the
evolutionary patterns that members of the same lectin
family might share. The haemagglutination-inhibition
“studies on the snake-gourd seed lectin suggest that like
other cucurbit seed lectins, the lectin recognizes galac-
topyranosides, i.e. the axial hydroxyl at C-4 position is
crucial for recognition by the lectin. The binding site of
the lectin prefers the B-anomer of galactopyranosides
compared to the a-anomer. Hydrophobic substituents at
C-1 greatly improve the inhibitory potency of the li-
gands in these experiments, possibly due to favourable
hydrophobic interactions at or close to the sugar-binding
site of the lectin. The C-2 and the C-5 positions are not
critical for binding, although reducing possible hydro-
gen bonding interactions by substituting the hydroxyls
with -H, -CH,, CH;CONH- or -NH,, can reduce the
binding affinity. Comparison with reported agglutina-
tion-inhibition trends of various sugars for three other
cucurbit seed lectins, M. charantia lectin, T. kirilowii
seed lectin and T. cucumerina seed lectin, indicates that
despite gross similarities in sugar binding displayed by
them, fine variations exist among these four lectins,
which could be found useful in investigations on
glycoconjugates and in the study of cell-surface archi-
tecture.
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Dialogue between Sertoli cell and peritubular cell
appeared to be disturbed, leading to various lesions
in boundary layers of seminiferous tubules of zinc-
deficient Wistar rats. Structural deformities included
thickening of coliagen fibres, accumulation of oede-
matous fluid, increased vacuolization in endothelial
cells, several infoldings in lamina propria and exten-
sive damage of boundary layers. Thus the arrest
of spermatogenesis, a common feature of zinc
deficiency, might be because of alternations in the
microenvironment of seminiferous tubules owing to
pertuberations in the boundary layers of seminifer-
ous tubules.

ZINC deficiency leads to gonadal dysfunction, decreases
testicular weight, causes shrinkages of seminiferous tu-
bules, alters testicular steroidogenesis and defective
capacitation of sperm'™®. The importance of the dialogue
between peritubular myoid cells and Sertoli cells has
been demonstrated in the fetal testis, the prepubertal
testis and the adult testis”™ ", Peritubutar cells insure the
structural cohesion, contraction of scminiferous tubule
and arc known to be one of the constituents of blood
testis barrier'™ 8, In cooperation with Sertoli cells they
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produce the extracellular matrix (ECM) which in turn is
responsible for cell migration, proliferation, differentia-
tion, polarity stabilization of phenotypic expression,
gene expression and responscs to various paracrine and
humoral factors including growth factors'®?', Various
kinds of abnormalities in boundary tissues have been
reported in subfertile and infertile humans®2,

The present study was designed to analyse the effect
of dietary zinc deficiency on boundary layers of
seminiferous tubules of Wistar albino rat, so as to
evaluate the importance of zinc not only in maintaining
the structural and functional integrity of various cell
types of seminiferous tubules as revealed by many in-
vestigators but also to find out any change in boundary
layers.

Weanling Wistar albino rats grouped as control (ZC),
pairfed (ZPF) and zinc-deficient (ZD) were housed in-
dividually in polypropylene plastic cages with stainless
steel grills. ZC and ZPF groups received a diet with
100 ppm zinc for 2, 4, 6 and 8 weeks. The ZPF group
received 100 ppm zinc diet equivalent to that consumed
by the ZD groups, whereas ZD groups were fed on zinc-
deficient diets (1 ppm) for 2, 4, 6 and 8 weeks. The ba-
sal diet was prepared according to Wallace et al.®® and
all the groups received demineralized water ad libitum.
The cages, grill and bottles were washed daily with tap
water, twice with demineralized water and then with
10% EDTA (ethylene diamine tetraacetic acid) to pre-
vent any contamination. Zinc was estimated by wet as-
say method on GBC-902 double beam atomic absorption
spectrophotometer in air acetylene flame at 213.9 nm.
Behavioural changes and other symptoms of zinc defi-
ciency were also recorded. Daily consumption of diet,
body weights of animals after every week and wet
weight of tissues at the end of experiment were also re-
corded and evaluated statistically.

Animals were autopsied under mild anaesthesia after
2, 4, 6 and 8 weeks and small pieces of testes from each
group were quickly fixed in ice cold Karnovsky’s fixa-
tive (5% glutaraldehyde —~ 4% paraformaldehyde in
0.2 M cacodylate buffer, pH 7.2) for 18 h. The tissues
were frequently washed with 0.2 M cacodylate buffer
containing 5% sucrose, postfixed with 1% osmium
tetroxide buffered with Caulifield’s for 4 h at 4°C, de-
hydrated in graded series of alcohol and embedded in
Spurr low viscosity resin. Ultrathin sections were cut on
LKB-III ultratome, the sections were stained with uranyl
acetate and lead citrate, then examined and photo-
graphed on Philips CM-100 electronmicroscope at
AIIMS, Delhi.

Wistar albino rats fed on zinc deficient diet (1 ppm)
for 4, 6 and 8 weeks exhibited several physiological
changes like anorexia with a cyclical pattern of food
intake and growth retardation.

“Zinc concentration decreased insignificantly in 2ZD
and 4ZD groups and significantly in 6ZD and 8ZD
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groups as compared to their respective ZC and PF
groups (Table 1). The tunica propria (boundary tissue)
of seminiferous tubules from control and pairfed groups
comprised of elongated endothelial cells surrounded by
extracellular material (ECM) consisting of basal lamina
and thin collagen fibres (Figures 1-3). Parallel were the
observations in 2ZD group (Figure 4) but as the period
of experimental zinc deficiency was extended to 4, 6
and 8 weeks the insults to the region were more promi-
nent. Further, the damages within the group and around
the same tubule also varied, e.g. in 4ZD group at one
place only few cellular debrises in the layers could be
seen whereas at another region the endothelial cells ex-
hibited loss of its characteristic spindle shape, several
vacuoles and thickened layers of collagen fibres with
accumulation of oedematous fluid (Figure 5). Tunica
propria from 6ZD group displayed a few remnants of
boundary tissue and the endothelial cells were com-
pletely damaged with very thin cytoplasmic processes.
The intercellular connections were also lost. The lamina
propria has lost its continuity and displayed many in-
foldings and thickening of the layer of collagen fibres
(Figure 6). 8ZD group illustrated complete loss of the
boundary tissues (Figure 7).

Growth retardation due to zinc deficiency observed in
the present study is correlated to impaired enzyme ac-
tivity, disturbed protein synthesis, anorexia and recur-
rent diarrhoea? . Bushwell and Levin®® reported that
zinc deficiency did not significantly affect relative organ
weights, which also supports the present study (4ZD,
6ZD and 8ZD groups) (Table 2). Various abnormalities
such as mature basal laminae with thickened and deep
invaginations, decrease or increase in the number of
peritubular cells/cross section, thickening in lamina pro-
pria due to alternations in nuclear volume of peritubular
cells, increased deposition of collagen fibres and muco-
polysaccharides have been reported from cryptorchid
human testes’’ . Parallel are the observations in the
boundary layers of 4ZD and 8ZD seminiferous tubules
(Figures 5 and 7). These differences might be related to
variable degree of lesions in both the Sertoli cells and
peritubular myoid cells. Sertoli cells secrete collagen,
laminin, chondroitin and keratan sulphates whereas the
myoid cells synthesize collagen, fibronectin, chondroitin
sulphates and these components lead to the formation of
ECM of lamina propria****, It is possible that the coop-
eration between Sertoli cells and peritubular myoid cells
might have been lost in various zinc-deficient groups
(4ZD, 6ZD and 8ZD) (Figures 5-7) and as a result an
abnormality in the synthesis of ECM could have oc-
curred, leading to disruption in the boundary tissues of
seminiferous tubules. Within tubules, the ECM is known
to promote normal histotypes of both peritubular cells
and Sertoli cells, the latter being connected to the basal
lamina by hemidesmosomes*®*’. ECM promotes and
maintains cell polarity, Sertoli cell migration and tubule
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Figure 1. Electromicrograph of 2ZC group testis illustrating normal Figure 3. Ultrastructural details of seminiferous tubule of 8ZC
features of boundary tissue (bt) with layers of basal lamina (bl), group displaying Sertoli cell (S), spermatocyte (Sc) and boundary
collagen fibres (cf) and endothelial cells (ed.) (x10,000). tissue (Bt) (x 12,650).

Figure 2. Boundary tissue of seminiferous tubule of 2ZPF group Figure 4. The boundary layers of seminiferous tubule of ZZl') group
displaying basal lamina (bl), endothelial cell (ed) and collagen fibres consists of basal lamina (bl), collagen fibres (cf) and endothelial cells
{cf) (x20,000) (ed). Normal Sertoli cell is also lying adjacent to the layer (X 10,000).
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Figure 5. Boundary wall of seminiferous tubule of 4ZD group ex-
hibiting layers of lamina (bl), layer of collagen fibres (cf) and exten-
sions of endothelial cells (ed). Ocdematous fluid is visible around
endothelial cell (x 12,500).

Figure 6. Flectronmicrograph from 6ZD group displaying a large
necrotic arca {INA) in basal part of seminiferous tubules. The bound-
ary tissue (Bt) consists of basal laminae (bl), endothelial cell (ed)
and collagen fibres (cf) which appear thicker in some area. An ac-
cumulation of oedematous fluid is also present below the highly
folded outer limiting membrane (x 12,500).

614

group illustrating

layers (BI) of 8ZD
extensive damages. Spermatogonia (Sg) are present adjacent to layer
(x8,200).

Figure 7. Boundary

cord formation'?***°, Cell polarity is a pre-requisite for
normal Sertoli cell function which includes formation of
the Sertoli cell barrier and vectorial secretion®®". It also
enhances the Sertoli cell-germ cell complex of adeny-
late cyclase, maintains the differentiated status of Sertoli
cells morphology, function and decreases FSH-
dependent aromatase activity™™ .

Peritubular cells also produce a protease inhibitor in-
volved in degradation of the basal lamina during early
spermatocyte translocation and inactivate Sertoli cell
plasminogen activator®62. Tt also serves as a component
of blood testis barrier'"'®. The loss in structural integ-
rity of myoid cells under zinc deficiency states might
have led to impairment in the blood testis barrier func-
tions of the tubule, hence to many destructive changes
inside the seminiferous tubule. This has been well illus-
trated by the 8ZD group testis with complete loss in the
boundary layers of the tubule and become very thin
(Figure 7). Similar structural abnormality has been re-
ported in sub-fertile and infertile humans®,

Accumulation of oedematous fluids in different layers
of boundary tissues in a zinc-deficient condition might
be due to excess of histamine release as zinc is known to
inhibit the redistribution of intracellular calcium which
results in an impairment of histamine release, thus pre-

venting oedema formation®.
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Although molecular mechanism of the interaction of
Sertoli cell with peritubular cells is not well understood,
experiments have shown that disruption of Sertoli cell
function, resulting from a depletion in the number of
late spermatids is followed by dramatic structural alter-
nations in peritubular tissues and peritubular cell mor-
phology®®.

The testis is known to require a well-controlled
mechanism of efficient coordination of the function of
the different cell types and the zinc deficiency leads to
many structural anomalies in boundary layers of
seminiferous tubules, which might lead to destructive
changes inside the tubule as a result of loss of blood
testis barrier and damages in extracellular matrix. This
might have resulted in impaired Sertoli cell polarity,
differentiation, migration, proliferation and destabiliza-
tion of phenotypic expression as a consequence of de-
fective response to various paracrine and humoral
factors.
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Biological reworking of sediments by
crabs: A cause for erosion of the
Digha beach, West Bengal

C. De
Geological Survey of India, 15 Kyd Street, Calcutta 700 016, India

Beach erosion in and around Digha, West Bengal, a
perennial problem for developmental work, is related
to exceptionally high rate of organic reworkings of
backshore to upper foreshore soft sediments. Exten-
sive burrowing activities, especially by typical sandy
beach crab Ocypode spp., produce a characteristic
bioturbated top layer (1-1.5 m thick) having very
high concentration (55-80 m™ area) of intercon-
nected complex burrow cavities, which weaken and
divide the coherent layer into numerous small sedi-
ment blocks amenable to quick erosion by wave and
tidal actions. Repetition of this process over the
years has been significantly enhancing long-term
erosion of the Digha beach.

EROSION of the Digha beach, West Bengal, has been a
matter of serious concern over the years for develop-
mental work of the area including its tourism industry.
The erosional process has so far been interpreted to be
solely related to some critical physical and hydrody-
namic prccondilions'"3 such as beach orientation, angle
of wave approachability, tidal current velocity and so
on. Construction of gravel barriers and mangrove plan-
tation has been used as remedial measure to check
coastal decay which, however, remains unabated. After a
brief pause of three to four years, severe erosion of
coastal tract by no less than 20 m in width and 10 km in
length was recorded in 1997 at Digha,

Biocrosion® is an important process in marine sedi-
mentation and benthic ecology®, No less than 12 animal
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phyla, several plant groups and protozoans are important
agents in marine bioerosion. Of these, fungi, algae,
sponges, worms, gastropods, crustaceans, echinoids and
fishes are most active. Vast supratidal and intertidal
flats of the Digha coast harbour a myriad of burrowers
and borers. A majority of the crustaceans and gastro-
pods are found to be burrowers. Relative importance of
bioeroders may in some cases be greater than other ero-
sive agencies®. The Digha beach like many other tropi-
cal to subtropical soft beaches, is inhabited by decapods
in huge numbers. Most of them possess sharp hard parts
like pincers, walking legs, chela and mouth for excava-
tion of sediments. Decapod bioerosion of California
tidal flats® is comparable to that of the Digha beach.

The present neoichnological study has focused atten-
tion on the burrowing activities of the predominant de-
capod crustaceans along the coastal profiles developed
at Digha, Shankarpur, Junput and Bakkhali areas from
west to east on the Bay of Bengal coast (Figure 1a). Of
these, the Digha beach is being gradually eroded while

-others are stable. Size, shape and concentration of bur-

rows vis-a-vis their environmental zonation have been
studied and compared. The burrow cavities are repli-
cated by white paraffin wax casting method’.

The selected four areas exhibit development of com-
parable geomorphic profiles which include wide back
swamps with salt marshes (clays and silts), mobile beach
dunes (medium to fine sands), supratidal backshore
(intercalated sands, silts and clays) and intertidal fore-
shore (sands and silts with little clays, MZ 2.75 phi to
1.4 phi) from land (north) to sca (south). The width of
the beaches varies from 750 m at Junput to 1.25 km at
Shankarpur. The statistical beach orientation is azi-
muthal 75°-255°,

The areas experience maximum 40°C to minimum
22°C annual range of temperature, 1480 ¢cm to 2400 cm
of annual rainfall, 25% to 38% of salinity range, pH
variation 7.6-8.5, maximum spring tidal rangc 6.5-
7.6 m, maximum neap tidal range 2-2.5 m, north-south
both ways wind actions, scasonal premonsoon cyclonic
storms (southcast to northwest) and wave action ap-
proaching the beach at 70°-85°,

Crabs, namely Ocypode ceratophthalma (pallas),
0. cardimana (Dcsmarest), Q. macrocera (Edwards),
O. stimpsoni (Ortmann), Uca marionis (Desmarest) and
Hyoplax pusillus (De Hann), are found to burrow ha-
bitually in immense numbers all over the coastal profiles
of the studied arcas. Ocypode spp., being the most
abundant in number, produces characteristic I J, U, Y,
multibranched Y and complex network burrow systems
on the backshore and foreshore arcas defining a con-
spicuous burrow zone running all along the Bay of
Bengal coast,, The old individuals produce short and
thick (45 cm long and 10-25 cm circumference) burrows
sclectively in the backshore depressions, The burrows
eventually join together, forming huge and complex
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