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Summary
India inherits a rich herbal heritage. In  India, traditional system of medicine ( Ayurveda, Siddha and Unani ) togetner with Homeopathy and Folklore medicine continue to play an important role in the healthcare system of the population at large.  Purulia District of  West Bengal, India,  is provided with also a good  number of  aboriginal and tribal communities,  diversified plant species and rich heritage of  Ethnomedicines. The  tribal  people  and ethnic races throughout the world have developed  their own medical practices. Besides using medicinal plants for  various diseases , the tribals also use plants and other materials for contraceptive purposes.  Amongst the various types of preparations used by the Santal Medicine men,  the root extract of Achyranthes aspera L. was selected  for the present experimental study of antifertility activity in the  male albino mice.

Oral  administration of 50% methanolic  root extract of Achyranthes aspera (  Apang, common Santal Tribal name ) at the  dosage of  1  g/kg.bw./day for 21 days to male albino mice caused perceptible changes on the weight of the testis and other reproductive organs, the relative  percentages of the secondary spermatocytes and spermatids.  On the other hand the relative percentages of the spermatogonia, primary  spermatocytes and Sertoli cells were increased.   The gradual  decease in the seminiferous tubular area ,  epithelial cells nuclear diameter and tubular  area of the epididymis , height of the ciliated epithelium, Sertoli cells nuclear diameter and sperm  populations were also  observed.  Amongst the biochemical  parameters ,  significant decrease of acid and alkaline  phosphatases and increase of ascorbic acid and cholesterol level within the testis were observed. The acid  and alkaline  phosphatases  were deceased   and lipid materials  were inceased histochemically within the  testicular tissue and adrenal cortex of the A.aspera treated mice. Gradual  recovery  in all the biochemical and histological parameters after withdrawal of the treatment suggest that the treatment of A.aspera  produced reversible  infertility in male albino mice without inducing any side effect.
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Introduction
 Population explosion in certain parts of the world, especially in the  developing countries like India, has led to a continuous effort towards development of safer, reversible and easy to deliver modes of contraception. The development of new antifertility drugs from medicinal plants used by the tribal people is an attractive preposition. de Laszlo and Henshaw ( 1 ) have published a long list of such plants with original references. A number of articles have been published, suggesting the possibility of systemic contraceptives interfering with fertility by acting at any of the vulnerable points associated with reproduction ( 2, 3 ). Some of these plants have been mentioned repeatedly in the literature as antifertility agents ( 4, 5, 6, 7 ). 
From the field investigation report it has been seen that the root of Achyranthes aspera L. is widely used in comparison to other plant parts for the contraceptive purposes  among the Santal tribe of the District, Purulia, West Bengal, India. The Santal Medicinemen used the roots of  A. aspera for both male and female contraceptive as well as abortive purposes. This inspired us to carry out independent research on some aspects of male  antifertility. 

The plant Achyranthes aspera L. (Apang) belongs to the family Amaranthaceae is a common Indian weed and is used widely in folk medicine. Inspite of the uses of various plant parts of Achyranthes aspera L.( 8, 9, 10, 11, 12 ) it has been claimed to have most significant abortifacient activity with the benzene extract of stem bark of A. aspera ( 13, 14 ).  The n-butanol fractions of the root of A. aspera possess contraceptive efficacy in female rats and hamster when administered through oral route during pre-implantation period ( 15 ). The ethanolic extract of A. aspera possesses both anti-implantation and abortifacient activity in female albino rats ( 16 ). Oral administration of 50% ethanolic extract of A. aspera to male rat reduced sperm count, weight of the  epididymes, testosterone level in the serum  and testicular activity of 3(-hydroxysteroid dehydrogenase enzyme and increased cholesterol level in the testis, 17-keto steroid in urine and hepatic and fecal bile acid suggesting the reproductive toxicity of this extract in male rats ( 17 ). The combination of both 50% ethanolic extract of the root of A. aspera and the leaf of Stephania hernandifolia possesses potential contraceptive spermicidal activity in vitro in human ( 18 ). But there are no substantial reports on record regarding antispermatogenic action of A. aspera. 

The main objective of this investigation is to extend observations in details on the histological, histochemical and biochemical changes within the testicular tissues and other accessory sex organs  that are affected due to the oral administration of the A.aspera root extract. It seems that the changes which will be noticed due to the action of a component of the Santal Tribal medicine for antifertility purposes can be used in human being also, for the greater interest of the Society.
Materials and Methods
Animal model
Male albino mice of swiss strain were used in the present investigation. Mice weighing about 25 gm and aged between 60-70 days were taken and divided into three experimental  groups of 6 animals each. Animals were housed in metallic cages and  in uniform laboratory conditions (12.5hr. light: 11.5hr. dark cycle) and ambient room temperature ( 22o C – 24o C ). Food and water were given to the animals ad-libitum.

Extract preparation
The root of Achyranthes aspera L. was freshly collected during the months of September and October from the hilly regions of the Purulia District of West Bengal, India . Plant parts were dried under shade and mechanically pounded separately to obtain a coarse powder and submerged in 50% methanol for 48 hrs. The extracts were filtered and concentrated to dryness in a flash evaporator under reduced pressure and controlled temperature (50º-55ºC) to obtain a solid viscous brown mass, that was ‘Crude extract’ and was stored at 0ºC. The ‘Crude extract’ was weighed and diluted with distilled water (400mg/ml ) before use. The aqueous suspension was administered orally (1g/kg. b.w.) by glass syringe fitted with specially designed blunt needle .
Experimental protocol
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EXPERIMENTAL PROTOCOL

Groups

Drugs, Dose, Vehicles and Route of
administration

Autopsy date

Remark

Control *(6)

Only the vehicle ie., sterile distilled water, oral.

Animals autopsied with each
experimental group

Group A7 (6) Methanolic extract of oot of A .aspera, 1gkg 8% day 7 consecutive dose
bow. Jday for 7 days, oral, distilled water.

Group A15 (6) Methanolic extract of oot of A. aspera, 1gke 16% day 15 consecutive dose
bow. fday for 15 days, oral, distilled water.

Group 421 (6) Methanolic extract of A. aspera, 1glkg b.w. / day 22 day 21 consecutive dose

for 21 days, oral, distilled water.

“*Number of animals




The mice were randomly divided into 3 experimental groups of 6 individuals each, namely Control , A 21 and  R. All the mice in group A21 received 50% crude methanolic extract of the  root of Achyranthes aspera at a dose of 1g/kg b.wt. /day for 21 days and were autopsied on  22nd days. All the mouse of group R received the same dose  of  A.aspera root extract  for 21 days and were sacrificed at 3 weeks after the cessation of the treatment. Control animals received equivalent amount of distilled water as vehicle. The detailed experimental schedule is given in the table ( Table 1 ).
Final body weight of individual mice was recorded on the day of autopsy. At necropsy, the various organs of interest (testes, epididymes, vasdeferens, seminal vesicle, coagulating and prostate gland, adrenal gland, spleen and kidney) were quickly taken out, weighed on a torsion balance and processed for histological and spermatokinetic studies. Gravimetric data were recorded for the evaluation of gonosomatic index.

Histological  Study

For histological work, tissues were fixed in Bouin’s fluid and processed for routine microtomy. 6µm thick paraffin sections were made, stained with Cason’s trichrome and Haematoxylin-Eosin procedures. From the well-stained sections of the  testes and the  epididymes of various groups, observations were made and photomicrographs taken. Well stained sections were mainly used for the cytometric measurements.  The quantitative data were recorded properly for  analysis.
Cytochemical  Study
For the cytochemical localization of lipids, alkaline phosphatase and acid phosphatase within the testis and adrenal gland of control and various experimental groups, the following methods were employed. They are:

a) Sudan III and IV ( 19 )

b) Acid phosphatase ( 20 )

c) Alkaline phosphatase ( 21 )
Biochemical  Study

For the quantitative estimation of various biochemical components the testis were quickly taken out after autopsy, weighed in a torsion balance, homogenized in different required media for the extraction of cholesterol, ascorbic acid, acid and alkaline phosphatases. After homogenization they were centrifuged and the supenatant were taken to estimate the following components. They are:

1) Total cholesterol ( 22 )

2) Ascorbic acid ( 23 )

3) Acid and alkaline phosphatases ( 24 )

All the measurements were made at various wavelengths with the help of a spectrophotometer (Spectronic 20 Genesys). After thorough processing for each biochemical component, the estimations were made and the data were recorded, calculated and analysed statistically. 
Sperm Paramet er  Study

For sperm parameter studies, the left cauda epididymis was weighed and placed in 5ml PBS ( 0.01M, ph 7.0 ) at 37ºC and minced with fine scissors and thoroughly mixed. A drop of the  suspension was placed in a Neubauer chamber of the haemocytometer and the numbers of sperm heads were counted ( 25, 26 ).

Hematological  Study

During the time of autopsy, the heart of the animal was punctured. Blood was collected for the total count of RBC, WBC and differential count of WBC. The cells were counted with the help of Neubauer haemocytometer ( 27 ). For PCV and hemoglobin measurements, EDTA was used as an anticoagulant.
(a) For PCV, the method described by Schalm et al. ( 28 ) was followed. 

(b) The Hb was estimated by Sahli’s Haemoglobinometer ( 27 ).

C) Mean corpuscular haemoglobin (MCH), mean corpuscular volume (MCV), mean corpuscular haemoglobin concentration (MCHC) were calculated from the haematocrit (PCV), RBC and Hb as described by Chatterjee ( 27 ).

Statistical  Analysis 

 The quantitative histological , biochemical and haematological data,  were recorded, calculated and analysed statistically, with the help of Student’s ‘t’ test procedure ( 29 ). Significant tests were considered at 5% level.



Results
Body weights of the animals remained unaltered in all the treatment groups. Significant changes in the weight of the testis, epididymis, vasdeferens, seminal vesicle, coagulating gland, ventral prostrate, and adrenal gland weight were noticed in A21 group (Table 2 ). 
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Changes in the body, testis, and major accessary sex glands weight of adult male albino mice after the
administration of the root extract of Achyranthes aspera L. at the dose of 1g/kg body weight

Relative weight (mgf100gm body weigh)

Growpe Body wt Tests Epididymis (ng) | Vasieferens (ng) | Seminalvesicle | Coogubiing | Ventralprostae
) ) (ng) ghnd (ng) (ng)

Contil (6 | 28.00 303+ 67107£9182 26865 +69.60 10339 £1420 42011 £47.41 20.13+697 12415+1403

ATHHE) 2616242 51836+55.08 183.06 £66.46 7191 £10.11 30395 £4591 2AHL69% 109.75£20.44
3 & NS

Al5(6) 25331408 44244£89 66 13206 £1591 53041104 19097 £73.74 1510£5.27 7811776

A21(6) 2550138 25621£57.09 982010375 3698+924 14862+19.20 803+239 52241896

* Nurnber of animals used in each group
= &7: Treatment of A. aspera for 7days; A15: Treatment of A. aspera for 15 days; A21: Treatment of A asperafor 21

days;

= Mean + Standard deviation

*54% Pyabie (PE05)
NS Not significart,

SEm: StandardExror of the Mean
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Percentage of spermatogonia, spermatocyte, spermatid and Sertoli cells within the

seminiferous tubules of testis and sperm count within the cauda epididymis of adult male

albino mice after the administration of the root extract of A. aspera at the dose of 1gikg body

weight
Groups Spermatogoni Primary Secondary Spermatid Sertoli cell | Sperm count/mg
a spermatocyte |  spermatocyte ) @) Cauda
) () () epididymis X105
Conteal (6| 4762097 % 2199 £365 3675238 3392290 3me018 9642131
470 5542079 %52+ 460 359544 2434 382061 7792034
N5 N5 N5 n 15 e
A5G 8582037 45112335 32192204 8742308 53121 392 103
a2E 1442232 266+ 463 14222537 3992251 2102102 1672098

* Nurnber of animals used in each group
**Mean + Standard deviation

4 Boyalue (PE0.05)
NS: ot significant,

SEm: Standard Ervor of the Mean




A major depletion on the relative percentages of the secondary spermatocytes and spermatids and elevation of the relative percentage of spermatogonia, primary spermatocytes and Sertoli cells were observed in A. aspera treated groups ( Table 3 ). 
The gradual decrease in seminiferous( Figs. 1, 2, 3, 4 ) 
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and epididymal tubular area( Figs. 5, 6, 7, 8 ), 
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« EXPLANATION OF FIGURES

Fig. 1. Seminiferous tubule of the control mice testis showing different germ cell types with
abundant spermatids and mature sperms ( X450 )

Fig. 2. Testicular section of the male albino mice showing disruption of spermatogenesis after
7-days oral administration of the root extract of A.aspera. Note the lesser number of mature
spermatid. ( X 450).

Fig.3. Testicular section of the male albino mice after 15-days oral administration of the root
extract of A.aspera. The regressed seminiferous tubules show the loss of secondary
spermatocyte, spermatid and spermatozoa. Note the presence of cluster of spermatids within
the tubule ( X 450 ).

Fig.4. A necrotic structure of testicular section after 21-days oral administration of root extract
of A.aspera. Sertoli cells, spermatogonial cells and primary spermatocytes are present within
the tubules. Note the spacious lumen of the seminiferous tubule, which is devoid of
spermatozoa ( X 450 ).




height of the ciliated epithelium, nuclear diameter of the Sertoli cells and epididymal epithelial cells were also observed in A. aspera treated group. The histoarchitecture of the testis (Fig.4)  of group A21 showed drastic degenerative changes in the seminiferous epithelium, arrest of spermatogenesis at the secondary spermatocyte stage, cytolysis and the lumen were  filled  up with eosinophilic materials. 

Histochemical studies clearly revealed that acid and alkaline phosphatases within both the testicular and adrenal tissues were decreased and sudanophilic lipid materials were increased in A. aspera treated group ( Table 4 ) . 
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Amongst the biochemical parameters, significant decrease of acid and alkaline phosphatases and increase of ascorbic acid and cholesterol levels were observed within the testis in group A21( Table 5 ) . 
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« EXPLANATION OF FIGURES

Fig.5. Portion of cauda epididymis of control mice. Tubules are normal and filled with numerous
sperms ( X200 )

Fig.6. Section of cauda epididymis of the male mice after the oral administration of A.aspera
root extract for 7-days . Figure exhibited the decreased number of sperm population within the
lumen ( X200 ).

Fig.7. Section of cauda epididymis of male mice after 15-days oral administration of A.aspera
root extract . Lumen contained only few spermatozoa and pycnotic cells ( X200 ).

Fig.8. Section of cauda epididymis of male mice after 21-days oral administration of A.aspera
root extract . Sign of acute atrophy was noticed within the tubule. Note the absence of
spermatozoa within the lumen ( X200 ).




Some blood parameters, such as, haemoglobin (Hb), total red blood corpuscle (RBC), white blood corpuscle (WBC), packed cell volume (PCV), mean corpuscular haemoglobin (MCH), mean corpuscular volume (MCV), mean corpuscular haemoglobin concentration (MCHC) and different leukocyte counts were considered. There was no significant change in all the haematological parameters in the treatment groups.

When the results of all the observations (gravimetric, histological, histochemical and biochemical) were considered, most of the changes were noticed in 21 days of  A. aspera treated animals. However, all the values restored to normal level after withdrawal of the treatment of A. aspera.

Discussion
Results of the present study have furnished ample evidence that oral administration of methanolic extract  of  A. aspera root extract for 21 days at the dosage of 1g/kg b.wt./day caused adverse effect on the testicular tissue of the albino mice. The root extract of A. aspera did not cause loss in body weight. It produced a noticeable decrease in the weight of the epididymis, seminal vesicles, vasdeferens, prostate, coagulating and the adrenal gland. The drastic decrease of the testicular weight and shrunken appearance of the seminiferous tubular areas indicate wide spread testicular damage ( 30 ). The decrease in weight of the accessory sex organs indicates the atrophy of the glandular tissue and also reduction in secretory ability of the gland ( 31 ). The histoarchitecture of the  testis showed degenerative changes in the seminiferous epithelium, significant reduction of the seminiferous tubular area, arrest of spermatogenesis at the secondary spermatocyte stage, cytolysis, and the tubular lumen filled up with eosinophilic necrotic tissue  materials. During the course of study some multinucleated germ cells were also observed within the tubules, which seemed to be formed by the coalescence of developing spermatids or secondary spermatocytes. Previous studies indicate that the giant cells may arise because of multiple nuclear divisions unaccompanied by cell cleavage ( 32 ) . These testicular degenerative features indicate that the extract of A. aspera may inhibit the gonadotrophin (FSH), which is essential for spermatogenesis. 

Sertoli cells play a fundamental role, either directly or via secreted factors, in the control and maintenance of spermatogenesis, for which FSH and testosterone are also required ( 33 ). The seminiferous tubular area and Sertoli cells nuclear diameter were significantly reduced due to A. aspera treatment. Sertoli cells control testis growth, including the proliferation and differentiation of spermatogonia ( 34 ). Apparent increase of Sertoli cells per tubular cross section could simply result from tubular shrinkage. 

At 21 days of A. aspera treated animals, all the tubules showed spermatogenetic arrest. These tubules were devoid of secondary spermatocytes, spermatids and spermatozoa. Rapid decrease in testis weight is due to the significant reduction in the seminiferous tubular area and increase in the interstitial volume and depletion of the spermatocytes, spermatids and spermatozoa in all the tubules. There are no normal spermatozoa in the cauda epididymis for 21 days of A. aspera treatment. After 21 days of cessation of treatment of A. aspera root extract, spermatogenesis was resumed with progressive repopulation of the seminiferous tubules .  However, recently, it has been seen that the normal spermatogenesis is resumed in almost all the tubules with a complete recovery of the Leydig cells after 24 days of cessation of the treatment of Azadirachta indica leaves extract (100 mg/rat/day) for 24 days in male albino rats ( 35 ). 

From the histochemical study, there was an apparent increase in lipid content within the testis and adrenal of A. aspera treated animals in comparison to the control group. Similar feature was also observed in the busulphan treated gerbil testis ( 36 ). 

The quantitative biochemical changes indicated the increase of total cholesterol in the testis of the root extract of A. aspera treated animal in comparison to the untreated mice. Similar results have been obtained on treatment with Aldrin, an organochlorine insecticide that suppressed the testicular steroidogenesis ( 37 ). Testicular cholesterol has been reported to be physiologically important since cholesterol inhibits/stimulates spermatogenesis ( 38 ) and acts as the precursor for androgen biosynthesis. It has been well established that the cholesterol is required for the normal activity of testis ( 39 ). Increased testicular cholesterol content is also suggested for reduction in steroid production ( 40, 41 ). Elevated testicular cholesterol level may be implicated with the altered lipid metabolism, which is frequently associated with testicular atrophy ( 42, 43 ).

Decreased alkaline and acid phosphatase have been observed in the present investigation both biochemically and histochemically. The depletion of acid phosphatase and alkaline phosphatase activity in the seminiferous tubules may be correlated with the germ cell population of the tubules. Thus depletion substantiated histological regression, which further supports the fact that these enzymes are supposed to be associated with growth, differentiation, maturation and nutrition of the spermatogenic elements of the mammalian testis ( 44, 45, 46 ). As phosphatases are known to be associated with the dephosphorylation of phosphorylcholine in the mammalian testis ( 44 ) so depletion in the levels of acid and alkaline phosphatases, as recorded in this study, may indicate inhibition in sperm nutrition and sperm metabolism as well as slow rate of dephosphorylation and other phosphate transfer reactions. 

The present investigation indicates the elevation of ascorbic acid within the testis at 21 days chronic treatment of A. aspera. Such a change reflects primary differences, attributable to the loss of spermatogenic elements or enhanced uptake of ascorbic acid from the surrounding medium. Role of ascorbic acid in the process of steroidogenesis is well known. In mammals, ascorbic acid has been found to exert an inhibitory role on steroidogenesis ( 47 ). As ascorbic acid is a known catalyst for both lipid peroxidation and alteration of unsaturated fatty acid composition ( 48 ). So the involvement of ascorbic acid in the process of steroidogenesis in the testes of mice of control and treated groups may be taken into consideration.

After chronic treatment of A. aspera, the epididymal epithelium and tubular area were regressed and the lumen was devoid of spermatozoa. There was no normal sperm in the epididymal lumen at 21 days of chronic treatment. A decrease in sperm reserve may be a reasonable cause for reduction in the weight of the epididymis.  Sandhyakumary et al., ( 17 ) reported the significant decrease in testosterone level in the A. aspera treated rats. There is a possibility that significant decrease in testosterone level may decrease the sperm density. The results indicate an inhibitory effect of the A. aspera root extract on spermatogenesis and epididymal sperm maturation. In many of the plant-based contraceptives, inhibition of male fertility, after the administration of natural substances has been ascribed to decrease sperm motility and density ( 49, 50 ).

Hematological parameters used in this investigation in all the treated groups remain unaltered. No sign of clinical sickness or mortality was observed throughout the experiment. So clinical investigations are suggestive of lack of toxicity of the crude extract of A. aspera root as all the haematological parameters were within the normal range. The findings of various investigators ( 51, 52, 53, 54 ) supported the results of the present study. 
In the present investigation the higher accumulation of lipids and cholesterol (quantitative result) within the testis suggest the inability in the conversion of cholesterol to androgen due to chronic administration of crude extract of A. aspera. It is known that testosterone is required for the final stages of spermatogenesis ( 55 ). It is reported that, gonadotrophins, especially prolactin and LH are believed to play a significant role in lipid and cholesterol metabolism in steroid secreting gland cells  (e.g., Leydig cell and Sertoli cells) of gonad ( 56 ). It is also reported that severe testicular damage is associated with Leydig cell dysfunction, as evidence by elevated serum levels of LH, low levels of testosterone a poor response of testosterone to hCG and an exaggerated LH rise following LHRH ( 57 ). 

Lower testosterone synthesis caused complete arrest of spermatogenesis and mass atrophy of the spermatogenic element in male rats due to chronic administration of Tinospora cordifolia stem extract ( 58 ) and also due to chronic administration of Albizia lebbeck bark extract ( 54 ). The ethanolic extract of A. aspera root suppresses the production of testosterone and increases the catabolism of testosterone ( 17 ).

These results lead to conclude that in the present study A. aspera was found to induce definite suppressing effect on the secondary spermatocyte, spermatid and spermatozoa population. In conclusion, the oral administration of the crude 50% methanolic extract of A. aspera root (1g/kg b.wt./day) induced reversible infertility in male albino mice due to interference in the testicular androgen levels altering the process of spermatogenesis without inducing any side effects.  
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Some biochemical components within the testis of adult male albino mice after the
administration of the root extract of A. aspera at the dose of 1glkg body weight

Groups (nM/100mg fresh tissue) (mg/100mg fresh tissue)
Acid phosphatase Alkaline phosphatase | Cholesierol Ascorhic acid

Control 0,642 £ 0.0863+* 0.246 £0.035 0858 £0.196 0.0294£0.0029
"

A78 057420127 0.233 £0.056 131220183 0.0346 £0.0032
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AL5 6 0.152 £0.023 0.144 £0.016 16510244 0.416 £0.0031
2216 0.0395£0278 0.096 +0.020 2050 £ 0.154 0.0429 £ 0.0031

* Nurnber of animals used in each group

**Mean + Standard deviation
4% Poyalue (P40.05)

NS: Mot significant,

SEm: Standard Ercor of the Mean
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Histochemical reactions (intensity) within the testicular tissue of adult male albino mice after the
administration of the root extract of A. aspera and ‘Banda’ extract of V. negundo at the dose of 1g/kg body
weight

Regions Intensities of reactions in different groups
Methods Control Group A7 GroupAlS GroupA2l
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