Evidence based studies on single Ayurvedic herbs as Vajikarana w.s.r. to spermatogenic effect : a critical review 

Abstract:  Background: To manage male infertility, Ayurveda advocates vrishya drugs either single or compound herbal formulations, or both, under Vajikarana Chikitsa. Taking these classical claims into consideration, there is an increasing trend of usage of herbal drugs in infertility management pertaining to increase sperm count and motility. Many research works have been carried either on animal models or through clinical studies to prove the authenticities of certain classically important Ayurvedic drugs. But, so far no single hand information is available regarding the evidence based data of Ayurvedic medicinal plants with special reference to their spermatogenic potential. Material & methods:  In this paper, an attempt has been made to compile the information through a computerised literary search of pre-clinical and clinical data from various search engines from available scientific journals up to 2014 and some unpublished research works of Gujarat Ayurved University, Jamnagar. Results: Review shows that thirty Ayurvedic medicinal plants, out of which, 20 single Ayurvedic medicinal plants have been screened for their spermatogenic effect in animal models, 20 single plants have been clinically reported in management of oligospermia & 10 medicinal plants have been reported in both types of studies.
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Introduction
American Society for Reproductive medicine defines infertility as condition of reproductive system that impairs body’s ability to perform the basic function of reproduction (http://www.urmc.rochester.edu/).  Forty one percent (41%) of male infertility is due to poor sperm counts, defective sperm anatomy and physiology. (Times of India, 20 Sept. 2013)

Factors contributing to infertility i.e. male infertility in particular, include changes in lifestyle, stress and recent trend of late marriages leading to negative impact on various parameters associated with semen quality, including sperm concentration, motility and morphology. 

The causes specified in Charak Samhita show an unconditional similarity in today’s etiology too. Ayurveda advocates use of single vrishya drugs or their combination in Vajikarana Chikitsa to manage  male infertility. (Charak Samhita, 2011) More than 190 plants have been highlighted for their vrishya properties in different classical texts of Ayurved. (Acharya RN, 2002). Many research works have been carried out to prove the vrishya/vajikarana effects of certain single or compound formulations highlighted in Ayurveda. Near about 120 theses, as a part of PG and PhD level research work, have been carried out at different institutions among which 26 are related to abnormal seminal parameters, shukra dushti, etc . A review on these works suggests that, these works were carried out to assess the efficacy of single herbs or herbal compounds or metallic preparations or to assess the efficacy of panchakarma therapy. (Girish KJ,2007)
The growing trend of usage of medicinal plant products in the management of male infertility makes it necessary to report the evidence based data on the medicinal plants of Ayurveda. Evidence based data of non-ayurvedic herbs found in western countries is available on a large scale but a very meagre collective data is available on the spermatogenic potential of Ayurvedic medicinal  plants in particular, except a very review studies (Thirunavukkarasu M S et al, 2010) ,( Girish K J,2007)
In this paper, an attempt has been made to compile the information through a computerised literary search of pre-clinical and clinical data from various search engines from available scientific journals up to 2014 and some unpublished research works of Gujarat Ayurved University, Jamnagar. More than 40 research articles were found online and 18 MD/PhD awarded theses from Gujarat Ayurved University up to 2014.  The observed data of thirty plants  has been represented in Table 1.  Works consisting of multi-herbal formulations and panchakarma therapy have been excluded from this study and a critical review of all the evidence based reports of spermatogenic potential of certain Ayurvedic single herbs were made regards to classical names of the plants, parts used, dosage forms, type of study reported. 
Results & Discussion:

Review shows that thirty Ayurvedic medicinal plants, out of which, 20 single Ayurvedic medicinal plants have been screened for their spermatogenic effect in animal models, 20 single plants have been clinically reported in management of oligospermia & 10 medicinal plants have been reported in both types of studies. Most of these studies are especially clinical are preliminary and need to be properly planned but they have surely  generated sufficient data to scientifically ascertain the role of single ayurvedic medicinal plants on spermatogenesis. 
1) Aakarkarabh (Anacyclus pyrethrum DC)   

Preclinical:

a)  Evaluation of aqueous extract of root of Anacyclus pyrethrum on sexual behaviour, spermatogenesis  and  sperm count was done in  4 groups of adult male Albino wistar rats.   Group 1 was normal control, Group 2 & 3 received aqueous extract of dried roots of A. pyrethrum in doses of 50 mg/kg, 100 mg/kg per oral.  Group 4 received testesterone suspension in arachis oil twice a week IM as a standard control for a period of 28 days.  The sperm count and fructose levels in seminal vesicle were markedly increased after the 28 day study. All test groups  had a dose dependent influence on sperm count and seminal fructose concentration which increased significantly.
(Sharma Vikas, 2008)
b) A preliminary in vivo study was carried out in ten  immature rats to assess the efficacy of 

Anacyclus pyrethrum root into 2 groups. Group 1(n=5) received A.pyrethrum- dose: 36mg/kg /day for 15 days and Group 2 received Tween 80 for 15 days. Statistically non-significant results was observed in seminal vesicles and increase in weight in epididymal weight but, large number of sperms, well differentiated epithelium & interstitial tissue was observed. (Acharya Gopabandhu, 1992)

Clinical: The efficacy of Akarakarabha  root powder was assessed in 7 infertile males in a dose of 1g twice daily with plain water for two months; control group (n=7) received plain water. Non-significant increase in seminal quantity, sperm motility but no significant results were obtained on total count of spermatozoa. (Acharya Gopabandhu, March-1992)

2) Amalaki (Emblica officinalis Gaertn.)

Effect of Amalaki Rasayana (prepared by triturating Amalaki fruit powder with Amalaki fruit juice was observed in 14 patients of asthenozoospermia;  administered in a dose of 3gms along with honey, ghee and milk for one month. There was a significant increase in RLP motility and decrease in immotility. ( Soni H, 1998)
3) Ashwagandha  (Withania Somnifera L. Dunal) :
Preclinical:

The antioxidant effect of ethanolic extract of leaves of Withania somnifera (Ashwagandha) was studied on spermatogenesis of oxidatively stressed mice. The mice were divided into 3 groups (each group n=4) : group 1 received sterile water, group 2 received 5% D-galactose  (for inducing oxidative stress) thus serving as disease control. Group 3 received 2% alcoholic extract of Ashwagandha leaves. The study of 15 days showed an  increase in the total as well as mitochondrial peroxidation in both testis and epididymis of D-galactose stressed mice as compared to control group. Sperm count was found increased in the Withania administered mice as compared to the galactose treated group. (Patil Rahul B, 2012)
Clinical:

a) Clinical evaluation of spermatogenic activity of Ashwagandha root extract was assessed in  68 oligospermic  male patients having sperm count below 20 million/ml. They were divided into two groups, of which one received 225 mg of Ashwagandha root extract in capsule form and the other received placebo. As compared to placebo group, there was a significant increase in sperm concentration, sperm motility and semen volume in Ashwagandha treated group on day 90.  (Ambiye Vijay R et al)
b) The efficacy of Ashwagandha powder was evaluated in fifteen patients of oligospermia in a dose of 2g with 150 ml of cow’s milk for a duration of one month. There was a significant improvement observed in both active and sluggish sperm motility, volume, viscosity and decrease in non motile sperms after  the  treatment. (Chowdhary Amit, 2013)
c) In a clinical study, 24 patients received Ashwagandha powder was given in 3 g dose twice daily for 1 months with milk. No significant increase in sperm count and RLP(rapid linear progressive sperms), SLP (slow linear progressive sperm) motility was found. (Prasad BS, 1998)
4) Atmagupta (Mucuna pruriens L. DC)

Preclinical:

In a pre-clinical study, there was a significant increase in concentration of spermatozoa in the cauda epididymis of the rat and RLP motility. The area of interstitial tissue of the testis was increased in drug treated group (Godatwar P.K, 1995)

Clinical:

a) A clinical study was undertaken in order to evaluate the efficacy of Mucuna pruriens seed powder 5g/day for 3 months in semen profiles of 60 healthy fertile and 60 men undergoing infertility treatment. There was a significant inhibition in lipid peroxidation in test drug group.  Elevated spermatogenesis, and improved sperm motility was evident. (Ahmed MK, 2008)
b) A clinical study involved 60 normal healthy fertile men (as control group) and 60 subjects undergoing infertility screening (test drug group). Test drug group received seed powder of Mucuna pruriens in a dose of 5g for a duration of three months. There was an improvement seen in sperm count and motility in test group.  On the basis of results of the present study, it may be concluded that M. pruriens  improves semen quality.( Shukla Kamala kant,2010)

c) In this clinical study, the impact of Mucuna pruriens seed powder in 120 men out of which sixty where normal healthy fertile men and sixty were infertile men undergoing treatment. Both the groups received Mucuna pruriens seed powder in a dose of 5gm/day for three months with milk. Treatment with M. pruriens significantly inhibited lipid peroxidation, elevated spermatogenesis, and improved sperm motility.(Mohammad Kaleem Ahmed, 2007)

d) In a 30 day clinical study, twenty eight patients of  patients  of  male infertility and male sexual dysfunction were administered Kapikaccu bija churna in a dose of 3 gm twice daily with water. Total sperm count, and RLP motility and  semen viscosity showed improvement.(Raja Reddy G, 1999)
e) In the clinical study, 12 patients  received  Atmagupta  churna  in a dose of 3g twice a day for 1 month. Insignificant results were observed in improving sperm quality. (Godatwar P.K, 1995)
f) In a three month study on 14 patients of abnormal semen parameters, Mucuna pruriens seed powder in a dose of 2.5 gms tds with water exhibited increase in total sperm count, seminal quantity and sperm motility. (Dongarwar L.A, 1987)
5) Bahuphali (Corchorus depressus Linn.)

Preclinical:

Spermatogenic activity of Bahuphali whole parts powder in six immature rats in a dose of 500mg/kg was assessed for a duration of 60 days. No significant changes were observed in the study. Histopathological study gives evidence of stimulatory activity on seminal vesicles due to extensive branching of epithelium.  (Acharya R.N.,2002)  
6) Dhanyaka (Coriandrum sativum L):

Preclinical

Thirty mice, divided into three equal groups (each n=10); group1 as control; group-2 orally received 50ml/kg/BW; group-3 received 100ml/kg/BW of coriander dissolved in water.   Sperm concentration, motility and viability were significantly increased compared with control. Histology results showed that sperm numbers significantly increased in the luminal spermatozoa in both concentrations of coriander compared with control. (Mohammed Alessia, 2014)

7) Eranda (Ricinus communis L.)

Clinical:

Twenty eight diagnosed cases of Shukradushti (abnormal sperm parameters) received Eranda root  powder  in a dose of 3 g twice daily with water for 30 days. An improvement in total sperm count, in RLP motility and in semen viscosity was observed in this group. (Raja Reddy G, 1999)  

8) Gokshura (Tribulus terrestris Linn.):
Preclinical:
a) Effects of various doses of Tribulus terrestris  whole plant extract on epididymal sperm morphology and its quantity were assessed in 21 male albino wistar rats divided into the 3 identical groups of 7 rats in each, aged 3-4 month-old weighting 250-350g. Group 1 received normal dose of drug (5 mg/kg) and group 2 received the double dose of drug; control group received  distilled water and sugar for a duration of 8 weeks. Significant increase in the live sperm count, sperm maturity was observed in normal trial dose (5mg/kg)  group than other groups whereas malformed sperms were less in count  in the same group.(Ramin Kaffashi Elahi, 2013)
b) In this study, 30 mice were divided into two groups (n=20) for test drug group, (n=10) in control group; test group received Tribulus terrestris powder 2mg/kg body wt. once daily for 2 weeks. Histologically a considerable increase was reported in the number of spermatocytes, spermatids and sperms in parallel with an increase number of interstitial (Leydig) cells along with thickness of seminiferous tubule in comparison to control. (Malak-al-yawar et al, 2007)
c) In an experimental study, 35 mature albino wistar rats were divided into five equal  groups where one was control group and other experimental group received normal saline, rest three test drug groups received hydro-alcoholic extract of fruit in a dose of 2.5 mg/kg, 5 mg/kg and 10 mg/kg  once daily for a duration of  8 weeks. The results of this study showed that the mean number of primary spermatocytes in the 3rd experimental group (10 mg/kg/body) increased significantly compared with the control group. (Karimi Jashni, 2011)
d) Effect of ethanolic extract of Tribulus terrestris fruit was assessed in 18 male albino rats and in 18 cocks by dividing rats into two groups; first group in both was control and 2nd groups of both received 7.5 mg/kg/day of the trial drug for 4 weeks. There was an insignificant increase in the testosterone level of treated rats whereas there was an increase in sperm concentration and sperm motility in treated cocks. (Mohaned. Mohammad et al, 2013)
e) The effects of whole plant extract of Tribulus terrestris on body weight and testicular development of pre-pubertal  two-week old rats were divided  into two groups of 10 pups each. Group A served as control and Group B received Tribulus terrestris in an oral dose of 70mg/kg daily for 20 days. Histologically, there was a significant increase in the seminiferous tubules containing early spermatids. Spermatids of the experimental group were at acrosomal phase of spermatogenesis i.e advanced than control group.(Bashir Aruna, 2009)
Clinical:

a)  Seventy two patients between the age of 21 and 50 years diagnosed as Kshina Shukra (Oligozoospermia), were randomized to receive either Gokshura fruit granules 6gm twice daily for 60 days. The placebo group received barley powder 6gm twice daily before meals with warm water for 60 days. There was a significant increase in seminal parameters like volume, liquefaction time and total sperm count in patients treated with Gokshura granules as compared to placebo treated patients. (Thirunavukkarasu M Sellandi et al, 2012.) 

b) Twenty-one young healthy me  with age range 20–36 and   body weight ranging from 60 to 125 kg were randomly separated into three groups two experimental (each n = 7) and a control (placebo) one (n= 7). The experimental groups received 20 and 10 mg/kg body weight per day of Tribulus terrestris extract, respectively, separated into three daily intakes for 4 weeks. The results suggested neither direct nor indirect increase in androgenic properties. (Neychev et al.2005) 
c) A double-blind placebo-controlled trial was performed with 30 primary and secondary infertile men with oligoasthenoteratozoospermia. Half received oral Tribulus (Libilov tablet, 500mg dose) three times per day for 60 days, and the rest were given sugar pills. The ejaculate volume, sperm concentration, morphology, acrosome reactions were evaluated before and after treatment. There was significant increase in sperm motility and normal acrosome reaction. (Setiawan L., 1996)

9) Ikshuraka (Astercantha longifolia L. Nees.) 

Preclinical

The ethanolic extract of seeds of A. longifolia was administered in three groups of rats in 100, 150 and 200 mg kg⁻¹ doses for a period of 28 days and the results were compared to control group. The parameters like changes in body and organ weight, sexual behaviour, histo-architecture and fructose levels of seminal vesicles were assessed. Pronounced anabolic effects in treated animals, as evidenced by gain in the body weight and reproductive organ weights was observed. Increased spermatogenesis  was also witnessed in transverse section of testes of animals in trial group. (Chauhan NS et al, 2011)

Clinical

a)   Twenty one  patients were administered with Kokilaksa seed powder  in a dose of 2.5 gms tds with water for three months. A positive effect was reported on parameters of daurbalya, sperm motility, total sperm count. (Dongarwar LA, 1987)

b)  In a clinical study, the efficacy of Kokilaksa seed powder was assessed in 25 patients of oligozoospermia  in 5 g dose  thrice daily for 1 month with milk. Increase in RLP (rapid linear progressive) motility and reduced viscosity was observed in group receiving Kokilaksa seed powder. (Thakar AB, 2000)

10) Jatamansi (Nardocstachys  jatamansi DC)

Clinical:

In a three month study on 10 patients of abnormal semen parameters, Nardocstachys jatamansi  root powder in a dose of 2.5 g tds with water exhibited increase in total sperm count, seminal quantity and sperm motility and improved status of oligospermic patients. (Dongarwar L.A, 1987)

11) Kalajaji (Nigella sativa L.):

Preclinical:

Spermatogenic activity of aqueous extract of seeds of Nigella sativa was carried out in adult albino rats into two groups for 60 days where Group 1(n=20) received normal saline and group 2 (n=20) received test drug at a dose of 300mg/kg body weight.   A significant increase in the weight of reproductive organs was observed in the group receiving aqueous extract of seeds of Nigella sativa as compared to control group. There was a significant increase in sperm motility and sperm count in cauda epidydimides and testicular ducts with elevated number of spermatozoa in epidydimis.  The lumen of vas deferentia was observed to possess growth in sperm count. The testicular cells in rats of trial group showed a increase in number of spermatocytes and spermatids (p<0.001) when compared to control group. (Mukhallad A Mohammad, 2009.)

12) Kalinga (Citrullus vulgaris Schrad.)

Preclinical

Effect of hydro-alcoholic extract Citrullus vulgaris seed on the spermatogenesis was assessed on Wistar male rats (n=20). The rats were equally divided into two groups, one served as control and received distilled water whereas the other received the extract in a dose of 55mg/kg for 28 days. The extract exhibited significant increase in the sperm count, viability and motility. (Khaki Arash et al, 2013)

13) Kharjura (Phoenix dactylifera L.):
Preclinical:

In an experimental study, the effect of P. dactylifera was tested on sperm parameters and reproductive system of 60 adult male rats.  The animals were divided into 6 groups. Group A received 0.2 ml of normal saline mixed with Dimethyl Sulphate (DMSO) whereas groups B- F received 35 mg/kg, 70 mg/kg, 105 mg/kg, 140 mg/kg and 350 mg/kg of DPP (date pollen palm) extract respectively. It was observed that the consumption of DPP suspensions improved the sperm count, motility, morphology, and DNA quality with a concomitant increase in the weights of testis and epididymis. The study was concluded that DPP (date palm pollen) seems to cure male infertility by improving the quality of sperm parameters. (Bahmanpour S, 2006).

14) Krishna musali (Curculigo orchioides Gaertn.):

Preclinical: 

a)  A   preclinical study was carried out in Albino wistar rats (n=18) dividing them into three equal groups.  Group A;  control,  received 0.2 % gum acacia suspension,  Group B received  ethanolic extract of C.orchioides rhizome in a dose of 100mg/kg daily  and  group C received  standard Testesterone propionate suspension in a dose of  0.5mg/kg twice weekly for a period of thirty days. The extract treated group showed pronounced effects on the weight and size of the testis and all seminiferous tubules showed greater diameter with numerous spermatozoa. The germinal epithelium cells possessed large numbers of different cells at different stages of spermatogenesis. (Chauhan NS and Dixit VK, 2008)
b) In another  study,  the spermatogenic   property of  Krishna Musali (Curculigo orchioides)  root powder were studied  on 5 immature albino rats  in suspension form in a dose of 5g/kg once daily for 72 days. No significant activity was exhibited in increasing the seminal parameters. (Joshi Praveen, 2010.)

Clinical:

a)The  Krishna musali  tuber  powder  was administered  to  20  patients of  oligospermia in a dose of 6g along  with water  twice  orally  for a  duration of  60 days. There was a significant increase in sperm motility, seminal quantity and total sperm count in 2nd month.(Joshi.V.N.,1988)
b) In a clinical study in 39 patients with abnormal seminal parameters,  Krishna Musali  tuber powder was administered in a dose of  3gms twice daily for one month. There was a significant increase in semen volume only and non-significant increase in sperm count, motility.  (Joshi Praveen, 2010.)

15) Kshiravidari (Ipomea digitata L)

Clinical:

a) In a clinical study, efficacy of Kshiravidari tuber powder was assessed in 7 patients of abnormal seminal parameters for 1 month in a dose of  2g  twice a day with honey. There was a significant increase in volume of semen, sperm count, RLP motility whereas significant decrease in abnormal form of sperms, non-progressive motility.  (Acharya R.N,1996)

b)  A study was undertaken in 65 patients of oligozoospermia divided into two groups. Group 1 (n=35) received tablets of Kshiravidari tuber powder in a dose of 6 g per day in divided dose. Group 2 received roasted wheat powder in capsule form [4 capsules / day (each 500 mg)] for 45 days. There was a gradual increase in sperm count whereas RLP motility, SLP motility and NP motility was found to be decreased. There was an increase in total abnormal forms of sperm, liquefaction time, viscosity of semen, viability of sperm and Volume of semen. (Girish KJ, 2007)

16) Kumari (Aloe vera Tourn. ex.Linn.):

 Preclinical

a) In the present study, thirty two male wistar rats were divided into 4 groups, group one served as control, group 2 received the leaf gel extract (150 mg/kg) of Aloe, group 3 received leaf pulp extract (150 mg/kg) whereas group 4 received mixture of leaf gel and pulp extract (150mg/kg) for 56 days. There are was a significant increase in sperm count and motility and testosterone levels in treated groups comparatively more in mixture of gel and pulp.( Estakhar Jaseem, 2011)

b) Mice were divided in five groups randomly with eight members in each group. Groups were control, placebo (0.5cc of normal saline injection per day), and three experimental groups : 0.5cc of  hydro-alcoholic  extract  of leaf with 50, 100, and 200 mg/kg doses every other day for  twenty days. Results showed a significant increase in number of  stem cells and primary spermatocytes in the drug treated groups.( Modaresi Mehrdad, 2014)

17) Kushmanda ( Benincasa hispida Thunb. Cogn): 

Preclinical
Kushmanda seed granules were administered in animals in three groups 2, 3, 4 in doses of 550mg/kg, 1100mg/kg, 2200 mg/kg respectively in respectively. Group 1 was control group. The treatment duration was for 65 days. Among all the parameters, the histological parameters showed low statistical significance level in test drug groups. The test drug group showed significant increase in weight of prostate, testis and glandular sac enlargement in seminal vesicles.  (Mishra Shiromani, 2008.)

18) Kushtha (Saussurea lappa Decne.Sch.Bip)

Clinical:

Twenty eight patients divided into two groups, Group A (n=14) received test drug –Kushtha churna -1g twice daily with lukewarm water. Group B (n=14) received  standard drug- Gokshura Churna -2g twice daily with lukewarm water. The test drug group showed statistical significance in increase of  parameters like semen volume, sperm count, viscosity, and decrease in abnormal forms. The results where in comparison  to  control group. (Jani Dharmendra,  2010.)
19) Latakasturi (Hibiscus abelmoschus)
Clinical:

The  Latakasturi  seed  powder  was administered  in  20  patients of  oligospermia in a dose of 6g  along  with water as anupana twice daily orally  for a  duration of  60 days. There was a highly - significant increase in sperm motility, seminal quantity and total sperm count at the end of the therapy. (Joshi.V.N.,1988)

20) Methika (Trigonella foenum-graecum L.):
Preclinical:

A preliminary in vivo study was carried out in five immature rats to assess the efficacy of Trigonella foenum-graecum seed powder administered in the dose of 180 mg/kg bd.wt. for a duration of 15 days. Control group (n=5) with Tween 80 as  control. Enlarged tubules, large number of sperms, well differentiated epithelium & interstitial tissue was observed in test drug group.
 (Acharya Gopabandhu, 1992)

21) Paatalgarudi (Cocculus hirsutus L.):

Preclinical:

Effect of Cocculus hirsutus on the spermatogenic activity and function of accessory reproductive organs  was carried out in 24 adult male Albino Wistar rats by dividing them into 4 groups with 6 animals in each group. Control group .i.e. group 1 received Tween-80(1%) whereas groups 2, 3, 4 received Petroleum ether, chloroform and alcohol extract of aerial parts (stem and leaf) of C. hirsutus at a dose of 25 mg/100 g body weight to adult male albino rats respectively for 30 days. Out of the three extracts administered, alcohol extract showed highly stimulant spermatogenic effects in mature male albino rats. (Patil Sharanabasappa A, 2013)
22) Putranjivaka (Putranjiva Roxburghii  Wall.)

Preclinical:
Evaluation of spermatogenic activity of Putranjiva seed powder was done for 61 days in male albino  rats  divided into three groups where group 1 served as control while groups 2 and 3 received  drug in a dose of  540mg/ kg bd.wt /day and 1080 mg/kg bd.wt/day respectively. The test drug showed moderate sperm count enhancing property, sperm motility and from the histopathological studies it can be concluded that the test drug possesses androgenic activity. (Kulkarni Hrishikesh, 2004)

23) Safed Musali (Chlorophytum borivilianum L.): 

Preclinical:

a) A study, conducted to evaluate the spermatogenic potential of the aqueous extract of dried roots of Chlorophytum borivilianum   in rats, for 60 days shows significant increased in the sperm count  in both the  groups receiving test drug  in 125 mg/kg  and 250 mg/kg, in a dose dependent manner. (Kenjale et al.2008)
b) Safed Musali (Asparagus adscendens Roxb.)

Spermatogenic   property of Asparagus adscendens Roxb. One of the source drug of Shweta Musali  root powder  were studied  on 5 immature albino rats,  in suspension form, in a dose of 5g/kg, once daily for 72 days. A significant increase in the sperm count and statistically insignificant increase in RLP was reported in comparison to control rats. (Joshi Praveen, 2010.)
Clinical:

a) In a clinical study, 24 patients were administered root powder of Musali (Asparagus adscendens) in a dose of 3 gm twice daily with milk for 30 days. No significant increase in sperm count and RLP, SLP motility was found in group receiving Musali powder. (Prasad BS, 1997)  

b) A clinical study conducted in 32 patients with abnormal seminal parameters where  Shweta musali (A. adscendens) was administered in a dose of 3g twice daily for one month showed a significant increase in sperm count, RLP(rapid linear progressive sperm) and semen volume.(Joshi Praveen, 2010)
24) Surasaa (Ocimum basilicum L)

Preclinical

Spermatogenic effect of O. basilicum extract was  evaluated  in thirty male Wistar rats.   They were allocated equally into three groups. The first treatment group received hydro-alcoholic extract of O. basilicum (1.5 g/kg body weight), the second extract group received O. basilicum  (3g/kg body weight) for 40 consecutive days. Administration   of O. basilicum extract (1.5 g/kg body weight) significantly increased sperm percentage, viability, motility and total serum testosterone. (Khaki Arash, 2011) 

25) Shatavari (Asparagus racemosus Willd.)

Clinical:

Eighteen patients of  male infertility received  Shatavari  root  powder in dose of 5 g once daily with milk in early morning. There was significant increase in total sperm count, sperm motility and volume of semen after treatment. (Bhat Kamlesh, 1990)

26) Shunthi (Zingiber officinale Roscoe):

Preclinical:

The efficacy of ginger rhizome powder was assessed in three equal groups of thirty Wistar male rats. Control (n=10) received 4ml distilled water and two test groups (each n=10) received ginger rhizome powder (50 and 100 mg/kg/day) for 20 days.  It was observed that serum total testosterone significantly increased in experimental group that received 100 mg/kg/day ginger in comparison to control group. Besides, the percentage of sperm viability and motility in both test groups significantly increased  in comparison to control group, whereas, LH, FSH hormones, sperm concentration, morphology and testes weights remained similar in both experimental and control groups. (Arash Khaki et al, 2009.)  
27) Tejaraj (Cynoglossum glochidiatum wall.)

Preclinical:

Spermatogenic activity of Tejaraj root powder in six immature rats in a dose of 500mg/kg was assessed for a duration  of  60 days. Significant increase was observed in the sperm count with marginal increase in percentage of actively motile sperms. Histopathological study gives evidence of stimulatory activity on seminal vesicles due to extensive branching of epithelium and increased spermatogenesis in testis.  (Acharya R.N.,2002)

28) Uttangana (Blepharis edulis Pers.)
Clinical:

Twelve diagnosed patients of infertility received Uttangana (Blepharis edulis) seed powder in dose of 5 g once daily with milk in early morning for 90 days. There was significant increase in total sperm count, sperm motility and volume of semen after treatment. (Bhat Kamlesh, 1990)
29) Vidari   (Puereria tuberosa DC):

The efficacy of Vidari tuber powder was assessed in 23 patients having abnormal seminal parameters. The study was carried out in three groups; group 1 (n=5) received 3g of Vidari tuber powder, group 2(n=10) received 2 g  and group 3 (n=8) received 500mg of the churna. All three groups were administered test drug twice daily with honey for a period of 30 days. But, inspite of its classical vrishya claim, there was considerable decrease observed in all the seminal parameters in all three groups. (Acharya R.N,1996)

30) Yashtimadhu (Glycyrrhiza glabra L)
Clinical:

The efficacy of Yashtimadhu root powder   was evaluated in fifteen patients of oligospermia in a dose of 2g with 150 ml of cow’s milk twice a day for  a duration of one month. There was a significant increase in sperm count, viscosity and  active motile sperms.(Chowdhary Amit, 2013)

Table:1 Ayurvedic single herbal plants and their part used , screened  for 
              spermatogenic activity:
	Plant name 
	Preclinical
	 Clinical
	Type of study(pre-clinical and clinical

	
	Part used 
	Dosage forms
	Part used 
	Dosage forms
	

	Aakarkarabh (Anacyclus pyrethrum DC)
	Dried Root 
	Aqueous extract
	Dried Root 
	Powder 
	Both 

	Amalaki (Emblica officinalis Gaertn. )
	-
	-
	Fruit 
	Powder triturated with its  juice   
	Clinical 

	Ashwagandha  (Withania Somnifera)
	Leaves 
	Ethanolic extract 
	Root 
	powder
	Both 

	Atmagupta (Mucuna pruriens)


	seed
	powder
	seed
	powder
	Both 

	Bahuphali(Corchorus depressus Linn.)

	Whole plant 
	Powder 
	-
	-
	Preclinical 

	Dhanyaka (Coriandrum sativum)
	Seeds
	Aqueous extract
	-
	-
	Pre-clinical

	Eranda(Ricinus communis)
	-
	-
	Root 
	Powder 
	Clinical 

	Gokshura (Tribulus terrestris)
	Whole plant 
	Hydro-alcoholic Extract 
	Whole plant 
	powder
	Both 

	
	 Fruit 
	Ethanolic extract
	 Fruit 
	powder
	Both 

	Ikshuraka (Astercantha longifolia)
	Seeds 
	Ethanolic extract
	Seeds 
	powder
	Both 

	Jatamansi (Nordocstachys jatamansi  DC.)
	 -
	-
	Root 
	Powder 
	Clinical 

	Kalajaji (Nigella sativa)
	Seeds 
	Aqueous extract 
	-
	-
	Pre-clinical

	Kalinga( Citrullus vulgaris)
	Seed
	Hydro-alcoholic extract
	-
	-
	Pre-clinical

	Kharjura (Phoenix dactylifera)
	Pollen 
	Date pollen palm suspension
	-
	-
	Pre-clinical

	Krishna musali (Curculigo orchioides)
	Rhizome 
	Ethanolic extract of rhizome
	Rhizome 
	powder
	Both

	Kshiravidari (Ipomea digitata)
	-
	-
	Tuber 
	Powder 
	Clinical 

	Kumari (Aloe vera)
	Leaf 
	Pulp and gel 
	-
	-
	Pre-clinical

	Kushmanda(Benincasa hispida)
	Seeds 
	Granules 
	Seeds 
	Granules 
	Both 

	Kushtha (Saussurea lappa
	-
	-
	Root 
	Powder 
	Clinical 

	Latakasturi (Hibiscua abelmoschus)
	-
	-
	Seeds 
	Powder 
	Clinical 

	Methika (Trigonella foenum-graecum)
	Seeds 
	Powder
	Seeds 
	Powder 
	Both 

	Paatalagarudi (Cocculus hirsutus)
	Stem and leaf
	Petroleum ether, chloroform and alcohol extract of stem and leaf
	-
	-
	Pre-clinical

	Putranjivaka (Putranjiva Roxburghii)
	Seeds 
	Powder
	-
	-
	Pre-clinical

	Safed Musali (Chlorophytum borivilianum)
	Dried root 
	Aqueous extract of dried roots
	Dried root 
	powder
	Both

	Surasa(Ocimum gratissimum)
	Aerial parts 
	Hydro-alcoholic extract
	-
	-
	Pre-clinical

	Shatavari (Asparagus racemosus)
	-
	-
	Tuberous root
	Powder 
	Clinical 

	Shunthi (Zingiber officinale)
	Dry rhizome 
	Powder 
	-
	-
	Pre-clinical

	Tejaraj (Cynoglossum glochidiatum wall.)
	Root 
	Powder 
	-
	-
	Preclinical 

	Uttangana (Blepharis edulis)
	-
	-
	Seed 
	Powder
	Clinical 

	Vidari   (Puereria tuberosa)
	-
	-
	Tuber 
	Powder 
	Clinical 

	Yashtimadhu(Glycyrrhiza glabra L)
	-
	-
	Stolon 
	Powder 
	Clinical 


CONCLUSION:  On a critical review, the pre-clinical and clinical data is found in a total of thirty medicinal plants altogether reported in Ayurveda. It is found that only 20 single Ayurvedic medicinal plants have been screened pre-clinically for their spermatogenic potential. Evidence based data on the clinical studies carried out in case of oligospermia reveals that a total of 20 single medicinal plants. The Tribulus terrestris (Gokshura) ranks high in the list of evident reports followed by Mucuna pruriens (kapikacchu), Withania somnifera (Ashwagandha) & Curculigo orchioides (Krishna musali). Thus, Ayurveda surely possesses potential in management of oligospermia. 
Maximum of the presently conducted clinical studies are not conducted following the standard protocol. However, these studies may be considered as base line studies and a further intense study following standard protocol with more sample size and more medicinal plants that have been given classically can help generate more scientific base for the claims of Ayurveda.
REFERENCES :
1. Acharya RN. A comparative pharmaco-therapeutic study of  Tejaraj and  Bahuphali w.s.r Brimhana and Vrishya Karma. PhD thesis, Dept. of Dravyaguna,  IPGT&RA, Gujarat Ayurved University, Jamnagar, 2002.

2. Acharya RN. A Study on Vidarikanda WSR to its Vrshya Karma. MD thesis, Dept.of Dravyaguna,  IPGT&RA, Gujarat Ayurved University, Jamnagar, 1996.

3. Ahmad MK et al. Effect of Mucuna pruriens on semen profile and biochemical parameters in seminal plasma of infertile men, Fertil.Sterile. Sep 2008;  XC-3:627-35.

4. Khaki Arash  et al. The effects of Ginger on spermatogenesis and sperm parameters of rat. Iranian Journal of Reproductive Medicine. Winter 2009; VII-1: 7-12.

5. Khaki Arash, Fatemeh Fathiazad and Mohammad Nouri. Effects of Watermelon Seed Extract (Citrullus Vulgaris) on Spermatogenesis in Rat. Int J Women’s Health Reproduction Sci . Autumn 2013;  I-3: 99-104.

6. Khaki Arash, Fatemeh Fathi Azad, Mohamad Nouri and Amir Afshin Khak. Effects of basil, Ocimum basilicum on spermatogenesis in rats. Journal of Medicinal Plants Research. September 2011; V-18: 4601-4604.

7. Bashir Aruna, M. Tahir, Waqas Samee and Bushra Munir. Effects Of Tribulus Terrestris On Testicular  Development Of Immature Albino Rats. Biomedica, Jan. – Jun. 2009; XXV-1 :63-68.

8. Bahmanpour S, Talaei T, Vojdani Z, Panjehshahin MR, Poostpasand A and Zareei S. Effect of Phoenix dactylifera pollen on sperm parameters and reproductive system of adult male rats. Iran J Med Sci. 2006; XXXI-4:208–212.
9. Bhat Kamlesh. A Comparative study of Uttangana & Satavari on Vajikarana Karma, IPGT&RA, Gujarat Ayurved University, Jamnagar, 1990.

10. Chauhan NS and Dixit VK. Spermatogenic activity of rhizomes of Curculigo  orchioides Gaertn. in male rats. International Journal of Applied Research in Natural Products. 2011 Sep;XXV -15:1423-31.  
11. Chowdhary Amit,  Gupta Rachana and Mangooli S.P. Efficacy Study Of Ashwagandha And Yashtimadhu Choorna  in the management of  Shukrakshaya. IAMJ. 2013;  May – June I- 3: 1-6.
12. Jani Dharmendra. A Pharmaco-therapeutic study on Kushtha (Saussurea lappa C.B.Clarke) w.s.r to Shukradushti. IPGT and RA, Jamnagar, March 2010. 
13. Dongarwar L.A. A study on Vajikarana Karma of certain Ayurvedic drugs with special reference to effect on Sukravaha Srotas, IPGT&RA, Gujarat Ayurved University, Jamnagar, 1987. 
14. Joshi Praveen Kumar. A comparative pharmacognostcal, phytochemical and pharmaco-therapeutic  study of Shweta musali (Asparagus adscendens Roxb.) and Krishna musali (Curculigo orchioides Gaertn.) with special reference to vrishya karma. IPGT & RA, Gujarat Ayurved University, Jamnagar, Feb 2005.

15. Gauthaman K, Adaikan PG, Prasad RN. Aphrodisiac properties of  Tribulus terrestris extract (Protodioscin) in normal and castrated rats. Life Sci. 2002;LXXI:1385–96.

16. Girish KJ, Thakar AB and Baghel MS. Clinical study on spermatogenic effect of Ksiravidari (Ipomea digitata, Linn.) in  oligozoospermia. JREIM. Jan- Mar 2007 ; XIV-1.
17. Girish KJ, Thakar AB and Baghel MS. Revival Of Vajikarana Tantra: A Ready Recokner On Theses Titles Of Ayurved Related To Vajikaran Tantra Over Past 45 Years. Journal of Ayurveda. Jan-March 2007; 1.
18. Acharya Gopabandhu. A comparative study on Akarakarabha and Methi for their Vajikarana effect, IPGT&RA, Gujarat Ayurved University, Jamnagar, 1992

19. Hosseinzadeh H, Ziaee T and Sadeghi A. The effect of saffron, Crocus sativus stigma, extract and its constituents, safranal and crocin on sexual behaviors in normal male rats. Phytomedicine. 2008;15:491–5.

20. Kulkarni Hrishikesh. A pharmaco-therapeutic study on Putranjivak (Drypetes roxburghii,Wall.) w.s.r. vrishya karma. IPGT and RA, Jamnagar, March 2004.
21. http://timesofindia.indiatimes.com/city/mumbai/Infertility-experts-say-63-childless-couples-consulting-them-in-prime-reproductive-age/articleshow/22784337.cms
22. http://www.urmc.rochester.edu/encyclopedia/content.aspx?ContentTypeID=85&ContentID=P01532
23. Acharya Jadavji Trikamji. Editor. Charaka Samhita along with Chakrapani commentary. Chikitsasthana,  Adhyaya 2/4, verse 43. Chaukhamba Surbharati Prakashan,  Reprint 2011 ;397.

24. Estakhr Jasem and Nasim Javdan. Spermatogenic Activity of Aloe Vera In Adult Male Rats. Pharmacologyonline. 2011; II: 886-889.

25. Joshi V.N. Vajeekarana effect of Latakasturi and Krishna musali  followed by the studies on meta (para) sexual behaviours.  IPGT&RA, Gujarat Ayurved University, Jamnagar, 1988.
26. Shukla Kamala Kant et al. Mucuna pruriens Reduces Stress and Improves the Quality of Semen in Infertile Men. Evid Based Complement Alternat Med. March 2010; VII -1: 137–144.
27. Karimi Jashni H, Malekzadeh Shiravani S and Hoshmand F. The effect of the Tribulus terrestris extract on spermatogenesis in the rat. Journal of Jahrom University of Medical Sciences, Winter 2012; IX – 4: p 7-11.

28. Kenjale R, Shah R and Sathaye S. Effects of Chlorophytum borivilianum on sexual behaviour and sperm count in male rats. Phytother Res. 2008; XXII:796–801.

29. Setiawan L. Tribulus terrestris L. extract improves spermatozoa motility and increases the efficiency of acrosome reaction in subjects diagnosed with oligoastheno-teratozoospermia, Airlangga University, Surabaya, Indonesia .1996. 
30. Malak Al-Yawer, Ahmed J. Hassan, Fara’id Y.S. Haddad, Hakeem Al-Anee and  Ekbal Al Khateeb. Effects of AL-Qutub (Tribulus terrestris) on the Spermatogenesis of the Mouse Testis: Histological, Histochemical and Morphometrical Studies. Fac Med Baghdad. 2008;    L-2: 246-25.
31. Mehrdad Modaresi and Alireza Khodadadi. The Effects of Aloe vera Extract on Reproductive  Parameters in Mice,  International Conference on Biological, Environment and Food Engineering (BEFE-2014) August 4-5, 2014 Bali: 15-17.

32. Mohammad Kaleem Ahmad, Abbas Ali Mahdi,  Kamla Kant Shukla, Najmul Islam,  Shyam Pyari Jaiswar  and Sohail Ahmad. Effect of Mucuna pruriens on semen profile and biochemical  parameters in seminal plasma of infertile men. Fertility and Sterility. 2007: 1-9.

33. Mohammed.S.Alessia, Amr. A. Shalaby; Nasir, A. Ibrahim, and Alhader. M.S, Spermatogenesis and Sperm Parameters of Mice induced by Coriander. Global Jl.Biology,Agriculture, & Health Science. III-1:92-94.
34. Mohaned. M. Mohammed et al. Effects of Tribulus terrestris ethanolic extract in male rats & cocks fertility.  J Pharm Biomed Sci. May 2013 ; Supplement 1; XXX-30: S13-S18.

35. Mukhallad . A Mohammad. Effects of Black Seeds (Nigella Sativa) on Spermatogenesis and Fertility of Male Albino Rats. Research Journal of Medicine and Medical Sciences. 2009 IV-2: 386-390.
36. Neychev VK and Mitev VI. The aphrodisiac herb Tribulus terrestris does not influence the androgen production in young men. J Ethnopharmacol. 2005; CI:319–23.

37. Godatwar P.K. Sukra - A clinical and experimental study on the role of Svarna Bhasma in Normozoospermia., IPGT&RA, Gujarat Ayurved University, Jamnagar, 1995
38. Prasad B S. A clinical study on role of Suvarna Bhasma and Vajikarana drugs in the management of Sukradusti.  IPGT&RA, Gujarat Ayurved University, Jamnagar, 1998.

39. Patil Rahul B, Shreya R. Vora and Pillai Meena. Protective effect of spermatogenic activity of Withania Somnifera (Ashwagandha) in galactose stressed mice. Annals of Biological Research. 2012; III -8:4159-4165.

40. Raja Reddy G. A Comparative Pharmaco-Therapeutic Study of Eranda Mula and Kapikacchubija W.S.R to Vrsya Karma.  IPGT&RA, Gujarat Ayurved University, Jamnagar, 1999.
41. Ramin Kaffashi Elahi, Sirousrafiy Asl and Farhad Shahian. Study on the Effects of Various Doses of Tribulus Terrestris Extract on Epididymal Sperm Morphology and Count in Rat, Global Veterinaria. 2013; X-1: 13-17. 

42. Patil Sharanabasappa A et al. Aphrodisiac and phytochemical studies of Cocculus hirsutus extracts in  albino rats. Asian Pacific Journal of Reproduction. 2014; III-1: 23-29.
43. Mishra Shiromani,  Sharma PP, Pandya T N and Ravishankar B.  A Clinical Evaluation of Vrishya Effect of Kushmanda [Benincasa hispida (Thunb.) Cong.] Beeja. AYU 2008; XXIX-4: 239-242.
44. Soni H. A clinical study on role of Amalaki Rasayana  in management of Shurkradushti w.s.r asthenozoopermia. IPGT&RA, Gujarat Ayurved University, Jamnagar, 1998.
45. Tajuddin SA, Shamshad A, Abdul L and Iqbal A. Aphrodisiac activity of 50% ethanolic extracts of Myristica fragrans Houtt. (nutmeg) and Syzygium aromaticum (L) Merr. and Perry (clove) in male mice: A comparative study. Complement Altern Med. 2003; 3-6.

46. Thakar A B, The role of Svarna bhasma and Kokilaksa in the management of Ksina Sukra (Oligozoospermia) IPGT&RA, Gujarat Ayurved University, Jamnagar, 2000.

47. Thakur M, Chauhan NS, Bhargava S and Dixit VK. A comparative study on aphrodisiac activity of some ayurvedic herbs in male albino rats. Arch Sex Behav. 2009; 38:1009–15.
48. Thirunavukkarasu M Sellandi , Anup.B.Thakar and Madhav  Singh Baghel. Clinical study of Tribulus terrestris Linn. in Oligozoospermia: A double blind study. Ayu journal, 2012; XXXIII 3: 356-364.
49. Thirunavukkarasu M Sellandi, Thakar AB and Baghel MS. Ayurvedic management of oligozoospermia and Ayurveda – A Meta Analysis. Ayurvedline. 2010; XI edition: 145-156.  
50. Tomova M, Gjulemetova R, Zarkova S, Peeva S, Pangarova and  Simova M. Steroidal saponins from Tribulus terrestris L. with a stimulating action on the sexual functions. International conference of chemistry and biotechnology of bio-logically active natural products,Varna, Bulgaria. Sep 1981; 3:298–302.

51. Vijay.R.Ambiye et al. Clinical evaluation of Spermatogenic activity of the root extract of Ashwagandha in oligospermic males’. Ixoreal biomed confidential; 1-12.

52. Vikas Sharma, Mayank Thakur, Nagendra Singh Chauhan and Vinod Kumar Dixit. Evaluation Of The Anabolic, Aphrodisiac And Reproductive Activity Of Anacyclus Pyrethrum DC In Male Rats. Sci Pharm. June/July 2008; I-2: 26-31.
53. Vyawahare N S, Kagathara V G, Kshirsagar A D, Rajendran R, Patil M N, Jagtap A A, and Sadar S S. Effect of Hydroalcoholic Extract of Chlorophytum borivilianum Tubers in Alleviating the Diabetic Impotency in Streptozotocin Induced Male Diabetic Rats. Phcog Res 2009;1: 314-9

