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ABSTRACT     Mice bearing Dalton's lymphoma were treated with different concentrations (40mg/kg, 60mg/kg 
and 80mg/kg) of ashwagandha root powder i.p and its effect on tumor regression was found to be dose related. No 
significant difference was found in tumor volume (T.V) and packed cell volume (PCV) when the mice were treated with 
lowest dose (40mg/kg) of ashwagandha. However, when the dose of ashwagandha increased to 60 mg/kg and 80mg/kg, 
there was a significant reduction in tumor volume and packed cell volume. Similarly, the life span of tumor bearing mice 
increased marginally to about 30%  when mice bearing  Dalton's lymphoma were treated with low concentration of 
ashwagandha (40mg/kg) which increased to almost 177% when concentration was increased to 80mg/kg. Despite of 
prolongation in the  total life span of tumor bearing mice, ashwagandha  failed to produce any tumor free survivors. 
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Introduction 

Withania somnifera, also known as Ashwagandha is one of the most treasured herb of Indian 
Ayurvedic system of medicine. It is an evergreen shrub belonging to the family solanaceae. Based up the 
phytochemical studies, this plant is considered to be the unique because it posses the largest and the most 
diverse set of steroidal alkaloids and steroidal lactones from a special class of constituents called 
withanolides (Elsakka et al., 1990). It has been reported that Withania somnifera exhibits numerous 
medicinal properties and being used since a long time to treat a number of diseases in the Indian 
subcontinent and well as in other parts of the world. Because of its exceptional ethnopharmacological 
properties it has been used as an antistressor (Bhattacharya et al., 1987; Archana, 1999; Bhattacharya and 
Muruganandam, 2003; Kaur et al., 2001), as an antioxidant (Gupta et al., 2003; Bhattacharya et al., 2001),  an 
immunomodulator (Ghosal et al., 1989; Ziauddin et al.,1996) and also possesses anti inflammatory and 
rejuvenating properties (Anabalagan and Sadique, 1981). The plant extracts has also been reported to 
exhibit hypoglycemic effect (Jaiswal et al., 2010) as well as antioxidant properties. Anti-tumor properties of 
a number of plants substances have been reported by many workers.  It has been confirmed that the whole 
plant extract or extract of any of its individual part has immunomodulatory and antistress properties. 
(Winters, 2006). Healthy production of WBC is also attributed to Withania which indicates that it is an 
effective immunoregulatory and chemoprotective agent (Kuttan 1996; Ziauddin et al., 1996). Crude extracts 
of ashwagandha was found to be very useful in experimental carcinogenesis. Withania root extracts has 
been found to inhibit the cell growth and has been reported to prevent the cell attachment of Chinese 
Hamster Ovary cell carcinoma (Sumantran et al., 2007). The root extract of Withania has also been reported 
to acts as an immunomodulator (Dixit et al., 1995) in Urethane induced lung-adenoma in mice and was able 
to enhance the life span of tumor bearing mice. Cell culture studies demonstrated that Withania decreased 
the NF-kB levels by activating the apoptotic signalling in cancer cell lines (Ichikawa et al., 2006). 
Ashwagandha has also been reported to reduce the tumor size (Jayaprakasam et al., 2003; Prakash et al., 
2002). Histological studies have also shown similarity between Withania treated and normal lung 
appearance (Jayaprakasam et al., 2003). Nitric oxide production in mouse macrophages increased due to 
Withania in a concentration dependent manner which ultimately had a significant effect on the cytotoxicity 
of tumor cells (Iuvone et al., 2003).  Both in vitro and in vivo studies have suggested that Withania has 
stimulatory effects. It stimulates the production of cytotoxic T lymphocytes and reduces tumor growth 
(Davis and Kutton, 2002). Root extracts of Withania exhibited its chemopreventive  effect in a study where 
the extracts were given to swiss albino mice before and during exposure to the skin carcinogen 7, 12-
dimethylben[a]anthracene (Prakash et al., 2002) . Studies have also proved a significant anti-tumor and 
radiosensitizing effect of the extracts of Withania without any noticeable systemic toxicity (Devi, 1996). 
Despite the fact that ashwagandha has a spectrum of medicinal uses, its efficacy against a number of tumor 
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cell lines is still awaited. Some work has been done on solid tumors and skin cancers but still there is more 
scope to evaluate the efficacy of Withania on other tumor cell lines. Present work was undertaken to 
evaluate the efficacy of Withania on murine Dalton’s lymphoma in vivo. 

 

Materials and Method 
           C3H/He strain of syngenic mice purchased from Pasteur Institute, Shillong were maintained in the 
laboratory. Mice were randomly distributed into polypropylene cages and fed on a commercial diet 
(Goldmohar, Lipton, India) and tap water ad libidum. Mice were kept under standard conditions (specifically 
pathogen free, temperature ranging from 220-230C and 65-70% relative humidity). Both male and female 
mice, 8-10 weeks old and weighing 20-22g were used throughout the studies. 
          Transplantable ascites Dalton's lymphoma was obtained from CNCRC , Kolkata, India and maintained 
in the laboratory by regular serial transplantations of 2×107                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
cells /mice in Phosphate Buffered saline (pH 7.4)  intraperitonially (i.p) in inbred strain of C3H/He mice 
after a regular interval of 12 days. 
Root powder of ashwagandha was purchased from Organic India, India.  All other chemicals were purchased 
from Merck India and were of Analytical grade. 
 Mice were divided into four groups of 10 each. All the four groups were injected with 2×107 Dalton’s 
lymphoma cells/ mice i.p. in PBS on day 0.   On day 4 post tumor transplantation, a single dose of root 
powder of ashwagandha dissolved in 0.89%NaCl was administered i.p. to three experimental groups in the 
concentration of 40mg/kg , 60mg/kg or 80 mg/kg. Control groups were injected with equal amount of 
0.89% NaCl through same route. 
 Packed cell volume and tumor volume were measured in each group from day 4 post tumor 
transplantation till the last survival day of mice. 
% increase in the life span was calculated by the following formula : 
% INCREASE IN LIFE SPAN =[(T- C)/C] ×100 (T: Mean survival time of treated animal,  C: Mean survival 
time of control animals. 
 

Results and Discussion 
 The tumor volume increased steeply in control animals without any treatment and reached at its 
highest on day 14th post tumor transplantation (Table 1). None of the animals could survive beyond 14 
days. After treatment with 40 mg/kg ashwagandha, the tumor volume progression was found to be similar 
to that of control and the highest tumor volume was also recorded on day 14th post tumor transplantation 
like in control animals and none of animal could survive beyond 14 days. The tumor volume reached at its 
peak on day 35 post tumor transplantation after treatment with high dose of ashwagandha (80 mg/kg). 
Similar to the tumor volume, packed cell volume also increased steeply in control animals without any 
treatment and reached its highest on day 14th post tumor transplantation (Table 2). No significant 
difference was observed in the packed cell volume in the animals treated with lowest dose of ashwagandha 
(40 mg/kg). After treatment with 60 mg/kg ashwagandha the packed cell volume progression was delayed 
and the highest tumor volume was recorded on day 25th post tumor transplantation. The packed cell 
volume reached at its peak on day 35th post tumor transplantation after treatment with highest dose (80 
mg/kg) of ashwagandha. The average life span of tumor bearing mice was recorded as 15 days (Table 3) 
which increased to 35 days after treatment with highest concentration of ashwagandha (80mg/kg). With 
lower doses, total life span of tumor bearing mice was recorded between 18-25 days. The % increase in 
lifespan of tumor bearing mice after treatment with different doses of ashwagandha was found between 30-
177% depending upon the dose (Table 4).With the lowest dose of 40mg/kg the % increase in life span was 
found to be 30% which increased to 177% when concentration was raised to 80mg/kg. In the present study 
no tumor free survivors were recorded after treatment with different concentration of ashwagandha. 
However, ashwagandha delayed the tumor progression and was able to increase the life span of tumor 
bearing mice. 
 In the Ayurvedic and Unani system of medicine a number of therapeutic applications of 
ashwagandha has been reported (Bhattacharya et al., 1987; Ghosal et al., 1989; Ziauddin et al., 1996; 
Archana, 1999;  Kaur et al., 2001; Bhattacharya et al.,2003; Gupta et al., 2003; Jaisawal et al.,2010).  A few 
studies have also reported its antitumor effect. Ashwagandha root powder has been reported to be effective 
against murine Sarcoma-180 (Devi et al., 1993). Treatment with ashwagandha delayed the tumor 
progression and increased the life span of tumor bearing mice with almost 18% tumor free survivors. In the 
present study ashwagandha was found to increase the life span of tumor bearing mouse due to delay in 
tumor progression but without any tumor free survivors.  Devi et al. (1993) also reported that the antitumor 
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effect of ashwagandha significantly increased when used in combination with hyperthermia and radiation.  
Winters (2006) also concluded that ashwagandha may be useful in reducing tumor cell proliferation thereby 
increasing the survival time of tumor bearing animals as well as increasing the efficacy of radiation therapy. 
He also reported that side effects of some chemotherapeutic drugs obtained from plants like 
cyclophosphamide and paclitaxal can also be reduced by Ashwagandha. Since a number of anticancer 
compounds or drugs exhibit nephrotoxicity and hepatotoxicity, a combination chemotherapy including 
ashwagandha may prove beneficial.  
 Seifried et al. (2003) also reported enhancement of therapeutic effect of radiotherapy by 
ashwagandha. Senthilnathan et al., (2006) reported that ashwagandha alone failed to reduce the tumor load 
of benzo(a)pyrene induced experimental lung carcinoma in mice but ashwagandha was found to modulate 
the antitumor effect of Palcitaxal. Ashwagandha has also been reported to have inhibitory effect on the 
growth and colony formation CHO cells by preventing cell adhesion (Sumantran et al., 2007). Tumor growth 
inhibition was reported to be dependent upon dose of ashwagandha and cell density. Ashwagandha was 
reported to be very useful in experimental carcinogenesis in its crude form and was found to prevent 
urethane induced lung carcinoma in mice (Singh et al., 1986; Singh and Gilca, 2010). Apart from its 
antitumor effect, ashwagandha is also proved to reduce the side effects of anticancer agents which 
invariably reduce the immunity. In many studies ashwagandha exhibited its efficacy as immunomodulator 
and was able to enhance the life span of cancer patients (Dixit et al., 1995, Singh and Gilca, 2010; Singh et al., 
2011). Chemopreventive effect of ashwagandha against skin cancer has also been reported (Prakash et al., 
2002). The animals administered with its root extract during and after the exposure of a skin cancer causing 
agent, 7,12-dimethylbenz [antracene] were found to have delayed and slow progression of skin cancer. 
Withaferin A extracted from ashwagandha root was reported to exhibit significant antitumor and 
radiosensitizing property in vivo indicating that this compound from a natural resource might be relatively 
safe radiosensitizer/chemotherapeutic agent without any nephro or hepatotoxicity (Devi, 1996). 
 In the present study Ashwagandha was found to delay the tumor progression and significantly 
increased the life span of tumor bearing mice. Growth inhibition of tumor cell lines by withanolides from 
Aswagandha leaves has also been reported by Prakash et al. (2002) and Jayaprakasam et al. (2003). 
Urethane induced lung carcinoma bearing mice treated with withanolides for a period of 7 months were 
reported to have a significantly reduced growth of carcinoma compared to control animals (Jayaprakasam et 
al., 2003). They also reported anticarcinogenic effect of Ashwagandha (Prakash et al., 2002).  These studies 
suggest the effective use of Ashwagandha in fighting cancers due to its ability to reduce tumor load and 
thereby increasing the life span of tumor bearing animals.    
 

Table 1. Effect of different concentrations of Ashwagandha on tumor volume 
Days after 

tumor 
transplantation 

Control 40 mg/kg  
Ashwagandha 

60 mg/kg 
Ashwagandha 

80 mg/kg 
Ashwagandha 

Tumor Volume Tumor  
Volume (ml) 

Tumor 
 Volume (ml) 

Tumor  
Volume (ml) 

4 2.22 2.31 2.22 2.14 
6 4.87 3.45 3.01 2.90 
8 6.45 4.32 3.66 3.00 

10 8.20 6.20 4.78 3.88 
12 9.29 8.95 5.99 4.80 
14 10.10 9.80 7.59 5.90 
20 -  8.92 6.70 
25 -  10.70 8.65 
30 -  - 9.77 
35 -  - 9.89 

Mice were injected with 3x106 cells/mice 
Day indicate the no. of day post tumor transplantation 
Ashwagandha was injected i.p. as a single dose on day 4 post tumor transplantation. 
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Table 2. Effect of different concentrations of Ashwagandha on packed cell volume 
Days after tumor 
transplantation 

Control 40 mg/kg  
Ashwagandha 

60 mg/kg 
 Ashwagandha 

80 mg/kg 
Ashwagandha 

Packed  
Cell Volume 

Packed  
Cell Volume 

Packed  
Cell Volume 

Packed  
Cell Volume 

4 0.78 0.78 0.81 0.78 
6 1.23 0.90 0.91 0.73 
8 1.53 1.34 0.99 0.92 

10 1.89 1.55 1.33 1.12 
12 2.10 1.97 1.67 1.30 
14 2.00 2.20 1.78 1.45 
20 - - 1.99 1.67 
25 - - 2.05 1.86 
30 - - - 1.89 
35 - - - 2.32 

Mice were injected with 3x106 cells/mice 
Day indicate the no. of day post tumor transplantation 
Ashwagandha was injected i.p. as a single dose on day 4 post tumor transplantation. 
 

Table 3. Effect of different concentrations of Ashwagandha on the survival of mice bearing Dalton’s 
lymphoma. 

Control 40 mg/kg Aswhwagandha 60 mg/kg Aswhwagandha 80 mg/kg Aswhwagandha 
Day % Survivors Day % Survivors Day % Survivors Day % Survivors 

2 100 4 100 11 100 17 100 
8 50 10 55 16 70 22 50 

12 17 14 27 20 30 27 40 
14 0 18 0 25 0 35 0 

Mice were injected with 3x106 cells/mice 
Day indicate the no. of day post tumor transplantation 
Ashwagandha was injected i.p. as a single dose on day 4 post tumor transplantation. 
 

Table 4. Effect of different concentrations of Ashwagandha on % increase in the life span of tumor 
bearing mice 

Dose of Ashwagandha % increase in the life span of tumor bearing mice 
40 mg/kg 33% 
60 mg/kg 100% 
80 mg/kg 177% 

Mice were injected with 3x106 Dalton’s lymphoma cells /mice 
Ashwagandha was injected i.p. as a single dose on day 4 post tumor transplantation. 
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