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ABSTRACT

Present study was conducted to evaluate anti-reproductive effects of
total glycosides of Tripterygium wilfordii (GTW) (Thunder God Vine), in
male House rat, Rattus rattus, a predominant rodent pest species found
in commensal situations in Punjab, India. Mature male rats were fed on
bait (cracked wheat and powdered sugar, 98:2) containing 0.1, 0.2 and
0.3% GTW for 10 days in no-choice feeding tests. Results revealed 67.2-
85.2% acceptability of treated bait over untreated bait. Autopsy of rats
after 30 days of treatment withdrawal revealed significant (P<0.05)
reduction in weights of testes and epididymides. The sperm motility, live
sperm count and sperm concentration in the cauda epididymal fluid of
treated rats was also reduced significantly compared to that in untreated
rats. The major abnormality in sperm morphology was sperm head tail
separation. Results suggest the use of GTW for reducing reproduction of
R. rattus in integration with chemical control.
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INTRODUCTION

The economic damages and health problems caused by rodents (Singla et al., 2008, 2013b;
Meerburg, 2009; Singla and Babbar, 2010; Mulungu et al., 2014) emphasize the need to develop
new techniques for their management. After natural reduction or control with rodenticides and other
methods, rodent population gets rebuild up to the original level by enhanced reproduction (Shilova
and Tchabovsky, 2009). Fertility control using plant products is a non-lethal and environmentally
safe strategy (Dubey et al., 2008; Chambers et al., 1999) that could be integrated with chemical
control to maintain the population of rodents at lower level. The discovery of antifertility action of
extracts from Tripterygium wilfordii (a twining wine of family Celastraceae common to southern
China) came into light from the studies on rats and mice and retrospective studies on men taking T.
wilfordii preparations for some other medical reason (Chen et al., 2010). T. wilfordii extract
contains a humber of active compounds such as triptolide, tripdiolide, triptolidenol, tripchlorolide,
16-hydroxytriplide, etc, together called as glycosides. The antifertility effects of total glycosides
and their individual compounds were studied in laboratory rats and mice keeping in view the
development of human contraceptive (Matlin et al., 1993, Qian et al., 1995). Our previous studies
evaluated the potential of triptolide, one of the most active components of T. wilfordii on wild
rodent pest species keeping in view their integrated management (Dhar and Singla, 2013; Singla et
al., 2013a; Singla, 2014; Singla and Challana, 2014). Present studies were aimed to evaluate the
anti-reproductive effects of total glycosides of T. wilfordii in male house rat, Rattus rattus, a
predominant rodent pest species in commensal situations in India.
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MATERIALS AND METHODS

Plant product used

The product containing total glycosides of T. wilfordii (GTW) used in present studies was extracted
and supplied by Dr. Shi Da Zhao, College of Agronomy and Biotechnology, China Agricultural
University, Beijing, China.

Animals

Mature male R. rattus were live trapped from poultry farms at Ludhiana (India) and acclimatized
to laboratory conditions by keeping them individually in cages with food and water
provided ad libitum. Food was prepared by mixing cracked wheat, powdered sugar and
groundnut oil (WSO bait) in 96: 2: 2. Animals were used and maintained as per the
guidelines of Institutional Animal Ethics Committee (vmc/12/3901-35 dated 6 August,
2012. During experimentation, healthy rats (n = 24) were weighed and divided into four
groups with 6 animals in each group. Their body weight ranged from 170.8 to 176.7 g. There was
no significant difference in mean body weight of rats among the four groups (P>0.05). Prior to
treatment, all the rats were fed on plain WSO bait to determine their mean daily food consumption
[(g 100 g™ body weight (b.wt.)]. Food consumption was recorded after every 24 h.

Treatments

During treatment, rats of groups I, Il and Il were fed on bait (cracked wheat and powdered
sugar, 98: 2) containing 0.1, 0.2 and 0.3% of GTW, respectively, in no-choice feeding test for 10
days. GTW was mixed after being dissolved in vehicle (1% sodium carboxymethyl cellulose
solution). Rats of group 1V, maintained as untreated control, were fed on plain WSO bait. During
treatment, consumption of bait by all the rats was recorded after every 24 h to determine the mean
daily bait consumption (g 100 g b.wt.). From the total amount of the treated bait consumed in 10
days by rats of three groups, the total dose of the active ingredient (mg 100 g™ b.wt.) ingested by
rats was determined. After the termination of treatment, all the rats were again fed on plain WSO
bait. Post-treatment consumption of food by all the rats was recorded after every 24 h to record the
effect of treatment on appetite of rats. During treatment period and post treatment periods, rats were
observed regularly for mortality and other toxic symptoms, if any.

Anti-reproductive effects

After 30 days of termination of treatment, the treated and untreated rats were weighed and
sacrificed to record anti-reproductive effects. Their reproductive organs and accessory sex glands
such as testes, caput and cauda epididymides and seminal vesicles were dissected out and weighed.
Sperm motility, live sperm count, sperm concentration, and sperm abnormality were determined in
cauda epididymal fluid (Singla and Garg, 2013).

Statistical analyses

All the values were calculated as mean £ SE. Analysis of variance and calculation of
critical difference was carried out to rank the results of various anti-reproductive
parameters at 5% level of significance.

RESULTS AND DISCUSSION

Effect on food consumption and active ingredient ingested

Feeding of bait containing 0.1, 0.2 and 0.3% GTW in no-choice for 10 days to male R. rattus
resulted in the total ingestion of 50.2, 84.6 and 119.1 mg 100 g™ b.wt. of active ingredient by rats of
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Table 1: Acceptance of bait containing GTW by male R. rattus in no-choice for 10 days
Group Dosein  Body Mean daily consumption Acceptance over Total active ingredient Mortality

(n=6) bait weight of treated food untreated food administered (%)
(%) (9) (g 100 g* b.wt.) (%) (mg 100 g™* b.wt.)

I 0.1 170.848.0 4.9+0.3° 85.2 50.2+3.3 Nil

I 0.2 172.5#4.9 4.2+0.4° 78.9 84.6+9.8 16.7

" 0.3 176.7+10.5 3.9+0.2° 67.2 119.1+4.8 16.7

v 0 173.3£7.9 6.0+0.5% - - Nil

All values are mean £SE; Values with different superscripts (a, b) in a column differ significantly at P<0.05

groups I, Il and 111, respectively (Table 1). At 0.2 and 0.3% concentrations each, 16.7% mortality of
rats was also observed. No such mortality was observed in rats treated with 0.1% GTW. No
significant (P >0.05) difference in food consumption (g 100 g** b.wt.) of rats between pre- and
post-treatment periods was observed indicating no effect of treatment on appetite of rats (Fig. 1).
Also no significant difference was observed between the consumption of treated bait and plain
WSO bait before treatment by rats, except at 0.3% concentration indicating good acceptability
(85.2, 78.9 and 67.2% at 0.1, 0.2 and 0.3% concentration, respectively) of treated bait over
untreated bait. A dose dependent decrease in the consumption of treated bait among the three
treated groups of rats was observed (Table 1). The mean daily consumption of bait containing 0.3%
GTW was significantly low which may be due to toxicity caused by GTW leading to bait shyness.

Effect on weights of reproductive organs and accessory sex glands

Feeding of bait containing 0.1, 0.2 and 0.3% GTW in no-choice for 10 days resulted in significant
reduction (P <0.05) in weights (g 100 g™ b.wt) of testes, caput and cauda epididymides from that of
untreated rats (Table 2). The difference in weights of these organs among the three treated groups
was, however, found to be non-significant, P>0.05 (Table 2). The differences in weight of seminal

m Pre-treatment vesicles between treated and

oo a ®  Oposttreatment | Untreated rats and among treated

5 67 a . groups was also found to be
g5 @ non-significant (P>0.05). Dhar
3 and Singla (2013) have reported
54 a significant decrease in weights
£3- of reproductive organs of male
§ )] lesser bandicoot rat, Bandicota
g bengalensis treated with 0.25%
1 triptolide (a triterpene epoxide
04 ‘ ‘ | obtained from T. wilfordii) for
0.10% 0.20% 0.30% 15 days. Singla (2014) observed

Conc. of GTW in bait no significant effect on weights

Fig. 1: Effect of feeding bait containing GTW in no-choice for 10 of reproductive organs of male
days on post-treatment bait consumption by male R. rattus. - Fattus administered smgl_el)
Superscript ‘a’ above bars indicates no significant difference oral dose O_f 10_0 and 150 mg kg
at P<0.05 between pre- and post-treatment bait consumption b.wt. of triptolide.

Table 2: Effect of feeding bait containing GTW in no-choice for 10 days on weights of
reproductive organs of male R. rattus

Group Dose in Body weight Testis Epididymis weight (g 100 g™~ b.wt.) Seminal
bait (%) (9) Caput Cauda vesicles
[ 0.1 146.2+11.7 (n=6) 0.30+0.03" 0.07+0.01° 0.13+0.01° 0.77+0.15%
Il 0.2 165.3+ 6.7 (n=5) 0.32+0.07° 0.08+0.01° 0.11+0.01° 0.64+0.06°
" 0.3 163.9+12.8 (n=5) 0.31+0.06" 0.08+0.01° 0.11+0.01° 0.63+0.06°
\ 0 175.2+9.7(n=6)  0.65+0.00 0.12+0.02° 0.16+0.01° 0.68+0.08?

All values are mean £SE; Values with different superscripts (a, b) in a column differ significantly at P<0.05
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Table 3: Effect of feeding bait containing GTW in no-choice for 10 days on sperm
parameters in cauda epididymal fluid of male R. rattus
Dose in  Sperm motility  Live sperm count Sperm concentration ~ Sperms with head

Group .t (%) (%) (%) (million/ml) tail separation (%)
I 0.1 0.2+0.2° 1.7 £0.8° 56.2 +21.3° 80-90
I 0.2 10.0 +6.3° 16.0 +10.3° 117.6 +85.4° 80-90
1 0.3 0.0 £0.0° 3.0+3.0° 3.6 +1.9°* 80-90
\Y4 0.0 75.0 £2.2° 80.0 +1.8° 461.7 +44.4° 0-10

All values are mean +SE; *Two rats were having azoospermia; Values with different superscripts (a, b) in a
column differ significantly at P <0.05

Effect on sperm parameters

Results revealed significant (P <0.05) difference in sperm motility (%), live sperm count (%) and
sperm concentration (sperms x 10° mL™) between treated and untreated rats (Table 3). The
difference in all the above parameters among the three treated groups was, however, non-
significant. At 0.3% concentration, two rats were found to have azoospermia and rest with sperms
having no motility. The sperm motility and live sperm count which averaged 75 and 80%,
respectively, in untreated rats were reduced to 0-10 and 1.7-16%, respectively, in treated rats. The
concentration of spermatozoa in cauda epididymal fluid of all the treated rats was reduced
significantly (P <0.05) from 461.7 million mL™ in untreated group of rats to 3.6-117.6 million mL™
in treated groups of rats. Within epididymis, there are a number of glutathione transferases that play
an important role in sperm motility (Alvarez and Storey, 1989; Gandy et al., 1996).

In all the treated groups sperm head tail separation was 80-90% as compared to upto 10% in
untreated rats (Table 3). Dhar and Singla (2013) found sperm head tail separation to be 54.1% in B.
bengalensis treated with 0.25% triptolide for 15 days, whereas Singla et al. (2013a) observed 49.7%
head tail separation in R. rattus treated with 0.1% triptolide for 14 days.

The mechanism by which glycosides of T. wilfordii induce oligozoospermia is unknown. In
vitro evidence indicate that these can inhibit Ca** influx in human sperm (Qian et al., 1995). So, it
is possible that glycoside induced azoospermia could be attributed, at least in part, to the inhibition
of Ca*? influx. Intracellular Ca*? is known to play a major role in sperm motility (Suarez, 1996),
however, the validity of this interpretation remains to be tested in rats. Sperm abnormality is
significant prognostic factor for fertilization and pregnancy (Franken, 1998). Chromatin de-
condensation of cauda epididymal sperm nuclei leading to sperm head tail separation is indicative
of sperm malfunction (Aravindan et al., 1997; Huynh et al., 2000) and could contribute to the
observed sterility. The study revealed anti-reproductive effects of total glycosides of T. wilfordii
thus suggesting their use for control of R. rattus population in integration with chemical control.

Acknowledgements: Authors are thankful to the ICAR, New Delhi, India for financial support, and
Professor & Head, Department of Zoology, PAU, Ludhiana, India for the facilities provided.
Thanks are also due to Dr. Shi Da Zhao, College of Agronomy and Biotechnology, China
Agricultural University, Beijing, China for providing the plant product used in this study.

REFERENCES

Alvarez, J.G.. and Storey, B.T. 1989. Role of glutathione peroxidase in protecting mammalian
spermatozoa from loss of motility caused by spontaneous lipid peroxidation. Gamete
Research, 23: 77-90.

Aravindan, G.R., Krishnamurthy, H. and Moudgal, N.R. 1997. Enhanced susceptibility of follicle-
stimulating hormone-deprived infertile bonnet monkey (Macaca radiata) spermatozoa to
dithiothreitol induced DNA decondensation in situ. Journal of Andrology, 18: 688-697.



306 Neena Singla

Chambers, L.K., Ldwson, M.A. and Hinds, L.A.1999. Biological control of rodents - The
care for fertility control using immunocontraception. pp. 215-242. In: Ecologically
based Rodent Pest Management (eds. G.R. Singleton, L.A. Hinds, H. Leirs and Z.
Zhang).ACIAR, Canberra, Australia.

Chen, H., Lu, W.G., Chen, J.F., Xu, Q., Chen, G.X. and Liu, Q.P. 2010. Influence of Tripterygium
hypoglaucum Hutch on rat sperms evaluated by computer-assisted sperm analysis system.
Journal of Guangzhou University of Traditional Chinese Medicine, 27: 141-146.

Dhar, P. and Singla, N. 2013. Effect of triptolide on reproductive output of male Bandicota
bengalensis. International Journal of Advanced Research, 1: 705-716.

Dubey, N.K., Srivastava, B. and Kumar, A. 2008. Current status of plant products as botanical
pesticides in storage pest management. Journal of Biopesticides, 1: 182-186.

Franken, R.J. 1998. The clinical significance of sperm zona pellucida binding front. Bio-
Science, 13: 247-253.

Gandy, J., Primiano, T., Novak, R.F., Kelce, W.R. and York, J.L. 1996. Differential expression of
glutathione S-transferase isoforms in compartments of the testis and segments of the
epididymis of the rat. Drug Metabolism Disposition, 24: 725-733.

Huynh, P.N., Hikim, A.P., Wang, C., Stefonovic, K., Lue, Y.H., Leung, A., Atienza, V.,
Baravarian, S., Reutrakul, V. and Swerdloff, R.S. 2000. Long-term effects of triptolide on
spermatogenesis, epididymal sperm function and fertility in male rats. Journal of Andrology,
21: 689-699.

Matlin, S.A., Belenguer, A., Stacey, Y.E., Qian, S.Z., Xu, Y., Zhang, J.W., Sanders, J.K.M., Amor,
S.R. and Pearce, C.M. 1993. Male antifertility compounds from Triprerygium wilfordii Hook
F. Contraception, 47: 387-400.

Meerburg, B.G. 2009. Rodents are a risk factor for the spreading of pathogens on farms. Veterinary
Microbiology, 142: 464-465.

Mulungu, L.S., Lagwen, P.P., Mdangi, M.E., Kilonzo, B.S. and Belmain, S.R. 2014. Impact
of spatiotemporal simulations of rat damage on yield of rice (Oryza sativa L.) and impli-
cations for rodent pest management. International Journal of Pest Management, 60: 269-274.

Qian, S.Z., Xu, Y. and Zhang, J.W. 1995. Recent progress in research on Tripterygium: A male
antifertility plant. Contraception, 51: 121-129.

Shilova, S.A. and Tchabovsky, A.V. 2009. Population response of rodents to control with
rodenticides. Current Zoology, 55: 81-91.

Singla, L.D., Singla, N., Parshad, V.R., Juyal, P.D. and Sood, N.K. 2008. Rodents as reservoir of
parasites in India. Integrative Zoology, 3: 21-26.

Singla, N. 2014. Antifertility effects of single oral doses of triptolide in male house rat (Rattus
rattus L.) Applied Biological Research, 16: 72-74.

Singla, N. and Babbar, B.K. 2010. Rodent damage and infestation in wheat and rice crop fields:
District-wise analysis in Punjab state. Indian Journal of Ecology, 37: 184-188.

Singla, N. and Challana, S. 2014. Reproductive toxicity of triptolide in male house rat, Rattus
rattus. The Scientific World Journal, [Article ID 879405, 6 pages] http://dx.doi.org/
10.1155/2014/879405.

Singla, N and Garg, M. 2013. Effect of crude cottonseed oil containing gossypol on fertility of male
and estrous cycle of female Bandicota bengalensis Gray and Hardwicke. Journal of Applied
Animal Research, 41: 156-165.

Singla, N., Kaur, G., Babbar, B.K. and Sandhu, B.S. 2013a. Potential of triptolide in reproductive
management of house rat, Rattus rattus (Linnaeus). Integrative Zoology, 8: 260-276.

Singla, N., Singla, L.D., Gupta, K. and Sood, N.K. 2013b. Pathological alterations in natural cases
of Capillaria hepatica infection alone and in concurrence with Cysticercus fasciolaris in
Bandicota bengalensis. Journal of Parasitic Diseases, 17: 16-20.

Suarez, S. S. 1996. Hyperactivated motility in sperm. Journal of Andrology, 17: 331-335.



