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Abstract

The contraceptive efficacy of Carica papaya seeds after short-term evaluation has been well established.  We 

have examined the safety and mechanism of contraception in rats after long-term treatment with the methanol sub-

fraction (MSF) of C. papaya seeds.  The test substance was administered orally to the male albino rats (n = 40) at 

50 mg per kg body weight each day for 360 days.  Control animals (n = 40) received olive oil as a vehicle.  Recov-

ery was assessed up to 120 days after treatment withdrawal.  Sperm parameters, serum testosterone levels, fertility, 

histology and ultrastructure of the testis, haematology and serum clinical chemistry were evaluated to establish the 

safety and efficacy of the test substance.  Safety of long-term treatment was evidenced by unaltered health status, 
organ weight, haematology and clinical chemistry, and by an increase in body weight.  The mechanism of contracep-

tion was shown by reduction in nuclear and cytoplasmic volume, normal nuclear characteristics and vacuolization 

in the cytoplasmic organelles of the Sertoli cells, as well as nuclear degeneration in spermatocytes and spermatids 

indicating disturbed spermatogenesis.  Leydig cells were normal.  Initial effects were observed in Sertoli cells at 

60 days of treatment.  Spermatocytes and spermatids were affected after 120–240 days of treatment.  A significant 
decline in sperm count and viability, total inhibition of sperm motility, increased numbers of sperm abnormalities, 

normal serum testosterone levels and 100% sterility were evident after 60 days of treatment.  All the altered param-

eters, including percent fertility, were restored to control level 120 days after treatment withdrawal.  It is concluded 

that the MSF is safe for long-term treatment and the mechanism of contraception is shown by its effect on spermatid 

differentiation in the testis, possibly mediated by the Sertoli cell factors.
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1    Introduction

It has been well established that the Sertoli cells of 

the testis play a key role in spermatogenesis, particu-

larly in germ cell differentiation and transformation of 

spermatids into mature spermatozoa [1].  Several stud-

ies have attempted to relate experimentally induced 

mor phological changes in Sertoli cells and Leydig 
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cells to the regulation of spermatogenesis [2–4].  It has 

also been reported that many antifertility compounds 

produce testicular dysfunction through the premature 

release of germ cells, induced by disruption of Sertoli 

cells [5–9].  This sloughing of germ cells causes occlu-

sion of the efferent ductules and long-term testicular 

damage, including epithelial cell necrosis and inflam-

matory responses [10].

The seeds of Carica.  papaya have been well recog-

nized to possess compounds that putatively control fer-

tility.  A preclinical, short-term evaluation through a se-

ries of experiments using various extraction procedures 

of the seeds of C.  papaya revealed spermatogenic ar-

rest, leading to azoospermia or total inhibition of sperm 

motility in rats, rabbits and langur monkeys [6, 11–17].  

The methanol subfraction (MSF) of the benzene chro-

matographic fraction of the chloroform extract of C.  

papaya seeds has been identified as a putative candidate 
for male contraception [12].  However, the evidence 

was drawn from short-term evaluation.  To establish 

C.  papaya seed extract as a potent male contraceptive, 

evaluation of long-term treatment with the product and 

reversal of its effects is necessary.  The mechanism of 

action after long-term treatment and the safety of long-

term treatment are two other areas to be evaluated.  It 

has been speculated that Sertoli cell factors are the 

primary contributors to azoospermia, mediated through 

the testis, and asthenozoospermia, mediated through 

the peritubular cells in the epididymis [13].  Yet another 

speculation is that the direct cytotoxic effect of the test sub-

stance on the germ cells leads to sterility [13, 14].  Further 

insight into the subcellular characteristics of the testis is 

expected to provide better evidence for identifying the 

mode of action of the drug in the target tissue.  There-

fore, this investigation aimed to identify the reversibil-

ity and safety of long-term treatment with C.  papaya 

seeds, and their effects on body weight, organ weight, 

sperm parameters, haematology, clinical chemistry and 

fertility in albino rats, with particular emphasis on the 

mechanism of action through cellular and subcellular 

characteristics of the testis.

2    Materials and methods

2.1  Test material

Fresh seeds of C. papaya L. (Caricaceae), of the 

honeydew variety, were procured commercially, au-

thenticated in the Department of Botany, University of 

Rajasthan, Jaipur, India (Voucher No. RUBL 16 590), 

shade dried, powdered and refluxed with chloroform for 
36 h at 58–60ºC.  The resultant chloroform extract was 

subjected to silica gel column chromatography (60–120 

mesh) and eluted with benzene.  The benzene chro-

matographic fraction of the chloroform extract was con-

centrated under reduced pressure and subfractionated 

with methanol.  The final product, known as the MSF, 
was concentrated under reduced pressure and used in 

this investigation.

2.2  Animals

Adult Wistar albino rats, approximately three 

months old and weighing 180–200 g, were used in this 

investigation.  The animals were maintained in indi-

vidual polypropylene cages in the Departmental Animal 

House Facility with a 12:12-h light:dark schedule.  The 

temperature in the animal house during the study period 

was maintained at 23 ± 2ºC, and the relative humidity 

ranged between 32% and 70%.  The feeding schedule 

consisted of two rat pellet meals a day, and water was 

provided ad libitum.  Daily intake of food and water 

were quantified precisely.  The animals were maintained 
under veterinary supervision in accordance with the 

Guidelines for Care and Use of Animals in Scientific 

Research [18].

2.3  Experimental design

The experiments consisted of the following two 

phases.

2.3.1  Treatment phase

The animals were divided into two groups, as fol-

lows:

Group I (40 animals) — The animals that served as 

control were treated orally with olive oil at 50 mg per 

kg body weight each day for 360 days.

Group II (40 animals) — The animals were treated 

orally with the MSF of the benzene chromatographic 

fraction of the chloroform extract of C. papaya seeds, 

at a standardized dose regimen of 50 mg per kg body 

weight each day for 360 days.

2.3.2  Recovery phase

After the completion of the treatment schedule (360 

days), all surviving animals were withdrawn from treat-

ment.  Recovery was assessed through sperm param-

eters and histopathology of the testis for a 120-day ob-

servation period or until the altered parameters regained 

normalcy.
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2.4  Parameters

As described below, five animals each from the 

control and treatment groups were periodically evaluat-

ed for various parameters every 60 days during the 360-

day treatment period and the 120-day recovery period.  

Histology and ultrastructure of the testis were evaluated 

every 120 days during the treatment and recovery peri-

ods.  One additional histological evaluation of the testis 

was carried out after 60 days of treatment to evaluate ini-

tial effects after completion of one spermatogenetic cycle.

2.4.1  Body and organ weight

Body weight of the animals and the weight of tes-

tes, epididymis, seminal vesicles and ventral prostates, 

excised free of adhering tissues, were evaluated periodi-

cally every 60 days during the treatment and recovery 

periods.

2.4.2  Libido and fertility tests

Libido and fertility tests were carried out every 60 

days during the treatment and recovery periods before 

necropsy.  The control and treated animals were ex-

posed to proven fertile female rats at ratios of 1:2 to 

assess libido, mounting behaviour and fertility status.  

Success of mating was confirmed by the appearance of 
a vaginal plug or spermatozoa in the vaginal smear over 

the subsequent days.  The females, if pregnant, were 

allowed to complete the term, and the fetal mortality, 

morbidity and teratogenicity, if any, were recorded.

2.4.3  Sperm analysis

The cauda epididymis, wherein the spermatozoa 

mature and are stored, was chipped in 1 mL of normal 

physiological saline, and the clear fluid was used for 

the analysis of sperm concentration, motility, viability 

and abnormality, as per the procedures described in the 

WHO Laboratory Manual [19].

The sperm concentration was calculated with the 

haemocytometric method, using Neubauer’s haemocy-

tometer at a 1:19 dilution.  The percent motility (rapid 

linear progressive, slow linear progressive, vibratory 

and non-motile); percent viability, assessed with the 

eosin–nigrosin staining method; and percent normal/

abnormal spermatozoa, determined with the Papanico-

laou staining procedure, were assessed under a phase-

contrast microscope (Optiphat, Nikon, Japan).

2.4.4  Biochemical investigations

Androgen-sensitive biochemical markers, namely, 

cholesterol [20], glycogen [21] and lactate dehydroge-

nase (LDH) [22] for the testis; sialic acid [23], L-carni-

tine [24] and neutral α-glucosidase for the epididymis; 
fructose for the seminal vesicle and acid phosphatase 

(ACP) for the ventral prostate [25] were estimated 

quantitatively using homogenates of the respective 

tissues.

2.4.5  Histology and ultrastructure of the testis

The testis was used for histological and ultrastruc-

tural studies at different stages of treatment.  After re-

covery, only histology was carried out.

For histology, tissue was fixed in Bouin's fixative, 
dehy drated in various grades of ethanol, cleared in ben-

zene, infiltrated and embedded in paraffin wax.  Sections, 
6 μm thick, were stained with haematoxylin and eosin.

For ultrastructural studies, tissue, which was cut in 

to small pieces (1 mm) was fixed immediately in 2.5% 
glutaraldehyde for 6–24 h, washed thrice in phosphate 

buffer (0.2 mol L−1
; pH 7.4), post-fixed in 1% OsO4 

for 4–6 h, washed in phosphate buffer, dehydrated in 

acetone, infiltrated and embedded in low-viscosity 

spur media and polymerized at 60ºC for 48 h.  Semi-

thin sections (1 µm) were stained with toluidine blue, 

and ultra thin sections were double stained with uranyl 

acetate and lead citrate, and observed under a transmis-

sion electron microscope (Philips CM–10, Eindhoven, 

The Netherlands).

2.4.6  Safety evaluation

Blood samples were collected by cardiac puncture 

and were used for routine haematology and serum clini-

cal chemistry.

2.4.6.1  Haematology

Total red blood corpuscles (RBC), white blood cor-

puscles (WBC), haemoglobin (Hb), packed cell volume 

(PCV) and standard haematological indices—mean cor-

puscular volume (MCV), mean corpuscular Hb (MCH) 

and mean corpuscular Hb concentration (MCHC)—were 

measured as described earlier [25].

2.4.6.2  Clinical chemistry

Serum glutamate oxalate transaminase (SGOT), 

serum glutamate pyruvate transaminase (SGPT), creati-

nine phosphokinase (CPK), alkaline phosphatase (ALP), 

LDH, creatinine, cholesterol, glucose, bilirubin, urea, 

triglycerides (TGL) and high-density lipoprotein (HDL) 

levels were estimated in a semi-autoanalyser (ERBA; 
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Smart Lab, Mumbai, India), using the appropriate re-

agent kits (Transasia Biomedicals Ltd., Mumbai, India).  

Serum testosterone levels were estimated using ELISA 

kits (Biochem Immuno Systems, Italy).

2.4.7  Statistical analysis

Unpaired t-test was employed for statistical com-

parison.  Values are expressed as mean ± standard error 

(s.e.), and P < 0.05 was considered statistically significant.

3    Results

3.1  Health status

No morbidity or mortality was observed in the con-

trol or treated animals.  All the animals were healthy 

throughout the study period.

3.2  Body weight

The mean body weight of the vehicle-treated 

control animals was 176.09 ± 8.41 g.  Although there 

was a mild increase in body weight during the course 

of the 360-day treatment period and 120-day recovery 

period, the change was statistically insignificant.  Body 
weight values ranged between 179.42 ± 0.88 g and 

183.96 ± 0.95 g (Table 1).

3.3  Organ weight

The mean weights of the vital organs—brain, thyroid, 

heart, lungs, liver, spleen, adrenal gland and kidney—and 

reproductive organs—testis, epididymis, seminal vesi-

cle and ventral prostate—did not show significant dif-

ferences throughout the study period.  All values ranged 

within the control limits (Tables 1and 2).

3.4  Sperm analysis

3.4.1  Sperm concentration

The mean sperm concentration of the vehicle-

treated control animals was 21.43 ± 3.63 million mL−1
.  

Treatment with MSF at a concentration of 50 mg per 

kg body weight per day led to a significant reduction in 
sperm concentration over days 120–180 of treatment 

(P < 0.05).  On days 240–360 of treatment, the values, 

although still comparatively low, were not statistically 

different from those in the controls.

After 120 days of treatment withdrawal, the mean 

sperm concentration was comparable with that in the 

control rat (Table 3).

3.4.2  Sperm motility

The mean percentage of motile spermatozoa of 

the vehicle-treated control animals was 70.00 ± 7.51.  

Treatment with MSF at a concentration of 50 mg per 

kg body weight per day resulted in total inhibition of 

sperm motility from day 60 through to the end of the 

360-day treatment period.

Treatment withdrawal resulted in restoration of 

sperm motility after 60 days, and levels comparable 

with those in controls were reached after 120 days of 

treatment withdrawal (Table 3).

3.4.3  Sperm viability

The mean percentage of viable spermatozoa of 

Table 1.  The body weight and weight of reproductive organs in rats treated orally with the methanol subfraction of the benzene 

chromatographic fraction of the chloroform extract of C. papaya seeds at 50 mg per kg body weight (bw) per day (values are 

mean ± s.e. of five animals).

Treatment  
Body weight (g)

 Testis (mg per  Epididymis (mg  Seminal vesicle (mg Ventral Prostate 

schedule  100 g bw)  per 100 g bw) per 100 g bw) (mg per 100 g bw)

Control 176.09 ± 8.41 596.73 ± 8.16 187.24 ± 8.81 218.02 ± 8.11 118.24 ± 6.89

Treatment period

    60 days 179.42 ± 0.88   566.12 ± 10.08 180.12 ± 2.19 196.78 ± 9.57 107.14 ± 3.84

    120 days 181.93 ± 2.33 572.93 ± 7.18 177.63 ± 3.36 199.15 ± 9.65 116.92 ± 2.69

    180 days 182.38 ± 2.11 574.80 ± 8.71 180.84 ± 1.65 195.42 ± 9.00 109.25 ± 2.51

    240 days 179.86 ± 0.33   560.05 ± 10.21 181.72 ± 2.24 199.24 ± 8.63 108.41 ± 3.79

    300 days 182.35 ± 2.45 569.72 ± 8.59 183.48 ± 1.64 198.18 ± 9.92 116.23 ± 5.65

    360 days 182.90 ± 1.95   565.43 ± 11.98 180.34 ± 2.10 196.48 ± 8.94 105.34 ± 6.08

Recovery period

    60 days 182.67 ± 2.00 577.71 ± 9.69 182.21 ± 1.35 201.62 ± 6.51 110.15 ± 1.08

    120 days 183.86 ± 0.95 578.24 ± 9.01 185.71 ± 0.88 200.74 ± 5.36 111.72 ± 1.00
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Table 2.  The weight of vital organs in rats treated orally with the methanol subfraction of the benzene chromatographic fraction of the 

chloroform extract of C. papaya seeds at 50 mg per kg body weight per day (values are mean ± s.e. of five animals).
Treatment schedule Brain (g) Thyroid (g) Heart (g) Lungs (g) Liver (g) Spleen (g) Adrenal (g) Kidney (g)

Control 1.54 ± 0.06 0.03 ± 0.02 0.64 ± 0.04 1.29 ± 0.31 3.03 ± 0.24 0.45 ± 0.01 0.15 ± 0.06 1.54 ± 0.04

Treatment period

     60 days 1.52 ± 0.22 0.02 ± 0.02 0.63 ± 0.02 1.31 ± 0.12 3.45 ± 0.31 0.47 ± 0.12 0.16 ± 0.05 1.42 ± 0.10

     120 days 1.43 ± 0.12 0.01 ± 0.01 0.58 ± 0.19 1.28 ± 0.31 3.52 ± 0.03 0.42 ± 0.07 0.12 ± 0.04 1.37 ± 0.13

     180 days 1.45 ± 0.14 0.03 ± 0.02 0.61 ± 0.04 1.27 ± 0.03 3.54 ± 0.29 0.56 ± 0.04 0.14 ± 0.05 1.50 ± 0.13

     240 days 1.50 ± 0.12 0.01 ± 0.01 0.54 ± 0.06 1.23 ± 0.14 3.49 ± 0.24 0.55 ± 0.19 0.11 ± 0.04 1.41 ± 0.06

     300 days 1.48 ± 0.04 0.02 ± 0.01 0.57 ± 0.03 1.24 ± 0.06 3.54 ± 0.27 0.42 ± 0.06 0.09 ± 0.02 1.40 ± 0.05

     360 days 1.52 ± 0.02 0.02 ± 0.01 0.56 ± 0.12 1.21 ± 0.45 3.61 ± 0.24 0.51 ± 0.04 0.11 ± 0.02 1.39 ± 0.01

Recovery period

     60 days 1.49 ± 0.03 0.02 ± 0.01 0.61 ± 0.10 1.25 ± 0.38 3.53 ± 0.12 0.46 ± 0.24 0.07 ± 0.03 1.40 ± 0.02

     120 days 1.61 ± 0.02 0.03 ± 0.01 0.59 ± 0.07 1.26 ± 0.18 3.62 ± 0.48 0.51 ± 0.18 0.12 ± 0.07 1.42 ± 0.05

Table 3.  Cauda epididymal sperm characteristics of rats treated orally with the methanol subfraction of the benzene chromatographic 

fraction of the chloroform extract of C. papaya seeds at 50 mg per kg body weight per day (values are mean ± s.e. of five animals).
Treatment schedule Sperm density (million mL−1

) Sperm motility (%) Sperm viability (%) Abnormal sperm (%)

Control 21.43 ± 3.63 69.70 ± 7.51                    60.08 ± 5.81                        36.14 ± 6.11

Treatment period

   60 days 14.12 ± 0.84 Nil 36.19 ± 1.66
**

 47.07 ± 4.41
**

   120 days   13.17 ± 0.23
*
 Nil 40.17 ± 1.81

**
 52.75 ± 6.72

**

   180 days 1  2.28 ± 0.16
*
 Nil 38.74 ± 1.71

**
 51.08 ± 5.92

**

   240 days 18.15 ± 0.66 Nil 41.12 ± 1.66
**

 52.12 ± 5.68
**

   300 days 15.05 ± 0.33 Nil 42.23 ± 2.66
**

 50.18 ± 6.00
**

   360 days 15.14 ± 0.41 Nil 40.11 ± 1.63
**

 50.24 ± 5.76
**

Recovery period

   60 days 18.01 ± 2.06                               51.80 ± 8.03                     50.78 ± 5.11                       42.17 ± 4.70

   120 days 22.04 ± 2.09                               68.84 ± 5.88                     56.91 ± 4.82                       38.82 ± 4.08
*
P < 0.05,  

**
P < 0.01 compared with control values.

the vehicle-treated control animals was 60.08 ± 5.81.  

Treatment with MSF at 50 mg per kg body weight per 

day caused a significant decrease (P < 0.01) in the per-

centage of viable spermatozoa from day 60 of the study 

period onwards.

Withdrawal of the treatment resulted in the restora-

tion of sperm viability after120 days of the recovery 

period.  The mean percentage of viable spermatozoa 

was similar to the level in controls (Table 3).

3.4.4  Sperm abnormality

The mean percentage of abnormal spermatozoa of the 

vehicle-treated control animals was 36.14 ± 6.11.  Treat-

ment with MSF at a concentration of 50 mg per kg body 

weight per day resulted in a significant increase (P < 0.01) 

in the percentage of abnormal spermatozoa from day 60 of 

treatment onwards, throughout the treatment period.

After treatment withdrawal, there was a gradual 

reduction in the percentage of abnormal spermatozoa, 

and after 120 days of recovery, the mean percentage 

was comparable with that in the control group (Table 3).

3.5  Biochemical investigations

The mean levels of cholesterol, glycogen and 

LDH in the testis; sialic acid, L-carnitine and neutral 

α-glucosidase in the epididymis; fructose in the seminal 

vesicle and ACP in the ventral prostate did not show 

significant changes throughout the treatment  or the re-

covery period (Table 4).

3.6  Histology of the testis

Seminiferous tubules of the testes of control ani-
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mals possessed epithelia containing the Sertoli cells and 

the germ cells of various stages, covering the complete 

process of spermatogenesis.  The Sertoli cells exhibited 

typical, irregular nuclei and well-defined cytoplasm, 

which appeared granular.  The spermatogonia, oval in 

shape, were closely associated with the basal lamina.  

The spermatocytes showed various degrees of conden-

sation of their nuclei and were closely associated with 

Sertoli cell cytoplasm.  Elongated spermatids were em-

bedded in the cytoplasm of the Sertoli cells.  The lumen 

contained mature spermatozoa, and the interstitium 

contained distinct Leydig cells (Figure 1).

The testes of animals treated with MSF for 60 and 

120 days displayed round seminiferous tubules with 

thick basal lamina.  The Sertoli cells and germ cells 

were normal.  The Sertoli cells showed vacuolization, 

and the spermatogonia, spermatocytes and spermatids, 

round as well as elongated, appeared normal, with 

normal nuclear and cytoplasmic characteristics.  How-

ever, a few of the spermatocytes of the animals treated 

for 120 days showed signs of nuclear pyknosis or 

degenera  tion.  The cytoplasm of all germ cells appeared 

granular.  The lumen contained spermatozoa, and the 

Leydig cells were normal (Figures 2 and 3).

After 240 days of MSF treatment, disruption of 

spermatogenesis was evident.  The basal lamina of the 

seminiferous tubules was comparatively thin.  Vacuoli-

zation was evident in the cytoplasm of the Sertoli cells, 

spermatocytes and spermatids.  The nuclei of the sper-

matocytes and spermatids showed pyknosis.  However, 

the spermatogonia and Leydig cells appeared normal.  

The lumen contained spermatozoa (Figure 4).

After 360 days of MSF treatment, severe disruption 

of spermatogenesis was evident, although the sperma-

togonia remained unaffected.  The seminiferous tubules 

were round and occasionally showed irregular configu-

rations.  The basal lamina appeared thin.  Degenera-

tion of the epithelium was common in the majority of 

the seminiferous tubules.  The Sertoli cells showed 

vacuolization, and the spermatocytes and spermatids 

showed nuclear pyknosis and cytoplasmic vacuoliza-

tion.  Disruption in the plasma membrane and extrusion 

of cytoplasmic contents were evident in the majority 

of the spermatocytes and spermatids.  The effects were 

more severe in spermatid differentiation.  The lumen 

contained germ cell debris and fewer spermatozoa, but 

the Leydig cells appeared normal (Figure 5).

After 120 days of recovery, restoration of proper 

spermatogenesis was evident.  The seminiferous epithe-

lium was comparable with that of control animals.  The 

Sertoli cells and germ cells showed closer associations, 

with normal nuclear and cytoplasmic characteristics.  

The lumen contained packed spermatozoa, and the Ley-

dig cells appeared normal (Figure 6).

3.7  Ultrastructure of the testis

Ultrastructural analysis of the testes of control ani-

mals showed that the Sertoli cells and germ cells had 

cellular characteristics typical of those seen in active 

spermatogenesis.  The Sertoli cells of control animals 

Table 4. Reproductive tissue biochemical parameters of rats treated orally with the methanol subfraction of the benzene chromatographic 

fraction of the chloroform extract of C. papaya seeds at 50 mg per kg body weight per day (values are mean ± s.e. of five animals).
             Testis     Epididymis  Seminal vesicle Ventral prostate

Treatment    
Cholesterol    Glycogen       LDH  Sialic acid

 L-carnitine  α-Glucosidase       
Fructose          ACP

Schedule  
  (mg g−1

)    (mg g−1
)    (U mg−1

)    (mg g−1
)
  (nmol per (mg PNP per   

   (mg g−1
)      (BU g−1

)
     mg protein)  mg protein)

Control 4.26 ± 0.20 2.10 ± 0.22 25.25 ± 2.06 4.80 ± 1.25 1.73 ± 0.08    101.31 ± 3.98 5.98 ± 2.02 2.03 ± 1.13

Treatment period

   60 days 4.31 ± 0.21 2.19 ± 0.13 28.64 ± 1.00 5.76 ± 0.16 1.65 ± 0.13  98.53 ± 5.36 4.76 ± 2.29 2.99 ± 0.23

   120 days 4.58 ± 0.28 2.06 ± 0.22 24.12 ± 1.13 4.72 ± 1.35 1.58 ± 0.25  96.90 ± 7.31 5.76 ± 0.26 2.58 ± 0.21

   180 days 4.49 ± 0.31 2.16 ± 0.25 23.23 ± 1.08 5.21 ± 1.08 1.61 ± 0.31  99.40 ± 3.15 6.78 ± 0.23 2.78 ± 0.09

   240 days 4.51 ± 0.11 2.08 ± 0.11 27.16 ± 1.45 5.10 ± 1.18 1.60 ± 0.35    100.11 ± 1.38 6.18 ± 0.28 3.20 ± 0.16

   300 days 4.39 ± 0.18 2.17 ± 0.21 26.09 ± 1.56 4.52 ± 1.21 1.71 ± 0.11  98.92 ± 2.35 4.98 ± 0.28 3.16 ± 0.15

   360 days 4.45 ± 0.21 2.08 ± 0.19 28.03 ± 1.13 4.98 ± 1.11 1.58 ± 0.99    100.61 ± 1.00 6.85 ± 0.18 2.48 ± 0.14

Recovery period

   60 days 4.29 ± 0.21 2.19 ± 0.15 27.65 ± 1.76 4.77 ± 0.08 1.63 ± 0.75    101.34 ± 0.85 5.80 ± 0.23 2.80 ± 0.08

   120 days 4.36 ± 0.11 2.10 ± 0.08 31.08 ± 0.09 4.98 ± 0.16 1.68 ± 0.81    100.81 ± 0.91 5.88 ± 0.18 2.50 ± 0.01
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showed distinct nuclear and cytoplasmic characteristics 

consistent with an active secretory state.  The nuclei 

were irregular, with patchy chromatin material, deep 

indentations and well-defined nucleoli.  Adjacent to the 
nuclei, the cytoplasm was characterized by cisternae 

of rough endoplasmic reticulum, in close association 

with lipid droplets.  Mitochondria were well defined 

and scattered throughout the cytoplasm.  Golgi bod-

ies were also well defined, and free ribosomes and 

glycogen granules were dispersed throughout the cy-

toplasm.  The plasma membranes were conspicuous 

Figure 4.  Histology of the testis of rats treated with methanol 

subfraction (MSF) at 50 mg per kg body weight per day for 240 

days. Disruption of spermatogenesis is evident. Vacuolization 

is evident in the cytoplasm of Sertoli cells, spermatocytes 

and spermatids. The nuclei of spermatocytes and spermatids 

show pyknosis. Spermatogonia and Leydig cells appear normal. 

The lumen contains spermatozoa.  Scale bar = 100 µm.  S, 

Sertoli cells; SG, spermatogonia; SC, spermatocytes; R, round 

spermatid; E, elongated spermatid; SP, spermatozoa; LY, Leydig 

cells.

Figure 1.  Histology of the testis of a control animal. The 

seminiferous tubules contain Sertoli cells and germ cells of 

various stages, covering the entire process of spermatogenesis. 

The lumen contains mature spermatozoa. The interstitium 

contains distinct Leydig cells.  Scale bar = 100 µm.  S, Sertoli 

cells; SG, spermatogonia; SC, spermatocytes; R, round 

spermatid; E, elongated spermatid; SP, spermatozoa; LY, Leydig 

cells.

Figure 2.  Histology of the testis of rats treated with methanol 

subfraction (MSF) at 50 mg per kg body weight per day for 60 

days. Vacuolization in Sertoli cells is evident. Spermatogonia, 

spermatocytes and spermatids are unaffected, showing normal 

nuclear and cytoplasmic characteristics. The lumen contains 

spermatozoa. The Leydig cells are normal.  Scale bar = 100 µm.  

S, Sertoli cells; SG, spermatogonia; SC, spermatocytes; E, 

elongated spermatid; B, basal lamina; LY, Leydig cells; R, round 

spermatid; L, lumen.

Figure 3.  Histology of the testis of rats treated with metha-

nol subfraction (MSF) at 50 mg per kg body weight per day 

for 120 days. Sertoli cells show vacuolization, whereas the 

spermatogonia, spermatocytes and spermatids (round as 

well as elongated) appear normal, with normal nuclear and 

cytoplasmic characteristics. A few of the spermatocytes show 

nuclear pyknosis (arrows). The cytoplasm of all germ cells 

appears granular. The lumen contains spermatozoa. The Leydig 

cells are normal.  Scale bar = 100 µm.  S, Sertoli cells; SG, 

spermatogonia; SC, spermatocytes; R, round spermatid; E, 

elongated spermatid; SP, spermatozoa; LY, Leydig cells.
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and tortuous, showing close associations with adjacent 

spermatocytes and spermatids.  Secretory granules were 

abundant (Figures 7 and 8).  The spermatocytes, both 

primary and secondary, displayed round configurations 
with prominent nuclei.  The nuclei contained distinct 

chromatin networks in the process of condensation and 

well-defined nuclear membranes.  The cytoplasm of the 
primary spermatocytes appeared granular, character-

ized by dispersed mitochondria and loose networks of 

rough endoplasmic reticulum.  Cytoplasmic organelles 

of secondary spermatocytes were relatively sparse (Fig-

ures 9 and 10).  Round spermatids were characterized 

by well-defined nuclei with distinct nuclear membranes 
and chromatin networks, and their cytoplasm was oc-

cupied predominantly with mitochondria.  Formation 

of acrosome aggregations, marked by Golgi vesicles, 

appeared normal (Figure 11).  The Leydig cells showed 

distinct nuclear characteristics.  The cytoplasm showed 

prominent lipid bodies, well-defined vesicles of smooth 
endoplasmic reticulum and mitochondria surrounding 

the nucleus (Figure 12).

After 120 days of MSF treatment, the Sertoli cells 

showed evidence of severe vacuolization in the cy-

toplasm.  However, secretory granules, prosecretory 

granules, mitochondria and Golgi bodies were scattered 

throughout the cytoplasm.  The nuclei appeared normal 

with indentations and patchy chromatin material.  As-

sociation of the germ cells with the cytoplasm of the 

Sertoli cells appeared normal (Figure 13).  The sper-

matocytes appeared normal, containing distinct nuclei 

with patchy chromatin material and normal cytoplasm.  

Cytoplasmic organelles, however, were poorly defined.  
The plasma membranes of the spermatocytes were 

Figure 5.  Histology of the testis of rats treated with methanol 

subfraction (MSF) at 50 mg per kg body weight per day for 360 

days. Degeneration of the epithelium is common in the majority 

of the seminiferous tubules. Sertoli cells show vacuolization, and 

the spermatocytes and spermatids show nuclear pyknosis and 

cytoplasmic vacuolization. The lumen contains germ cell debris 

and fewer spermatozoa. Leydig cells appear normal.  Scale bar 

= 100 µm.  S, Sertoli cells; SG, spermatogonia; SC, spermatocytes; R, 

round spermatid; E, elongated spermatid; SP, spermatozoa; LY, Leydig 

cells.

Figure 6.  Histology of the testis of rats 120 days after treatment 

withdrawal. Restoration of spermatogenesis is evident. The 

seminiferous epithelium is comparable with that of a control animal. 

The Sertoli cells and germ cells show closer association to each 

other, with normal nuclear and cytoplasmic characteristics. 

The lumen contains packed spermatozoa, and the Leydig cells 

appear normal.  Scale bar = 100 µm.  S, Sertoli cells; SG, 

spermatogonia; SC, spermatocytes; R, round spermatid; E, 

elongated spermatid; SP, spermatozoa; LY, Leydig cells.

Figure 7.  Ultrastructure of the testis of control animals showing 

the Sertoli cells. The nucleus appears irregular, with indentations. 

The cytoplasmic organelles indicate an active secretory state. The 

mitochondria, lipid droplets and rough endoplasmic reticulum 

are prominent and scattered throughout the cytoplasm. Secretory 

granules are abundant.  Scale bar = 1.79 µm.  G, Golgi bodies; 

L, lipid droplets; M, mitochondria; N, nucleus; SG, secretory 

granules.
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distinct and showed close associations with Sertoli 

cell cytoplasm (Figure 14).  Round spermatids showed 

well-defined nuclear and cytoplasmic characteristics.  

The nuclei appeared round, with well-defined nuclear 
membranes and chromatin structures.  The cytoplasm 

showed scattered mitochondria and cisternae of rough 

endoplasmic reticulum.  Acrosome vesicles, evidenced 

by the accumulation of Golgi vesicles, were also well 

defined (Figure 15).

After 240 days of MSF treatment, vacuolization of 

Figure 10.  Ultrastructure of the testis of control animals, 

showing a secondary spermatocyte. The nucleus contains 

condensed chromatin material and a distinct nuclear membrane. 

Mitochondria are scattered throughout the cytoplasm.  Scale 

bar = 2.17 µm.  M, mitochondria; N, nucleus; NM, nuclear 

membrane.

the Sertoli cells was comparable with that of the Sertoli 

cells after 120 days of MSF treatment.  However, the 

nuclei showed deep indentations, with patchy chromatin 

material, and there were fewer cytoplasmic organelles.  

Mitochondria were few and vacuolated.  The cytoplasm 

of the associated germ cells was poorly defined (Figures 

16 and 17).  The nuclei of spermatocytes and round 

spermatids showed evidence of pyknosis, character-

ized by poorly defined chromatin structures and nuclear 
membranes.  Mitochondria adjacent to the nuclei were 

Figure 8.  Ultrastructure of the testis of control animals showing 

the Sertoli cell cytoplasm. The nucleus shows indentation and 

a prominent nucleolus. The mitochondria are well defined. 

Prosecretory granules, rosettes of glycogen granules and free 

ribosomes are scattered throughout the cytoplasm.  Scale bar 

= 2 µm.  L, lipid droplets; M, mitochondria; N, nucleus; NU, 

nucleolus; P, prosecretory granules.

Figure 9.  Ultrastructure of the testis of control animals showing 

the primary spermatocytes. The cytoplasm appears granular. 

The nucleus contains distinct chromatin networks, with well-defined 
nucleoli and prominent nuclear membranes.  Scale bar = 2.17 µm.  N, 

nucleus; NM, nuclear membrane.

Figure 11.  Ultrastructure of the testis of control animals showing 

a round spermatid. The nucleus is round, with a prominent 

nuclear membrane. Mitochondria occupy the periphery of the 

cytoplasm. Golgi vesicles are well defined.  Scale bar = 2.78 µm.  
GV, Golgi vesicles; N, nucleus; NM, nuclear membrane.
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(Figure 20).

After 360 days of MSF treatment, the ultrastructur-

al characteristics of the Sertoli cells and germ cells of 

the testis were indicative of disturbed spermatogenesis.  

The nuclear and cytoplasmic volumes of the Sertoli 

cells were reduced.  However, the nuclear features 

Figure 12.  Ultrastructure of the testis of a control animal, 

showing a Leydig cell. The cell is characterized by a round 

nucleus, containing a prominent nuclear membrane. The 

cytoplasm shows vesicles of smooth endoplasmic reticulum, 

prosecretory granules, prominent mitochondria and lipid bodies.  

Scale bar = 2.78 µm.  L, lipid bodies; NM, nuclear membrane; P, 

prosecretory granules; SER, smooth endoplasmic reticulum.

Figure 13.  Ultrastructure of the testis of rat treated with metha-

nol subfraction (MSF) at 50 mg per kg body weight per day 

for 120 days showing the Sertoli cells. Vacuolization in the 

cytoplasm is evident. Secretory granules, prosecretory granules, 

mitochondria and Golgi bodies are scattered in the cytoplasm. 

The nucleus appears normal, with indentations and patchy 

chromatin material. Association of germ cells with the cytoplasm 

of the Sertoli cells appears normal.  Scale bar = 2.38 µm.  S, 

Sertoli cell; SP, spermatid; N,  nucleus.

vacuolated.  Other cytoplasmic organelles in the sper-

matocytes and spermatids were sparse (Figures 18 and 

19).  Elongated spermatids embedded in the Sertoli cell 

cytoplasm were characterized by poorly defined mem-

branes and cytoplasmic vacuolization.  Mitochondria 

present in the cytoplasm also showed vacuolization 

Figure 14.  Ultrastructure of the testis of rat treated with metha-

nol subfraction (MSF) at 50 mg per kg body weight per day for 

120 days, showing the spermatocytes, with distinct nucleus, 

patchy chromatin material and normal cytoplasm. Cytoplasmic 

organelles, however, are poorly defined. The plasma membranes 
of the spermatocytes are distinct and show closer association 

with the Sertoli cell cytoplasm .  Scale bar = 2.78 µm.  SC, 

spermatocytes; N, nucleus.

Figure 15.  Ultrastructure of the testis of rat treated with 

methanol subfraction (MSF) at 50 mg per kg body weight 

per day for 120 days, showing the spermatids. The nucleus 

appears round, with well-def ined nuclear membranes 

and chromatin structures. The cytoplasm shows scattered 

mitochondria and cisternae of rough endoplasmic reticulum. 

The acrosome vesicles are evidenced by accumulation of 

Golgi vesicles.  Scale bar = 2.78 µm.  SP, spermatids; N, 

nucleus; M, mitochondria; GV, Golgi vesicles.
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appeared normal.  The cytoplasm showed vacuoliza-

tion, and the cytoplasmic organelles were relatively 

sparse.  Although a few mitochondria were found scat-

tered around the cytoplasm, they showed vacuolization 

(Figure 21).  Nuclear degeneration was evident in the 

spermatocytes and spermatids, and the cytoplasmic or-

ganelles in these cells were sparse.  Although present in 

the peripheral cytoplasm of the spermatids, few mito-

chondria displayed vacuolization.  Membrane damage 

in the acrosomal cap was also evident.  Leydig cells 

appeared normal (Figures 22–24).

3.8  Haematology

Total RBC, WBC, Hb, PCV, MCV, MCH and MCHC 

levels did not show appreciable changes after either 360 days 

of treatment with MSF at a concentration of 50 mg per kg body 

weight per day or after 120 days of recovery (Table 5).

3.9  Clinical chemistry

The mean levels of serum SGPT, SGOT, CPK, ALP, 

Figure 16.  Ultrastructure of the testis of rat treated with 

methanol subfraction (MSF) at 50 mg per kg body weight per 

day for 240 days, showing the Sertoli cells. The nuclei show 

indentations and patchy chromatin material. Mitochondria show 

vacuolization. The cytoplasm of the associated germ cells was 

poorly defined.Scale bar = 2.78 µm.  N,  nucleus.

Figure 17.  Ultrastructure of the testis of rat treated with metha-

nol subfraction (MSF) at 50 mg per kg body weight per day for 

240 days, showing the Sertoli cells. The nucleus shows deep 

indentations, with patchy chromatin material, and the cytoplasmic 

organelles are fewer in number. Mitochondria are sparse and 

vacuolated.  Scale bar = 2.38 µm.  N, nucleus; M, mitochondria.

Figure 18.  Ultrastructure of the testis of rat treated with metha-

nol subfraction (MSF) at 50 mg per kg body weight per day for 

240 days, showing the spermatocytes. The nucleus shows signs of 

pyknosis. Mitochondria show vacuolization.  Scale bar = 2.38 µm.  

N, Nucleus; M, mitochondria.

Figure 19.  Ultrastructure of the testis of rat treated with metha-

nol subfraction (MSF) at 50 mg per kg body weight per day for 

240 days, showing a round spermatid. The nucleus shows signs 

of pyknosis.  Scale bar = 2.38 µm.  N, nucleus.
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LDH, creatinine, cholesterol, glucose, bilirubin, urea, TGL 

and HDL did not show significant changes (Table 6).

3.10  Hormone assay

The mean serum testosterone level showed fluc-

tuations in the level of testosterone within the control 

range during treatment with MSF at 50 mg per kg body     

weight per day for 360 days and after withdrawal of 

treatment for 120 days (Table 7).

Figure 21.  Ultrastructure of the testis of rat treated with metha-

nol subfraction (MSF) at 50 mg per kg body weight per day for 

360 days, showing the Sertoli cells. The nucleus is irregular, with 

deep indentations. Cytoplasmic organelles are relatively sparse. 

However, well-defined mitochondria are scattered throughout the 
cytoplasm.  Scale bar = 2.17 µm.  M, mitochondria; N, nucleus; 

NM, nuclear membrane.

Figure 22.  Ultrastructure of the testis of rat treated with metha-

nol subfraction (MSF) at 50 mg per kg body weight per day 

for 360 days, showing the spermatocytes. The cell is severely 

affected. The nuclear membranes and nuclear contents are poorly 

defined. Cytoplasmic organelles are sparse.  Scale bar = 2.38 µm.  N, 
nucleus; NM, nuclear membrane.

Figure 23.  Ultrastructure of the testis of rat treated with metha-

nol subfraction (MSF) at 50 mg per kg body weight per day for 

360 days, showing the round spermatids. The nucleus shows 

signs of pyknosis. The cytoplasmic organelles are sparse.  Scale 

bar = 2.78 µm.  N, nucleus; NM, nuclear membrane.

3.11  Fertility test

Fertility tests, conducted every 60 days, showed 

normal viable offspring in the vehicle-treated control 

animals (5.0 ± 0.6, mean ± s.e.).  In the MSF-treated 

animals, fertility tests showed no fertility throughout 

the treatment period.  Normal, viable offspring (free of 

mortality, morbidity or visible teratogenic symptoms) 

were produced after 120 days of treatment withdrawal 

in the treated animals (Table 8).  The libido of the treat-

Figure 20.  Ultrastructure of the testis of rat treated with metha-

nol subfraction (MSF) at 50 mg per kg body weight per day 

for 240 days, showing the elongated spermatids. The nuclear 

membranes are poorly defined (arrows). Mitochondria show 

vacuolization. Other cytoplasmic organelles are sparse.  Scale 

bar = 2.78 µm.
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ed animals, as evidenced by mounting behaviour (visual 

observation), remained unaffected throughout the study 

period.

4    Discussion

Many of the antifertility compounds identified in 

plants to date perturb spermatogenesis by causing tes-

Figure 24. Ultrastructure of the testis of rat treated with methanol 

subfraction (MSF) at 50 mg per kg body weight per day for 360 

days, showing the Leydig cells. The cell appears normal. Lipid 

bodies, secretory granules, mitochondria and stacks of smooth 

endoplasmic reticulum are prominent. Nucleus and nuclear 

membrane appear normal.  Scale bar = 2.78 µm.  L, lipid bodies; 

M, mitochondria; N, nucleus; NM, nuclear membrane; SER, 

smooth endoplasmic reticulum; SG, secretory granule.

ticular dysfunction.  The roots of Aristolochia indica 

and Plumbago zeylanica; the leaves of Azadirachta 

indica, Catharanthus roseus, Vinca rosea and Ocimum 

sanctum; the flowers of Hibiscus rosa-sinensis and 

Malvaviscus conzatii; the seeds of C.  papaya and Vitex 

negundo; and the fruit of Momordica charantia have 

been identified as candidates for male fertility regula-

tion.  Reduction in weight of the testis, epididymis, 

seminal vesicle and ventral prostate; suppression of 

spermatogenesis; degeneration of epididymal epithe-

lium; and regression or absence of secretory activity of 

the seminal vesicle and ventral prostate are some of the 

common outcomes of the use of these plants, as well as 

several hundred plants undergoing preliminary screen-

ing for antifertility activity [27–29].

In our earlier, preliminary investigations, aqueous, 

methanol, ethanol, ethyl acetate and chloroform extracts 

of C. papaya seeds were shown to possess significant 
antifertility effects [11, 12, 28, 30].  However, despite 

species variation (that is, sperm motility inhibition in 

rats, and azoospermia in rabbits and langur monkeys 

[15–17]), it has been observed that the chloroform 

extract, the benzene chromatographic fraction of the 

chloroform extract and its methanol and ethyl acetate 

subfractions exerted 100% reversible contraceptive ef-

ficacy without side effects.
The results of this investigation show that long-

term treatment with MSF for a period up to one year is 

safe and effective in completely inhibiting sperm motil-

Table 5.  Haematological parameters of rats treated orally with the methanol subfraction of the benzene chromatographic fraction of the 

chloroform extract of C. papaya seeds at 50 mg per kg body weight per day (values are mean ± s.e. of 5 animals).

Treatment   
RBC (10

6
 mm

−3
)    WBC (10

3
 mm

−3
)     Hb (g per 100 mL)    PCV (%)         MCV (µ

3
)          MCH (pg)           MCHC (%)

schedule

Control 6.85 ± 2.21            8.53 ± 1.76              15.54 ± 1.26           45.82 ± 2.51      66.30 ± 2.08       22.90 ± 2.41       34.34 ± 1.32

Treatment period

   60 days 6.63 ± 1.01            8.43 ± 0.94              15.10 ± 1.33           44.80 ± 1.40      67.10 ± 1.69       22.81 ± 1.51        33.90 ± 1.92

   120 days 6.61 ± 2.01            8.42 ± 1.04              14.82 ± 1.92           43.64 ± 1.60      67.51 ± 1.17       22.43 ± 1.62        33.18 ± 1.67

   180 days 6.68 ± 1.00            8.43 ± 1.01              15.31 ± 1.00           45.00 ± 1.13      66.12 ± 1.00       23.10 ± 1.08        33.43 ± 1.85

   240 days 6.73 ± 1.03            8.39 ± 1.05              14.10 ± 1.16           44.61 ± 1.44      66.34 ± 1.80       22.42 ± 1.32        34.00 ± 1.23

   300 days 6.76 ± 1.04            8.46 ± 0.91              15.91 ± 1.00           43.90 ± 1.16      65.44 ± 1.93       22.12 ± 1.16        33.83 ± 1.10

   360 days 6.80 ± 0.29            8.36 ± 1.13               16.24 ± 0.98           45.12 ± 1.00      65.90 ± 1.04       22.48 ± 1.11       33.54 ± 1.13

Recovery period

   60 days 6.73 ± 1.01            8.46 ± 1.16              15.20 ± 1.01           45.24 ± 0.01      66.31 ± 0.91       23.52 ± 0.98        34.10 ± 1.00

   120 days 6.80 ± 0.39            8.41 ± 0.39              16.62 ± 1.02           45.42 ± 0.08      66.92 ± 0.75       22.80 ± 0.59        34.62 ± 0.71

Abbreviations: RBC, red blood corpuscles;  WBC,white blood corpuscles;  Hb, haemoglobin;  PCV,  packed cell volume;   MCV,  mean 

corpuscular volume;  MCH, mean corpuscular Hb;  MCHC, mean corpuscular Hb concentration
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ity in rats.  This inhibition coincides with a gradual and 

significant decline in cauda epididymal sperm density, 
percentage of viable spermatozoa and a significant 

increase in sperm anomalies, degenerated germinal 

epithelium, vacuolization in Sertoli cells and proliferat-

ing germ cells.  Furthermore, disturbances in spermatid 

differentiation of the testis, normal serum testosterone 

levels and sterility indicate significant contraceptive 

efficacy.  The onset of contraceptive efficacy is evident 

within 60 days of treatment, as confirmed by fertility tests.
It is likely that any contraceptive agent that affects 

sperm motility would influence spermatozoa indirectly 
through disruption of epididymal epithelial cell function 

or act directly on the spermatozoa by affecting their en-

zymes [31].  In this investigation, although the increase 

in abnormal sperm count and total inhibition of sperm 

motility suggest that MSF’s target is within the internal 

milieu of the epididymis, the lack of significant altera-

tions in the epididymal epithelium (unpublished obser-

vations) and the unaltered level of epididymal markers 

(sialic acid, L-carnitine and neutral α-glucosidase) in 

the cauda epididymis indicate that it is less likely that 

MSF affects the sperm motility by altering the epidi-

dymis itself.

In normal testicular function, both Sertoli cells and 

Leydig cells are central to the regulation of fertility and 

reproductive health.  These cells are susceptible targets 

in any of the experimentally induced changes in testis, 

particularly in male contraceptive strategies [1, 3].  Sper-

matogenesis is a complex process that requires a spe-

cific microenvironment generated by somatic cells to 

Table 7. Serum levels of testosterone in rats treated orally with 

the methanol subfraction of the benzene chromatographic fraction 

of the chloroform extract of C. papaya seeds at 50 mg per kg body 

weight per day (values are mean ± s.e. of five animals)
Treatment schedule                                Testosterone (ng mL

−1
)

Control 3.91 ± 0.41

Treatment period

   60 days 3.26 ± 0.90

   120 days 3.88 ± 0.77

   180 days 3.16 ± 0.15

   240 days 2.75 ± 0.71

   300 days 3.72 ± 0.31

   360 days 2.91 ± 0.44

Recovery period

   60 days 2.76 ± 0.94

   120 days 3.13 ± 0.45
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provide support and nurturing for the developing germ 

cells throughout their proliferation and differentiation 

[3].  Somatic cells form a blood–testis barrier through 

tight junctions between adjacent Sertoli cells, which 

creates a unique environment for germ cell develop-

ment and also protects the differentiated haploid germ 

cells from recognition by the immune system.  In addi-

tion, they phagocytose the residual cytoplasm from ma-

ture sperm cells and may absorb interstitial fluid, which 
is secreted into the lumen of the seminiferous tubule to 

aid sperm transport to the rete testis and epididymis [3].

It is well known that the Sertoli cells are susceptible 

to testicular damage.  The presence of agranular endo-

plasmic reticulum and stacks of granular endoplasmic 

reticulum, numerous mitochondria and multiple Golgi 

bodies in the basal part of the cytoplasm are character-

istics of Sertoli cells, which are metabolically active, 

producing protein and steroids [1].  Proteins necessary 

for the differentiation of germ cells are secreted at their 

highest rates in the testis during spermatid elongation 

and spermiation.  Physiologically, Sertoli cells are
 
re-

sponsible for protein secretion, which aids in specific 
steps of germ cell maturation [3].  These proteins, in 

addition to being synthesized by Sertoli cells, are cap-

tured at the basal pole of the Sertoli cells, transported 

upwards to their adluminal parts and transferred to the 

germ cells [3].  Sertoli cells in a regressed testis do not 

contain conspicuous stacks of granular endoplasmic 

reticulum, which is consistent with the reduced protein 

secretory function of these Sertoli cells [1].

In the case of gossypol-induced spermatogenic ar-

rest in laboratory animals, it has been reported that the 

specific targets of gossypol’s action on spermatogenesis 
are the mid and late stages of spermatids and spermato-

cytes, with accompanying degenerative changes in the 

Sertoli cells [32].  The subcellular target for gossypol 

is the mitochondria of the spermatogenic cells, and 

the spermatozoa derived from the testes of the animals 

treated with gossypol show remarkable damage in the 

mitochondrial sheaths.  Inhibition of mitochondrial ATP 

production in isolated hamster spermatids has also been 

well documented, suggesting that the mitochondria and 

their energy production are the specific targets of the 

action of gossypol on spermatogenic cells [32].

The main aim of this investigation was to ascer-

tain the safety and mechanism of action of long-term 

treatment with MSF—specifically, whether the effect 

of MSF is a simple cytotoxic effect on the germ cells 

or is mediated by other factors, such as Sertoli cells, 

on the basis of the evidence obtained from earlier in-

vestigations after short-term treatment with C. papaya 

seed products [7, 11–17].  Such experiments would 

establish C. papaya seeds as a potent male contracep-

tive.  In this investigation, damage to Sertoli cells was 

evident in the MSF-treated animals.  The damage was 

characterized by cytoplasmic vacuolization and mito-

chondrial damage, similar to the results observed in 

gossypol-treated rats [32].  The ultrastructural defects 

in spermatocytes and spermatids, particularly in those 

that interfere with the spermiation process, could be 

because of disturbances in the microenvironment of the 

Sertoli cells, disturbances that affect the protein syn-

thesis machinery essential for germ cell differentiation.  

Persistent damage to the Sertoli cells may have resulted 

Table 8.  Reproductive performance of the male rats treated orally with the methanol subfraction of the benzene chromatographic fraction 

of the chloroform extract of C. papaya seeds at 50 mg per kg body weight per day (values are mean ± s.e. of five animals).
Treatment schedule      No. of males/females          No. of females delivered                                 No. of litters                    % Fertility

Control 5⁄10                                            10 52 100
Treatment period

   60 days 5⁄10  0   0     0
   120 days 5⁄10  0   0     0
   180 days 5⁄10  0   0     0
   240 days 5⁄10  0   0     0
   300 days 5⁄10  0   0     0
   360 days 5⁄10  0   0     0
Recovery period

   60 days 5⁄10  6 37   60
   120 days 5⁄10                                            10 49 100
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in faulty spermatid differentiation, which ultimately 

led to teratozoospermia.  Treatment-induced vacuoliza-

tion of the Sertoli cells resulted in changes or decreases 

in seminiferous tubule fluid secretion, which further 

resulted in apical sloughing or shedding and germ cell 

death [4].  Although a reduction in the weight of the 

testes was observed in this investigation, it was statisti-

cally insignificant and possibly attributable to the fact 
that the changes in the Sertoli cells and germ cells were 

at a subcellular level.  These changes led to cytoplas-

mic vacuolization and nuclear pyknosis, without loss 

of germ cells or Sertoli cells and without affecting the 

process of spermatogenesis, as in gossypol-treated rats 

[4].  Recent evidence also suggests a role for oxidative 

stress, caused by many factors, including tissue dam-

age, in defective sperm function [33, 34].  The initial 

damage in the Sertoli cells, leading to apoptosis of germ 

cells, could result in generation of reactive oxygen spe-

cies (ROS), which alter sperm cell membrane integrity, 

leading to loss of motility [33, 34].

It is concluded that long-term daily treatment 

with MSF for a period of 360 days results in necrotic 

changes in the seminiferous tubules of the testis, show-

ing sparse cytoplasmic organelles and vacuolization 

in Sertoli cells, and nuclear pyknosis in spermatocytes 

and spermatids.  Available data indicate that the effect 

originates in the Sertoli cells, as evidenced by the mor-

phology of the testis after 60–120 days of treatment, 

whereas histology and ultrastructural analysis indi-

cated damage only in the Sertoli cells.  Initial damage 

in a few of the spermatocytes at 120 days and severe 

damage to the spermatocytes and spermatids after 240 

days of treatment indicate that the deficient Sertoli cell 
factors (proteins) might subsequently affect spermato-

cyte and spermatid maturation.  In particular, nuclear 

decondensation, acrosome formation and mitochondria 

may be affected, which may in turn result in defec-

tive spermatozoon production in the testes, reflected in 
increased numbers of abnormalities and loss of motil-

ity in the cauda epididymal spermatozoa.  It has been 

reported that the morphogenetic factor involved in de-

velopment of the normal head shape of spermatozoa is 

the degree of chromatin packing during the process of 

spermiogenesis.  Head abnormalities detected at short 

time intervals in epididymal sperm imply damage to 

the nuclei of late elongated spermatids.  Persistence of 

teratozoospermia for a longer duration implies dam-

age to Sertoli cells, which affects germ cells and results 

in faulty spermatid differentiation [35].  In addition, 

the possibility that oxidative stress leads to excessive 

generation of ROS from apoptotic cells and defective 

spermatozoa that in turn cause alterations in sperm pa-

rameters after 60 days of treatment cannot be ruled out 

[33, 34].  Normal subcellular characteristics of the Ley-

dig cells, together with the unaltered serum testosterone 

levels throughout the study period, and unaltered an-

drogenic parameters (weight of accessory reproductive 

organs, fructose levels of seminal vesicles and ACP 

levels of ventral prostates), eliminate any possibility of 

hormone-mediated disruption of spermatogenesis.
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