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returned to normal in the 0.5-Gy group but remained

elevated in the 3.0-Gy group (+41%, P < 0.01).
In the hepatic HMS activities, a tendency to decreased

values was observed in the exposure groups at most of

the follow-up time points, but the only significant change

was a decline 41% (P < 0.05) below control levels by day

3 1 in the 0.5-Gy group (Fig. 3). No significant changes

were detected in the testicular HMS levels between irra-

diated and control animals; however, at 3 1 days postir-

radiation this activity was elevated (+32%, not signifi-

cant) in the 3.0-Gy group, whereas a decreased level

(-24%, not significant) was observed in the 0.5-Gy group

(Fig. 3).

Discussion

Although the testis is an extremely radiosensitive organ,

there are certain cell types that are radioinsensitive: the

interstitial cells, the cells comprising the tubular wall, and

the Sertoli cells. The intermediate and type B spermato-

gonia have the highest sensitivity to radiation. If their

sensitivity is indicated by 1 , the relative sensitivities of

other spermatogenic cell types are as follows: Type A

spermatogonia 70, spermatocytes 400, spermatids 300,

and spermatozoa 10,000 (Ellis, 1970). The human testes

respond to localized radiation as tow as 0.35 Gy (Sande-

man, 1 966), and we have found a significant mutagenic

effect with 0.5 Gy (Lahdetie and Parvinen, 198 1). Ac-

cording to quantitative analyses, most of the spermato-

gonia are reduced in number at 7 days after 3.0 Gy, while

most of the spermatocytes and early spermatids are re-

duced in number 3 1 days after 3.0 Gy (Dym and Cler-

mont, 1970; Kangasniemi et at, 1 990). The irradiation

dose of 3.0 Gy also has been observed to induce meiotic

micronuclei in early spermatids (Lahdetie and Parvinen,

1 98 1) and chromosomat abnormalities at the stem cell

level, resulting in deterioration of tong-term fertility (J#{233}-

gou et at, 1 99 1). In the liver, the effects ofthese irradiation

doses are minimal (Geraci et at, 1991).

In the present study, increased levels of diene conju-

gation were observed in the liver at 0.5 hours and in the

testis at day 3 1 after 3.0-Gy irradiation. The acute increase

after the exposure was expected. At day 3 1 the increase

in conjugated dienes is suggested to be associated with the

profound changes in cellular composition ofthe testis after

depletion of certain germ cell types. Simultaneously, ac-

tivities of lipid peroxide-metabolizing enzymes GSH-Tr

and GSH-Px were increased. The changes in conjugated

dienes are considered logical, but the changes in testicular

TBARS do not follow the pattern. Measurement of diene

conjugates is a direct method for detecting a class of in-

termediary peroxidation products (Corongiu et at, 1983).

Thiobarbituric acid test is an indirect method for detec-

tion ofa fraction oflipid peroxidation end products (Bird

and Draper, 1 984), and it has been criticized to possess

considerable drawbacks (Janero, 1 990). The TBA test is

not specific for lipid peroxidation products: acidity and

heat during the test can lead to generation of TBA-reactive

compounds from many nontipid molecules, and side

products of enzymatic eicosanoid formation respond in

the TBA test. In addition, under test conditions autoxi-

dation of polyunsaturated fatty acids (PUFA) is possible.

Butylated hydroxytoluene is used to prevent this, but de-

spite this, variations in many biological constituents of

the samples can influence the yield and distribution of

peroxidation products during the test. These include vari-

ations in free transition metals, antioxidants, hydrogen

atom donors, degree ofPUFA unsaturation, and chemical

interactions between aldehydes and simple sugars (Porter,

1984; Janero, 1 990). Thus, in complex biological samples

such as testis homogenate, the value of the TBA test as

an indicator of lipid peroxidation is poor. In the present

study, when there are changes in cellular composition of

the samples, we draw the conclusion that the amount of

TBARS in the testis does not reflect changes in lipid per-

oxidation. A clear explanation for the origin of the vari-

ations in testicular TBARS cannot be provided.

In the acute effects of irradiation to the function of

antioxidant enzymes, the clearest observation was the de-

crease in SOD activity in the testis at 0.5 hours, which

was not detected in the liver. The increase in the pro-

duction of the superoxide anion radical, the substrate for

SOD, is supposed to cause induction of this enzyme (see

Fridovich, 1983). However, ifthe hydrogen peroxide pro-

duced is not removed effectively enough by catalase or

GSH-Px, it is able to inactivate SOD (Bray et at, 1974;

Sinet and Garber, 1 98 1). Previously, SOD activities have

been found to decrease in prooxidant states such as in

cryptorchid rat testis (Ahotupa and Huhtaniemi, 1992)

or in rat liver after 8 Gy whole-body ‘y-irradiation (Ker-

gonou et at, 1 98 1). In accordance, acute exposure to hy-

peroxia inactivates SOD in the rat lung (Januszkiewicz et

at, 1 986), whereas prolonged sublethal hyperoxia results

in induction of pulmonary SOD and also other antioxi-

dant enzymes (see Fridovich and Freeman, 1 986). The

inactivation of SOD in the testis could be suggested to be

due to the tow physiologic activities ofcatatase and GSH-

Px in the testis compared to those in the liver, whereas

the activity of SOD is in the rat testis near the level ob-

served in the tiver(Pettola et at, 1992). The present finding

is in accordance with the proposed vulnerability of the

testis to prooxidant states. However, whether SOD in-

activation is a cause of increased oxidative injury or just

a consequence of the prooxidant state cannot be judged.

The different effect of0.5 and 3.0 Gy in the testis, despite

the similar reduction in SOD activities, could be associ-
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ated with the different effect ofthese doses on other parts

of the antioxidant defense system.

At 7 days postirradiation, induction of GSH-Px was

observed in the liver. At the same time, a significant in-

crease in the GSH-Tr activities and also slightly elevated

activities of catatase were detected in the testis. These

changes are suggested to be due to enzyme induction, as

they were similar with both irradiation doses. GSH-Px,

GSH-Tr, and HMS function in detoxification of the re-

active products formed in lipid peroxidation. In the adult

rat testis, GSH-Tr is a more important antioxidant en-

zyme than GSH-Px, compared to the activities of these

enzymes in the liver (Pettota et at, 1992).

The level of oxidative stress and the function of the

antioxidant enzymes were normalized in the liver by day

3 1 postirradiation, with the exception of reduced HMS

activity in the 0.5-Gy group. The determinations made

in the testis at this time-point after 0.5-Gy irradiation did

not differ significantly from control levels. Thus, the find-

ings observed in the testis at day 3 1 after 3.0-Gy irradi-

ation seem to be mainly due to maturation-depletion pro-

cess in the germ cells. In this group, the increase in diene

conjugation level is suggested to reflect increased perox-

idation of cellular lipids. Increased activities of the en-

zymes GSH-Px and GSH-Tr correspond to this suggestion

and are in accordance with previously noted tow activities

of GSH-Px in pachytene spermatocytes and round sper-

matids (Yoganathan et at, 1989). SOD and catatase ac-

tivities were both at the control level, although Yogana-

than et at (1989) have reported high SOD but no catatase

activity in pachytene spermatocytes and round sperma-

tids. In the present results, the roles of different enzyme

activities in testicular somatic cells, spermatogonia, and

remaining late spermatids remain obscure. In addition,

possible effects of the disappearance of interactions be-

tween germ cells and other testicular cells cannot be ex-

cluded in this model. However, with precaution it can be

suggested that the physiological level oftipid peroxidation

and activities ofperoxide-metabotizing enzymes are tower

in spermatocytes and early spermatids than in other tes-

ticutar cells on the average.
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Antifertility Effects of Neem (Azadirachta indica)
Oil in Male Rats by Single Intra-Vas Administration:
An Alternate Approach to Vasectomy

SHAKTI N. UPADHYAY, SUMAN DHAWAN, AND G. P. TALWAR
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ABSTRACT: An alternate approach to vasectomy for long-term male

contraception following a single intra-vas application of a traditional
plant (Azadirachta indica) product having immunomodulatory prop-
erties is described. Male Wistar rats of proven fertility were given a
single dose (50 �il) of neem oil in the lumen of the vas deferens on
each side; control animals received the same volume of peanut oil.
Animals were put on continuous mating 4 weeks after the treatment,
with females of proven fertility. Whilethe controlanimals impregnated
the female partners, all males treated with neem oil remained infertile
throughout the 8 months of observation period. Epididymal and vas
histology were normal without any inflammatory changes or obstruc-
tion. The intra-vas administration of neem oil resulted in a block of
spermatogenesis without affecting testosterone production; the

seminiferous tubules, although reduced in diameter, appeared normal
and contained mostly early spermatogenic cells. No anti-sperm an-
tibody could be detected in the serum. Unilateral administration of
neem oil in the vas resulted in a significant reduction of testicular
size and spermatogenic block only on the side of application; the
draining lymph node cells of the treated side also showed enhanced
proliferative response to in vitro mitogen challenge. These results
indicate that the testicular effects following intra-vas application of
neem oil may possibly be mediated by a local immune mechanism.

Key words: Male contraception, plant extracts, aspermatogene-
sis, fertility control.
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T he anti-fertility effects of neem (Azadirachta indica)

have been described in Ayurveda, the Indian tradi-

tional medicine. Neem oil has been reported to possess

abortificient and spermicidal activity following intravag-

mat or oral administration in females (Sinha et at, 1984;

Lal et a!, 1986; Riar et at, 1988). More recently, a novel

use of neem oil for long-term block of fertility of females

by a single intrauterine application was demonstrated by

us (Upadhyay et at, 1990). Its use as a mate contraceptive,

however, has not received much attention. Although there

are few reports claiming antifertility effect of extracts of

neem leaves by oral feeding in rats (Deshpande et at, 1980;

Sadre et at, 1983), other investigators working with cx-

tracts ofseeds ofthis plant could not demonstrate a similar

effect after oral administration (Krause and Adami, 1983).

We report here yet another novel use ofthis traditional

plant product for inducing a tong-term block of fertility

in males by a single intra-vas administration; the method

could serve as an alternate approach to vasectomy.

Materials and Methods

Animals

Male Wistar rats of proven fertility were used in this study.
Animals were maintained under standard laboratory conditions.
Water and dry pellet diet were given ad libitum.

Neem Oil

Neem oil was expressed from decorticated kernels ofA. indica

by mechanical expeller at ambient temperature and centrifuged

to remove particulate material. The oil was used within 3 months
ofextraction as it is known to lose its biological activity following
longer storage and exposure to light.

Surgical Procedures

Surgical procedures were carried out under anesthesia (intra-
peritoneal injection of 1 ml of 1% avertin: 2,2,2-tribromometh-
anol in tertiary amyl alcohol). The vas deferens was exposed
through a midline incision on the tower abdomen; 50 �it of neem

oil (or peanut oil) was administered into the lumen of the vas
using a 26-gauge needle fitted to a glass syringe; initially the
procedure was standardized by injecting India ink into the vas.
The incision was closed using autoclips. There was no mortality
due to the surgical procedure and the animals revived quickly.

Fertility Studies

All animals were caged with females (1 :2) of proven fertility, 4
weeks after surgery. Mating studies were continued for 8 months;
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FIG. 1 . Photom�rograph of a portion of the cauda epididymis of a rat 4 weeks after intra-vas administration of peanut oil. Note normal morphology
of the ducts and the presence of spermatozoa in the ductular lumen. x 250.
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females were changed after every three estrous cycles. Vaginal

smears were taken daily for monitoring sperm positivity, repro-

ductive cyclicity, and pregnancy; pregnancies were documented

by delivery of pups.

Sera Samples

Blood samples were collected from the orbital plexus for mea-

surement of testosterone and anti-sperm antibody titers, before

and at weekly intervals following the treatment. The serum was

separated and stored at -20#{176}Cuntil assayed.

Histology

Some animals were sacrificed at 2, 4, and 6 weeks after the
treatment, and the remaining were sacrificed at the end of the

fertility studies. Testis along with epididymis and vas deferens
was dissected out; testicular weight was recorded and the tissue
samples were immediately fixed in a solution containing 4%

paraformaldehyde and 2.5% glutaraldehyde in 0. 1 M cacodylate

buffer for 4-6 hours at 4#{176}C.Samples were postfixed in 1% os-
mium tetroxide, dehydrated in a graded series of ethanol, and

embedded in epon-araldite. Semithin serial sections, stained with

toluidine blue, were studied under a Zeiss Axiophot photomi-

croscope.

Testosterone Assay

Testosterone levels in individual serum samples were deter-

mined according to the method described by Brenneret al(l973).

Anti-Sperm Antibody Assay

Anti-sperm antibody titer in the serum samples was determined

by ELISA as described by Herr et al(1986). Serum from a sperm-
immunized rat was used as a positive control. All sera were

diluted 1: 10, 1:50, and 1: 100 for the assay, and the results were

plotted as mean OD values at 1:50 dilution for all samples.

Lymphocyte Proliferation Assay

Para-aortic and inguinal lymph node cells from experimental

and control groups were isolated, washed, and suspended in
RPM! containing 10% fetal calf serum at a concentration of 5

x 106 cells/mt. One hundred microliters of this suspension were

plated in 96-welt plates and cultured for 72 hours with 100 z1

of Con A (5 �g/ml); controls without Con A were maintained.

3H-thymidine (l�iCi) was added to each welt and the cells were

harvested after 18 hours; thymidine incorporation was measured
usinga beta counter(Pharmacia). Alt tests were done in triplicate.

Results

A group of 10 animals was given 50 �l of neem oil in the
vas deferens ofeach side; a control group ofequat numbers

received the same volume of peanut oil on both sides.

Animals were put on continuous mating with females of

proven fertility, 4 weeks after the treatment. The results

showed that administration of peanut oil in the vas did

not affect fertility, alt animals of this control group could

impregnate their female partners. The animals treated

with neem oil, however, remained infertile during the

8-month period ofobservation; none ofthe females caged

with neem oil-treated males showed sperm-positive mat-

ing. The treatment, however, did not affect libido and

mating as the females frequently manifested pseudopreg-

nancy for 10-1 2 days as evidenced by prolonged diestrous

stage. The control animals impregnated females within

the first or second cycle.

The histological appearance of the epididymis and vas

was normal following application of neem oil (Figs. 1-4).

The lumen of excurrent ducts was, however, devoid of

spermatozoa by 4 weeks of treatment (Figs. 2 and 4). No

occlusion, granutoma, or inflammatory changes were not-

ed in the vas and epididymis; the lumen was patent and

the epithetial cells lining the ducts had normal morphol-

ogy (Figs. 2 and 4).

Histological studies on testes revealed that by intra-vas

application of neem oil spermatogenesis was impaired as

early as 2 weeks after the treatment. By 4 weeks, a drastic

reduction of seminiferous tubule diameter and complete

block in spermatogenesis was noted (Figs. 5-8); the scm-

iniferous tubules contained mainly spermatogonia and

primary spermatocytes (Figs. 7 and 8). The Leydig cells,

however, appeared normal. There was no teukocytic in-

filtration in the testicular interstitium. The block of sper-

matogenesis was observed even after 9 months of treat-

ment; the seminiferous tubules, however, did not show

any sign ofdegeneration or resorption and stilt contained

a few spermatogonia.

Unilateral administration of neem oil in the vas had a

similar effect on testis but only on the side of treatment.

While the testicular weight of the control side remained

unaffected, the treated side showed a significant reduction

in gross weight by 4-6 weeks of treatment (Fig. 9). The

4-

FIG. 2. Photomicrograph o’f a portion of the cauda epididymis of a rat, 4 weeks after intra-vas administration of neem oil. Note normal morphology
of the ducts without any evidence of inflammatory reaction and the absence of sperm in the ductular lumen. x 250.

FIG. 3. Photomicrograph of a section through the vas deferens of a rat, 4 weeks after intra-vas administration of peanut oil, showing normal
morphology and the presence of sperm in the lumen. x 250.

FIG. 4. Photomicrograph of a section through the vas deferens of a rat, 4 weeks after intra-vas administration of neem oil, showing normal
morphology without any evidence of inflammatory reaction and the absence of sperm in the lumen. x 250.
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FIG. 5. Photomicrograph of a portion of the testis of rat, 4 weeks after intra-vas administration of peanut oil, showing normal morphology of the
seminiferous tubules. x 100.
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FIG. 9. Effect of unilateral intra-vas administration of neem oil on the
testicular weight in rats(n =6). Note the drastic reduction ofthe testicular
weight by 6 weeks after treatment.

block in spermatogenesis was also noted only on the treat-

ed side.

Serum testosterone levels, as shown in Figure 10, in-

dicated that the intra-vas administration of neem oil did

not affect the endocrine functions of the testes; the tes-

tosterone levels were comparable to that in control ani-

mats. No increase in anti-sperm antibodies over pretreat-

ment levels could be detected in serum orneem oil-treated

animals (Fig. 1 1).

The effect of intra-vas administration of neem oil on

the regional draining lymph nodes (para-aortic and in-

guinat) was studied in order to understand the localized

effect following unilateral treatment. Three experimental

groups of six animals each were given saline, peanut oil,

and neem oil, respectively, into the left vas; the right vas,

in alt groups, was left untreated. The lymph nodes of both

sides were removed after 2 weeks and were challenged in
vitro with Con-A (5 �ig/ml). The results, shown in Figure

1 2, indicate that in Group III, the lymph node cells of

the treated side show a significantly higher response (P <

0.001) to Con-A as compared to that of the contrataterat

side; the two control groups (1 and II) had no difference

between the response of left and right side.

Discussion

This study demonstrates that a single administration of

neem oil in the vas induces a tong-term block of fertility

of mate rats. The treatment does not lead to any inflam-

matory reaction or occlusion in the vas or epididymis; in

fact, neem oil is known for its anti-inflammatory prop-

erties in the Indian traditional medicine, and this has been

confirmed by recent experimental studies (Labadie et at,

1 989). The tong-term anti-fertility effect as noted in the

present study appears to be due to the arrest of sper-

matogenesis. Although reversibitity ofthe block could not

be ascertained in this study, this is not excluded because

4-

FiG. 6. HIgher magnification of Agure 5, showing seminiferous tUbuleS. Most stages of spermatogeneals can be identified in the seminiferous
epithelium. x200.

FIG. 7. Photomicrograph of a portion of the testis of rat, 4 weeks after intra-vas administration of neem oil, showing significant reduction in
seminiferous tubule diameter and the arrest of spermatogenic process. x 100.

FIG. 8. Higher magnification of the same testis shown in Figure 7, showing the presence of only spermatogonia and primary spermatocytes in the
seminiferous tubules. No leukocytic infiltration is seen in the interstitial space. x 200.




