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Abstract

Objective: The leaves of Azadirachta indica A. Juss was tested to find the antispermatogenicity in
seminiferious epithelium of rats. Materials and methods: Male albino rats were administered orally
(by gavage), 100 mg/ body weight Azadirachta indica leaf powder with or without testosterone (IM).
Suitable controls were maintained. Results: Damaged seminiferous tubules and abundance of vacuoles
of varying size were observed in Azadirachta indica treated rats. The germ cells showed overall
decrease in cytoplasmic ground substance. Leydig cells exhibited characteristics of degeneration with
condensed nuclei. Total count of spermatocytes, spermatids and Leydig cells were reduced. The cell
and nuclear diameter of spermatogonia, spermatocytes, spermatids and Leydig cells were also reduced.
Conclusion: From the results obtained, it can be observed that Azadirachta indica effects on the testis
are possibly due to gonadotrophic hormone deficiency, caused directly or indirectly. The probable
mode of antiandrogenic and antispermatogenic actions of the medicinal plant is discussed.
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1. Introduction

Male reproductive physiology isfairly smple, ~ contraceptive technology lies in the
involving two basic mechanisms, namely, phytochemical approach. Indiaisgifted with an

spermatogenesis and androgenesis. I nterference, abundance of natural remedies in the form of
particularly in the spermatogenic processwould ~ erbs, shrubsand mineral elements. Tribal people
be theoretically simpler than with the female ~ &€known to usedecoctions prepared from plant
reproductive system. Hence, there is pertinent materialsboth o.ral ly andlocally in an attempt to
need to emphasize male fertility regulation, in ~ Préventconception.

the control of birth [1]. Among the major  Azadirachta indica A. Juss (Syn: Melia
approaches towards male fertility control, the azadirachta), belonging to thefamily Meliaceae,
phytochemical approach has yielded partial  commonly known as neem, is an important
success, but itisbelieved that thefutureof male  medicinal plant, cultivated throughout Indiaand
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Burma [2,3]. This plant is extensively used as
astringent, antiperiodic, antispirochaetal,
antiprotozoal; for cure of leprosy and bronchitis;
for healing ulcersin urinary passages, for chronic
fever and so on [2-6].

Additionally, leaves of A. indica (a) possess
emmenagogue, antiimplantational, spermicidal,
antifertility, and antispermatic activities [7-11];
(b) cause decrease in the weight of accessory
glands, such as seminal vesicle and ventral
prostate; (c) cause decrease in serum levels of
testosterone in rats. Several of these effects
appear reversible [12-14]. The morphological
changes in the head of rat spermatozoa, sperm
parameters and ultrastructural changesin testes,
induced by A. indica leaves have been reported
[15-17].

Recently, it has been shown that thisleaf powder
adversely affects on sperm parameters, fructose
levels in vas deferens fluid; structural changes
in prostate gland and vas deferens and cauda
epididymal epithelial cell typesin rats [18-20].
Inthelight of these observations an attempt has
been made to delineate the histological changes
within the seminiferous epithelium and it seemed
to be of interest to explore as to how this plant
affectsthe spermatogenesi s process.

2. Materialsand methods
2.1 Plant Material

Theleavesof Azadirachtaindica were collected
locally and dried in shade. Thedried leaveswere
coarsely powdered and the powder was
guantitatively suspended in distilled water for
oral administration (by gavage) to albino rats.

2.2 Animals

Three months old adult male albino rats (Wistar
strain) weighing 170-200 g were obtained from
therat colony maintained inthe department. They
were housed under well ventilated light-dark
schedule with free accessto food and water.

2.3 Experimental procedure

Theanimalswere divided into four groups, each
consisting of 10 animals.

Groupl: Theanimalsweregiven 1 mi of distilled
water/rat/day for a period of 48 daysand
served as controls.

Group Il: The animals were given 500 mg/kg
body weight of leaf powder/day for a
period of 48 days.

Group Ill: The animals were given a dose of
0.25 mg/ kg body weight of testosterone
(im)/ day for aperiod of 48 days.

Groups |V: The animals were given 500 mg of
leaf powder (by gavage) and 0.25 mg of
testosterone (im)/ kg body weight/day for
aperiod of 48 days.

Five animals from each group were used for
fertility test.

Twenty-four hours after thelast dose, the control
and treated animals were given mild ether
anaesthesia.

2.4 Histology and histometry

After vascular perfusion, testes were removed
and fixed in gluteraldehyde and prepared for
transmission el ectron microscopic studies, post-
fixed in 1% osmium tetroxide, embedded in
araldite and semi-thin sections (100-200 pm)
were obtained in a Leica LKB broma
Ultramicrotome. Such sections were immersed
in 4% iron alum for half an hour to remove
araldite (because, with araldite the sections do
not take stain with haematoxylin). For
histometrical studies, a calibrated ocular
micrometer (Erma, Japan) was used. From each
testis, 20 sections randomly were used in each
group, to record the data.

2.5 Fertility test

To assess the fertility rate with reference to the
number of implantations, the female rats of
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Table 1.

Effect of treatment of A. indica leaf powder, testosterone and leaf powder + testosterone on total count
of seminiferous tubules, germ cells, Leydig cells and Sertoli cells of the testis of albino rats (Values are
expressed in SEM of 5 animals).

Group Number of Spermato- Spermato- Spermatids Leydig cells Sertoli cells
seminiferous tubules  gonia cytes
in microscopic
field (10X)
| Control 16.70 = 1139+ 627.65 = 979.45 39.90 = 234+
0.16 2.38 2.92 3.20 0.42 0.46
Il A indica leaf 2390 89.55 = 112,95 + 89.85 218+ 19.95 +
powder 0.35*** 1.76 2.21*%** 3.57x** 0.28*** 0.55***
Il Testosterone 16.50 + 123.85 = 655.00 * 1160.5 41.25 227
0.15 1.26 221 3.18*** 0.51 0.45
IV Aiindica leaf 16.80 = 111.35 + 618.25 = 964.25 36.70+ 21.65 %
powder + 0.16 1.42 3.20 3.82 0.46*** 0.62
Testosterone
***p<0.001

proven fertility, exhibiting regular estrouscycles
and those in early proestrous and estrous stage
were separately housed with the males of groups
[, I, Il and IV and left overnight. The
appearance of spermatozoain thevagina smear,
next morning confirmed the mating and was
considered asday 1 of pregnancy. After 8 days,
the female animals were laparotomized and the
numbers of implantations were recorded. The
number of pups and their weights on day 1 and
after one week were recorded.

2.6 Statistical analysis

Thedataarerecorded asmean+ SEM. Statistical
comparison of data was done using one way
Anova test followed by Dunnett test and
probability level of p£.001 was considered as
significant.
3. Results

Thetestisof control ratsexhibited different stages
in seminiferous elements comprising of germ
cells, Sertoli cellsand interstitial cellswhich are
normal in their appearance. Stage VII of the

spermatogenic cycle of the normal rat testis
exhibits spermatogonia, and preleptotene and
pachytene spermatocytes. Round spermatids
showed characteristically polarized nuclei,
elongated spermatids and Sertoli cells (Fig. 1).

Theacrosomeof stage V11 or V11 spermatidsface
thegenerd direction of the lumen ([J)) and some
face the basal lamina, VIl stage spermatids
showing normal structure and elongated
spermatids (step 19 or presumably spermatozoa
are seen with Sertoli cells residual bodies were
also apparent (Fig. 5). Leydig cells (LC) within
the testis exhibited normal morphology,
distribution within intertubular tissue and the
empty appearance of the tissue represents the
interstitial fluid-filled lymphatic sinusoid (Fig. 10).

The animals fed with Azadirachta indica leaf
powder showed different stages of damaged
seminiferous tubules that exhibited abundant
vacuoles, including intraepithelial vacuoles, of
varying size. Appearance of many vacuol es start
from one cell layer away from the basal lamina
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Table 2.

Effect of treatment of A. indica leaf powder, testosterone and leaf powder + testosterone on diameter of
seminiferous tubules, germ cells of the testis of albino rats (Values are expressed in SEM of 5 animals).

Group 10X 100 X
Seminiferous tubules  Spermatogonia  Spermatocytes ~ Spermatids
| Control 256.90 + 2.11 11.35+ 0.12 975+ 0.11 910+ 0.11
Il A indica leaf powder 179.20 £ 1.93*** 6.20 £ 0.09*** 565+ 0.08 *** 525+ 0.09***
111 Testosterone 259.15 + 2.14 11.60 + 0.10*** 9.90 + 0.11*** 9.50 £ 0.10***
IV A.indica leaf
powder + Testosterone 24850 + 3.19 10.90 +0.11*** 945 + 0.10*** 9.00 £ 0.10** *
pH.001 ***
Table 3.

Effect of treatment of A.indica leaf powder, testosterone and leaf powder + testosterone on nuclear
diameter (um) of the germ cells of the testis of albino rats (Values are expressed in SEM of 5 animals).

Group

100 X

Sper matogonia

Spermatocytes

Spermatids Leydig cells

10.45+ 0.10
5.35+ 0.08***

| Control
Il A.indica leaf powder

8.40+ 0.10
420+ 0.08 ***

7.65+0.10
3.80 + 0.08***

8.25+ 0.09
4.15 + 0.07***

Il Testosterone 10.70 + 0.10***  8.70 + 0.12*** 8.10 + 0.09***  8.60 + 0.11***
IV A indica leaf 10.25 + 0.09***  8.25 + 0.10*** 7.60 £ 0.10 8.05 +0.08***
powder + Testosterone
pH.001***

of thetubulesand exhibit exfoliation. Therewas
lack of round and elongated spermatids and
pachytene spermatocytes underwent degeneration
(Hallow arrow heads, Fig. 2 and 6), at the base
of the layer, the Sertoli cell nuclei (Sn) appear
normal (Fig. 2).

The germ cells showed overall decrease in the
cytoplasmic ground substance, degenerating
spermatocytes showed the characteristic of
vacuolization (V) and a few of them had
disrupted nuclei (Figs. 2,6 and 7). Leydig cells
exhibited clearly, characteristics of degeneration
asaresult of phagocytosis by macrophagesand
their nuclei were condensed or had irregular
shape, which is evidence of complete
degeneration of the Leydig cell (Fig. 11). The

number of seminiferous tubules was increased
significantly (p£.001) per microscopic field
(Table 1) and the diameter of the tubule was
reduced significantly (p£.001, Table 2).

Total count of spermatocytes, spermatids and
Leydig cellswere significantly reduced. Where
as spermatogonia were slightly decreased
(p0.01, Table 1). The diameter of the
spermatogonia, spermatocytes and spermatids
were significantly reduced (p£.001, Table 2).
The nuclear diameter of the spermatogonia,
spermatocytes, spermatidsand Leydig cellswas
reduced significantly (p£.001, Table 3).

The animals treated with testosterone showed
hyperactive germ cells and Leydig cells. Each
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Fig. 1: Section of the seminiferous tubules of control rat
exhibiting stageswith normal features consisting of germ cells,
Sertoli cells and interstitial elements. Note: Stage VI
seminiferous tubule showing germ cells, Sertoli cells (S) and
Leydig cells (LC) with normal morphology. The intertubular
space containsthe interstitial fluid-filled lymphatic sinusoids
(arrow heads) X 400.

Fig. 2: A damaged seminiferoustubulefrom Azadirachtaindica
leaf powder treated rat showing intra-epithelial vacuoles of
varying size, exfoliation and the germ cellsare depleted. Note:
Degenerating spermatocytes exhibited the characteristic of
vacuolization with disrupted nuclei (hallow arrow heads) The
vacuoles are positioned or start one cell layer away from the

basal lamina (BL) towards the lumen of the tubules (*) The
Leydig cellsexhibit the characteristic of degeneration (arrows)
X 400.

Fig. 3: Section of the seminiferoustubulesof testosteronetrested
rat. Note: V11 or V111 stage of the seminiferous tubule shows
active spermatogenesis and Leydig cells (LC) are seen
compactly arranged in the tubule X 400.

Fig. 4. Sectionof the seminiferoustubulesof Azadirachta
indica leaf powder and testosteronetreated rat. Spermatogenesis
appears normal. Tubules contained many more round
spermatids, themajority of which arecorrectly aligned and few
elongated sperms are seen. Leydig cells (LC) show normal
rounded nuclei X 400.
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Fig. 5-9: Sections of the part of seminiferoustubulesat higher
meagnification.

Fig. 5: Seminiferoustubules of control rat stage V11 or V111 of
the seminiferous tubule, the acrosome of spermatids face the
general direction of the lumen and towards the basal lamina.
Step 7 spermatids exhibit normal appearance and elongated
spermatids (step 19) or presumably spermatozoaand residual
bodies (RB), are also apparent. X 800.

seminiferous tubule revealed a typical adult
organization of the spermatogenic cells and
Sertoli cells, with tubular wall and basement
membrane. V1I or VIl stages of seminiferous
tubules showed active spermatogenesis and the
basement membrane contained well devel oped
spermatogonia, Sertoli cell nucleus,
preloptotene and pachytene spermatocytes,
round spermatids, elongated spermatids and

Fig. 6 & 7: Seminiferous tubules of
Azadirachtaindica leaf powder treated
rat.

Fig. 6: There is commencement of
degeneration of germ cells (arrow heads)
followed by vacuolization (V) of the
basal lamina (BL) towards the lumen.
Sertoli cells nuclei (Sn) at the basal
laminaappear normal X 1000.

Fig. 7: The germ cells show overall
decrease in cytoplasmic ground
substance and characteristic of
degeneration with disturbed nuclei
(arrow) in highly vacuolated cytoplasm
X 800.

Fig. 8: Seminiferoustubulesof thetestosteronetreated rat. Stage
V11 of thetubule exhibiting hyperactivity of spermatogenesis X
800.

Fig. 9: Seminiferoustubules of Azadirachtaindica leaf powder
and testosterone treated rat. All the components and features
aresimilar to those of control rat seminiferoustubules X 1000.

spermatozoa, soon to bereleased into thetubular
lumen (Figs. 3, 8 & 12).

The number of seminiferous tubules per
microscopic field and the diameter of the
seminiferoustubulesdid not show variation. The
total count of the spermatogonia, spermatocytes,
Sertoli cellsand Leydig cellsdid not much show
variation from the control rats.
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Table 4.

Effect of treatment of A. indica leaf powder, testosterone and leaf powder + testosterone on the
implantations, number of pups and their body weight of female rats, mated with treated male rats

(Values are expressed in SEM of 5 animals).

Group Number of Number of Pups Body weight (gm)
implantations 1day 1 Week

| control 8.20 + 0.36 8.00 + 0.32 573+ 0.07 9.66 + 0.04

Il A. indica leaf powder — — — —

111 Testosterone 8.00 + 0.32 7.80 + 0.26 5.74 +0.03 9.66 + 0.04

IV A.indica leaf powder + 8.20+ 0.33 7.80+ 0.30 572 +0.03 9.67 + 0.04

Testosterone
However, spermatids were increased + 0.32 and the body weight of one-day old pup

significantly (p£.001, Table 1). The diameter
of spermatogonia, spermatocytes and spermatids
wereincreased significantly (p£.001, Table 2).
Nuclear diameter, spermatogonia, spermatocytes,
spermatids and Leydig cells were increased
significantly (p£.001, Table 3).

Spermatogenesisappearsqualitatively normal in
the animal streated with the combination of leaf
powder and testosterone. Tubules contained many
round spermatids with polarized nuclei, the
majority of which were correctly aligned. Few
elongated spermatids and residual bodies were
also apparent. Sertoli cellsarenormal (Fig. 4 &
9) and L eydig cellsappear normal with rounded
nuclei (Fig. 13).

Histological examination of thetestisrevealed
that total count of Leydig cell, diameter germ
cells were increased significantly (p£.001,
Tables.1 & 2). Also nuclear diameter of
spermatogonia, spermatocytesand Leydig cells
were shown significant (p£.001, Table3). And
rests of the parameters were similar to the
control animals.

The female rats mated with control male rats,
showed thefollowing observations. Thenumber
of implantations were 8.20 + 0.36 on day 8 of
pregnancy. Number of pups obtained was 8.00

was 5.73 + 0.07 gm and those of one week old
was 9.66 + 0.04 gm. No implantations were
observed in the female rats, mated with |eaf
powder treated malerats.

Inthefemal e rats mated with testosterone treated
mal e rats, the number of implantationswere 8.00
+ 0.32, the number of pupswas 7.80 + 0.26 and
the body weight of one day old pupswas5.74 +
0.03 gm and one week old pupswas 9.66 + 0.04
gm, respectively. Female rats mated with leaf
powder and testosteronetreated mal e rats showed
the number of implantations was 8.20 + 0.33,
the number of pupswas 7.80 + 0.30 and the body
weight of the pups on day one and one week of
age were 5.72 + 0.03 gm and 9.67 + 0.04 gm,
respectively (Table 4).

4. Discussion

Androgen is essential for most of the stages of
spermatogenesis, meiosis in particular. Sperm
production cannot proceed optimally to
completion, without a continuous androgen
supply. Interference of testosterone production
leads to atrophy of the organ and impairment of
spermatogenesis [21]. It has been reported that
reducing testicular weight and maturational arrest
of the primary spermatocyte manifest androgen
deficiency [22].



R. H. Aladakatti et al. / Journal of Natural Remedies, Vol. 6/1 (2006) 62 - 72 69

Figs. 10 -12: Interstitium of rat testis (X 800).

Fig.10: Leydig cells (L C) exhibiting normal morphology and
distribution within intertubular tissue and Leydig cells with
empty appearance of thetissuerepresentstheinterstitial fluid
filled lymphatic sinusoids (arrow heads).

Fig.11: Interstitium of Azadirachtaindica leaf powder treated
rat. The degenerating Leydig cell with condensed nuclei (arrow
head) and compl ete degeneration of Leydig cells (*) isevident.

Fig.12: Intergtitium of testosteronetreated rat, exhibiting normal
appearance with interstitial fluid lymphatic sinusoid, as in
contrals.

Fig.13: Interstitium of Azadirachta indica leaf powder and
testosteronetreated rat. Leydig cells (L C) showsnormal features
asincontrols.
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In the present study the antispermatogenic
activity of Azadirachtaindica isreflectedinthe
arrest of spermatogenesis. The morphometric
analysis confirms the adverse effect on the
spermatocytes, spermatids and Leydig cells.
Similar observationsrelated to the unique nature
of changesin the seminiferoustubuletreated with
different partsof plant extracts have been assayed
so far, in the perspective of male antifertility.

To quote a few, Ocimum sanctum [23],
Aristolochia indica [24], Allium sativum [25],
Malviscus conzatti [26, 27], Andrographis
paniculata [28], Vinca rosea [29], vincristine,
an alkaloid of Vinca rosea [30, 31], Carica
papaya [32], Euphorbia nerrifolia [33],
Momordica charantia [34] and Cocculus
pendulus [35] have been studied in thiscategory.

Stage VI or VIII of the spermatogenic cycleis
known to be particularly sensitive to hormone
deprivation/withdrawal [36-39]. Consistent with
thisview, isthe observation of somedegenerating
pachytene spermatocytes and round spermatids
inthe present study.

The development of vacuoles occurred chiefly
in stage VII or VIII tubules at or above the
position of the Sertoli cell nuclei and in
association with the appearance of cavities,
around the primary spermatocytes and towards
the lumen. They are similar to the vacuoles
described in the degeneration of germ cellsin
hypophysectomized and hormone treated rats
[36]; in short-term hypophysectomized rats [40]
and in testosterone withdrawal of rat [38]. Also
in plant seed extract [41] and indinopyridine
CDB-4022 [42] treated rats.

Itisnot known if vacuole formation occursasa
direct consegquence of germ cell necrosisorisa

non specific response of the Sertoli cells to
androgen deprivation [38]. The concurrent
appearance of numerous smaller vacuoles
represent amorphological indicator of Sertoli cell
damage. Support for thisidea hasbeen provided
by recent studies[38, 40].

The process of spermatogenesis is androgen
dependent [43]. Inthe present study, significantly
reduced number of Leydig cells, nuclear diameter
and degeneration of these cellsreflect depletion
of androgen levels. Decreased number of
germind cellsi.e., spermatocytes, spermatidsand
their nuclear diameters support the observations/
hypothesis/ view, since these stages are
completely androgen dependent [44].

Similar observations have been made in recent
studies of Colebrookia oppositifolia, leaf extract
[45], Sarcostemma acidum, stem extract [46],
ethanolic extract of Amalakyadi churna [47],
seed extracts of Crotalaria juncea [48] and
methanolic pod extract of Albizzialebbeck [49]
inmalerat and mice.

Thusinthe present study, the histoarchitechture
and morphometric analysisreveal ed the adverse
effect of Azadirachta indica leaves on the rat
testis including tubular atrophy, along with the
abnormal histological appearance of the
seminiferous epithelium and the Leydig cells.

Thismay be dueto curtailing of androgen supply
within the testis or it may be a direct effect of
thisplant extract on thetissue and it appearsthat
Azadirachta indica effects on the testis are
probably dueto direct or indirect gonadotrophic
hormone deficiency. Further studiesarerequired
toidentify the exact sitesand reasonsfor vacuole
formation in spermatogenesis.
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