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ABSTRACT 
 

Background: Cancer is a major public health problem globally. The burden of cancer is greater in 
developing countries where the cost of treatment and management is way beyond the reach of 
many resource challenged individuals. Plants are a good source for anticancer agents. Withania 
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somnifera has been widely used for its great pharmacological value. Previous studies have shown 
that W. somnifera has potential as an immune modulating agent by up-regulating the Interleukin-7 
cytokine gene expression. Interleukin-7 cytokine (IL-7) is required for the development of the 
immune system. Studies have shown that exogenous IL-7 increases T cell and B cell numbers. 
Activation of CD4+ and CD8+T cells may be effective agents for the treatment of malignant tumors. 
The objective of this study was to confirm that Kenyan W. somnifera plant parts extracts have 
antiproliferative activity and ability to raise IL-7 levels. 
Methodology: The MTT assay was used to evaluate the anti-proliferative potential of the extracts. 
The conventional drug 5-Flourouracil was used as the positive control. For IL-7 analysis, the plant 
extract with the best antiproliferative activity was used. The cells were recultured in T25 flask then 
treated with the extract at 50µg/ml for 48hrs. After which the RNA was extracted using Pure Link 
RNA mini kit (Thermoscientific USA). The extracted RNA was quantified and its quality assessed 
using a NanoDrop ND-2000 spectrophotometer. Reverse transcription and cDNA amplification was 
done by a single step reaction technique using Invitrogen Super Script IV Reverse Transcriptase 
and Thermo scientific real time SYBR green kits according to the manufacturer’s instructions. 
Quantitative real-time PCR was performed in a reaction volume of 25 μL under different condition 
and time. A total of 50 cycles using RT- PCR Quant studio V system were performed. The primers 
were the designed using Expasy and Jusbio after which the ct cycle was used to determine the 
expression levels of IL-7. 
Results: The stem methanol-dichloromethane extracts on HCC (IC50-25.23±1.23), roots water 
extract on DU 145 (IC50-8.04±1.55), leaves methanol-dichloromethane extracts on 22RVI (IC50-
2.21±0.577) had the lowest IC50 values signifying high activity. The methanolic-dichloromethane 
extract stem bark gave the highest selectivity index on HCC (breast cancer, SI-98.403) compared 
to the other extracts. The most inhibitive methanol-dichloromethane extracts against cancerous 
cells did not inhibit the growth of IEC6 (normal cells). However after 48hrs of exposure of the 
plant’s extract on IEC6 cells expression of IL-7 gene was upregulated 2 times for crude W. 
somnifera leaves organic extract and up to 5.37 times for the prepurified fraction. Our findings 
indicate that Kenyan W. somnifera extracts especially in the pre-purified form have potential to 
treat and manage cancer. Of great significance is the potency of the plants extracts more so the 
prepurified fraction to up-regulate IL-7 which is an anticancer cytokine important in proliferation and 
maturation of immune system cells. This cytokine has been implicated in improved cancer 
prognosis. The potency of the W. somnifera extracts and pre-purified fraction to induce up-
regulation of this could infer its probable immune modulation pathway as a possible mechanism of 
action of the plant’s extracts.  

 
 
Keywords: Antiproliferative; anticancer; Withania somnifera; immune modulation. 
 
1. INTRODUCTION 
 

Cancer is a generic term for a large group of 
diseases that can affect any part of the body. It 
encompasses malignant tumors and neoplasms. 
Cancer is the rapid creation of abnormal cells 
that grow beyond their usual boundaries, and 
which can then invade adjoining parts of the 
body and spread to other organs. This process is 
referred to as metastasis. Metastases are the 
major cause of death from cancer [1,2]. Cancer 
is also characterized by malfunctions in 
immunity. Malignant cells manage to escape 
recognition and elimination by the immune 
system [3]. Anyone can develop cancer; 
however, the risk of being diagnosed with cancer 
increases with age. About 77% of all cancers are 
diagnosed in people 55 years of age and older  
[1, 2]. 

Statistics show that cancer death cases were in 
excess of 8.2 million and was ranked as one of 
the leading causes of death in 2012 [3]. Cancer 
cases are expected to rise from 14 million in 
2012 to an overwhelming 22 million in the next 
two decades [4]. The National Institutes of Health 
estimates overall costs of cancer in 2010 at 
$263.8 billion, $102.8 billion for direct medical 
costs (total of all health expenditures); $20.9 
billion for indirect morbidity costs (cost of lost 
productivity due to illness); and $140.1 billion for 
indirect mortality costs (cost of lost productivity 
due to premature death) [1]. 
 
The most fatal forms of cancer include lung, liver, 
stomach, prostate, colorectal and breast cancers 
[1]. About a third of all cancer cases can be 
prevented through improving one’s diet, exercise, 
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lifestyle change viz: reducing tobacco, alcohol 
and sugar use. 
 
Physical carcinogens, such as ultraviolet and 
ionizing radiation; chemical carcinogens, such as 
asbestos, components of tobacco smoke, 
aflatoxin, arsenic and, biological carcinogens, 
such as infections from certain viruses, bacteria 
or parasites interact with an individual’s genetic 
factors to cause an alteration in a normal cell 
which leads to cancerous cell development. 
Ageing is another fundamental factor for the 
development of cancer. Tobacco use, alcohol 
use, unhealthy diet, and chronic infections from 
hepatitis B virus (HBV), hepatitis C virus (HCV) 
and some types of Human Papilloma Virus 
(HPV) are leading risk factors for cancer in low- 
and middle-income countries. Cervical cancer, 
which is caused by HPV, is a leading cause of 
cancer death among women in low-income 
countries [1,5,4].  
 
Cancer can be reduced and controlled by 
implementing evidence based strategies for 
cancer prevention, early detection of cancer and 
management of patients with cancer. Treatment 
includes psychosocial support, surgery, 
radiotherapy, chemotherapy all aimed at curbing 
the disease or prolonging and improving quality 
of life considerably [1].  
 
The efficacy of surgery, chemotherapy and 
radiation is limited as these treatments do not 
eliminate all cancerous cells, do not address the 
immunosuppressive nature of the disease and 
can further impair the patient’s immune response 
weakening patient’s resistance to cancer and 
other opportunistic infections [2].  
 
It is important to address the health challenge 
due to cancer by identifying possible solutions to 
reducing and treating cancer. Medicinal Plants 
and their components have continued to provide 
lead compounds in drug development and should 
be exploited to the benefit of mankind. 
 
Since time immemorial, mankind has used 
traditional medicines for human health care with 
terrestrialplants occupying a significant 
therapeutic role [6]. Over 80% of the world’s 
inhabitants still depend ontraditional medicines 
for primary health care [7]. At least 120 important 
drugs are obtained from plants. Many of thenow 
clinically useful anticancer drugs are either 
natural plant products or derivatives of 
naturalproducts [6]. 
 

W. somnifera (L.) Dunal is an important plant in 
the traditional medicine of Africa and Asia. W. 
somnifera contains more than 80 chemical 
compounds, mainly alkaloids and steroids 
(withanolides).  Numerous studies have been 
published on the activities of these compounds, 
mostly obtained from the leaves and roots. 
These studies have demonstrated antibiotic, anti-
inflammatory, cytotoxic, anti-tumor, cholesterol-
lowering activities and immune modulating 
potential [8,9,10]. The chemistry of W. 
somnifera has been extensively studied and over 
35 chemical constituents have been identified, 
extracted, and isolated. The biologically active 
chemical constituents are alkaloids 
(isopelletierine, anaferine), steroidal lactones 
(withanolides, withaferins), saponins containing 
an additional acyl group (sitoindoside VII and 
VIII), and withanolides with glucose at carbon 27 
(sitoindoside IX and X). W. somnifera is also rich 
in iron [10,11]. The cytotoxicity associated with 
W. somnifera extract is relatively low [8].  
 

Immunologists have proposed and tested a 
variety of novel strategies for generating cell-
based tumor vaccines, focusing on the 
stimulation of CD8+ CTLs because these effector 
cells are capable of specifically and directly 
destroying malignant tumor cells [12].Various 
cytokine genes and/or surface molecules have 
been transfected into tumors, and the modified 
tumor cells have been used as cell-based 
vaccines to enhance antitumor immune 
responses [12]. Cell-based vaccines targeting 
the activation of CD4+ and CD8+ T cells may be 
effective agents for the treatment of 
malignancies, such as breast cancer, where the 
primary tumor is curable by conventional 
methods, but metastatic lesions remain refractile 
to current treatment modalities [12].  
 

Natural products with similar stimulating effects 
on CD8+ CTLs would be extremely useful in 
addressing tumors. W. somnifera has potential to 
increase expression of IL-7 cytokine mRNA [8]. 
IL-7 cytokine is associated with the development 
and maturation of T lymphocytes. IL-7 prolongs 
survival, decreases tumor burden and enhances 
tumor T cell infiltration in vaccinated mice 
[13,14]. Histology of tumors from IL-7–treated 
mice is heavily infiltrated with both CD4

+
 and 

CD8
+
 T cells [13,14]. The presence of tumor 

infiltrating lymphocytes (TILs) within the tumor 
micro-environment is considered to be an 
indication of the host immune response to tumor 
antigens [13] and is thought to reflect the 
dynamic process of “cancer immunoediting”. 
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It would be extremely useful to evaluate various 
W. somnifera plant extracts and pre-                  
purified fractions for antiproliferative activity             
and potential up regulation on the expression              
of IL-7 mRNA.  W. somnifera bioactive 
components can be targeted for developing            
into a nutraceutical to boost immunity against 
cancer. 
 

2. STUDY DESIGN AND METHODS 
 
2.1 Plant Collection and Extraction 
   
2.1.1 Collection and preliminary treatment of 

leaves, stem and roots of Withania 
somnifera 

 
Withania somnifera was collected from Naivasha 
sub-county, Nakuru County, Kenya. The 
collected samples were identified by a specialist 
botanist and voucher specimens with voucher 
Mwitari/Naivasha/WS/1/2015 and stored at the 
University of Nairobi Herbarium. The samples 
were allowed to dry at room temperature at the 
Center for Traditional Medicine and Drug 
Research Botanical laboratory-KEMRI. The dried 
samples were ground into fine powder using an 
electrical mill and stored in air tight plastic bags 
at room temperature until use.  

 

2.2Extraction  
 
Briefly, 200 g of each sample that is the leaves, 
barks and roots were weighed separately and 
each put separate in a conical flask, Methanol: 
Dichloromethane (1:1) 400 ml, was added to 
cover the plant material completely and left to 
stand for 24 hours. The extract was filtered using 
Whatman No. 1 filter paper and residue soaked 
again for another 24hrs. For the water extracts, 
the samples were soaked for 90 minutes in 
double distilled in a water bath at 80ºC.  The 
solvents were removed using a rotor evaporator 
for organic solvents and water extracts freeze 
dried. Concentrated extracts were packed in air 
tight vials and stored at 4ºC until use.  

 
2.3 Cell Line Culturing  
 
ATCC Vero E6 (normal cell line), 22Rv1 
(prostate cancer), DU 145 (prostate cancer) and 
HCC 229 (breast cancer) cell lines were obtained 
from CTMDR biological unit and used for the 
study. The cells were cultured in Minimum 
Essential Media (MEM) (Sigma, USA) 
supplemented with 10% Fetal Bovine Serum 

(FBS) and 100 µg/ml streptomycin, then 
incubated at 5% CO2 for 72 hours at 37ºC. 
 

2.4 Cells Proliferation Assay 
 

Selected cells (ATCC) viz: HCC, DU 145, 22Rv1 
and Vero stored in liquid nitrogen were quickly 
thawed in a water bath at 37

0
C and transferred to 

MEM media warmed to 37 
0
C in 1% DMSO 

solution. The cells were centrifuged at 800 
revolutions per minute for 5 minutes. The 
supernatant was discarded, and cells re-
suspended in complete media; MEM media, 10% 
Fetal Bovine Serum (FBS), 1% L-Glutamine and 
1% antibiotic (PS). The cells were then 
transferred to a T75 culture bottle and incubated 
in a high humidity environment at 37oC and 5% 
CO2. The cells were passaged after attaining 
90% confluence. For anti-proliferation assay, 
cells were seeded at 50,000 cells per ml 
concentration in 96 well flat bottomed micro titer 
plates and incubated in a high humidity 
environment at 37ºC and 5% CO2 overnight. A 
volume of 15 µl of 100mg/ml of the plant’s 
extracts was added to row H, mixed and three-
fold serial dilution done up to row B. Row A 
served as the cell control. The plates were then 
incubated for a further 48hours. Five-flouro uracil 
was used as a positive control. Cells at zero 
concentration of the treatment served as the 
negative control. Ten µl of MTT dye were added 
and incubated at 37ºC at 5% CO2 for 3 hours. 
Formed formazan was then solubilized using 
100µl of DMSO [15], and optical difference (OD) 
read at 562 nm in a 96-well microtiter plate 
(MULTISKAN GO, Thermo scientific, USA) OD 
reader. The test was done in triplicate. Three 
different independent experiments were set for 
each test. The effect of the plant extract and 5-
flouro uracil on the cells was expressed in IC50 
values (the extract concentration reducing the 
absorbance of treated cells by 50% on untreated 
cells) [8,16]. 
 

2.5 RNA Extraction and Gene Ex-
pression Analyses 

 

The IEC-6 (Intestinal epithelial cells) were used 
in evaluation of IL-7 gene expression profiles of 
the most active plant extracts from W.  
somnifera. The cell line used was selected based 
on antiproliferative effect of the extracts. The 
cells were cultured in T25 flask in MEM media 
with 10% Fetal Bovine Serum (FBS), 1% L-
Glutamine and 1% antibiotic (PS) at 5% CO2 and 
37

º
C. The media was supplemented with select 

plant extracts at 50µg/ml singly for 48 hours. The 
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media was then decanted and cells washed in 
PBS. Cell washing was done three times. 
Trypsinization of the cells was done and RNA 
extraction was done using Pure Link RNA mini kit 
(Thermo Scientific, USA). Briefly the cells were 
lysed using a lysing buffer I for two minutes with 
frequent shaking and vortexing. The flask 
contents containing the lysed cells were then 
transferred into a molecular grade RNase free 
Eppendorf tube and centrifuged at 12000 rpm 
and the supernatant discarded. The pellet was 
re-suspended in washing buffer II containing 1% 
2-mecaptoethanol followed by addition of 2 
volumes of cold 70% ethanol to precipitate the 
nucleic acids in the solution. The tube was then 
incubated for 30 minutes at room temperature 
and the contents transferred into a spin cartridge. 
The spin cartridge was then centrifuged to allow 
the RNA bid to the cartridge RNA binding matrix. 
This was followed by RNA elution using RNase 
free water. The extracted RNA was quantified 
and its quality assessed using a NanoDrop ND-
2000 spectrophotometer (NanoDrop Techno-
logies, Inc., Wilmington, DE, USA) and con-
centrations (ng/µl) obtained. The concentra-tion 
of RNA (ng/µl) was used to calculate the 
volumes of RNA and water (H2O) for use in 
reverse transcription by first dividing 500 by ng/µl 
of RNA obtained to give volume of RNA 
suspension in µl. Reverse transcription and 
cDNA amplification was done by a single step 
reaction technique using Invitrogen Super Script 
IV Reverse Transcriptase and Thermo scientific 
real time SYBR green kits according to the 
manufacturer’s instructions. Quantitative real-
time PCR was performed in a reaction volume of 
25 μL. Concisely, 12.5 μL of the SYBR Green 
master mix, 2.5 μL of the gene specific 
oligonucleotides (10×), and 10 μL of RNA (100 
μg) were added into the wells in an optical 96-
well plate. The target gene for amplification IL7   
at reaction conditions of 50ºC for 30 minutes, 
95ºC for 10 minutes at the hold stage, followed 
by 95ºC for 30 seconds and 60ºC for 2 minutes 
at the PCR stage, final extension was at 72ºC for 
30 minutes). A total of 50 cycles using RT- PCR 
Quant studio V system (Thermo Scientific, USA) 
were performed. Three independent replicates 
were done per sample. Glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) was used 
as the internal reference gene for normalization 
of gene expression. The gene-specific 
oligonucleotide primers (GAPDH-F 5’AGA 
CAGCCGCATCTCTTG-3’, GAPDH-R 5’TGAC 
TGTGCCGTTGAACTTG-3’, IL-7R 5’ TTATCC 
ATCACCAGGAGCCC-3’ and IL-7F 5’GCAAC 
CCTGTCATCTGCAAT-3’)were designed using 

Justbio and Expasywebsites primer design tools 
[17]. A single narrow peak from each PCR 
product was obtained by melting curve analysis 
at specific temperatures. The quantitative RT-
PCR data were analyzed by a comparative 
threshold (Ct) method, and the fold inductions of 
the genes by extracts compared with the 
untreated samples. The Ct cycle were used to 
determine the expression level in control and 
cells treated with different extracts for 48 hours. 
The gene-expression levels were calculated as 
described by Yuan et al. [18]. The data obtained 
was expressed as the ratio of the reference gene 
to the target gene using the standard formula: 
ΔCt = Ct (target gene) − Ct (GAPDH). To 
determine the relative expression levels, the 
following formula was used: ΔΔCt = ΔCt (treated) 
−ΔCt (control). Therefore, the expression levels 
were presented as n-fold differences relative to 
the calibrator [8,19,20]. 
 

2.6 Data Management and Analysis 
 
A Laboratory notebook was used to record all 
activities related to this project. Raw and 
processed data was entered into excel data 
sheets. Concentration required to inhibit growth 
of 50% of the cells was calculated using 
Compusyn software. Statistical analysis was 
done using excel data sheets and statview 
version 5.0.1. The expression of IL-7 mRNA 
relative to GAPDH mRNA was calculated, 
tabulated and bar charts drawn. The differences 
between the control and the treatments in these 
experiments were tested for statistical 
significance by unpaired Student’s t-test. A value 
of p≤0.05 was considered to indicate statistical 
significance. Values were expressed as mean 
±S.E.  
 

3. RESULTS  
 

Tables 1, 2 and 3 presents the IC50 values of 
different extracts W. somniferaas mean ±SE from 
three different experiments. Antiproliferative 
activities of the extracts were categorized based 
on median inhibitory concentration (IC50) into four 
groups: ≤ 20 μg/ml, active >20-100 μg/ml, 
moderately active, >100-1000 μg/ml, weakly 
active and >1000 μg/ml, inactive [21,22]. The 
activity of the extracts was also expressed in 
selectivity index (SI) values (Tables 1-4). The SI 
demonstrates the differential activity of the plants 
on normal cells compared to cancerous cells. 
High SI value depicts high selectivity.   Selectivity 
index less than 2 indicates general toxicity and 
greater than 3 depicts high selectivity [23]. 
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All the extracts inhibited the growth of 22Rv1 
(prostate cancer). The plant’s stem methanolic-
dichloromethane extract was more selective in 
the inhibition of 22 Rv1 compared to Vero cell 
line (Table 1). The leaves water extract was 
significantly toxic to normal Vero cells compared 
to 22Rv1 cells and the roots were not toxic to 
22Rv1 cells. Stem’s methanol-dichloromethane 
extract had the highest selectivity index on HCC 

cell line (Breast cancer) compared to normal 
cells (Fig. 1). The leaves water extract was              
more toxic to normal cells and roots water  
extract was not toxic to HCC cells. The roots 
water extract was more selective on DU 145               
(SI = 44.401) compared to the other                  
extracts tested. The leaves water extract was 
more toxic to Vero compared to DU 145               
(Table 3).  

 
Table 1. The IC50 values of W. somnifera extracts on 22Rv1 cells (human prostate cancer cell 

line) and verocells (normal) 

 

Plant Part used  Type of 
extract 

22Rv1(Prostate 
cancer cell line) 

Vero (normal 
cell line) 

Selectivity 
index 

W. somnifera Leaves  M/D 2.21±0.577a 30.29±5.77 13.706 

W. somnifera Roots M/D 98.65±9.64
a
 313.14±5.77 3.174 

W. somnifera Stem M/D 11.27±2.89
a
 412.53±61.73 42.520 

W. somnifera Leaves  W 122.23±6.35
b
 83.64±5.77 0.684 

W. somnifera Roots W N/C 356.99±10.77 N/A 

W. somnifera Stem W 93.79±11.55a 420.02±10.09 4.322 

5-Flourouracil N/A N/A 21.57±16.11
a
 164.63±5.77 7.632 

 
Table 2. The IC50 values of W. somnifera extracts on DU 145 cells (human prostate cancer cell 

line) and verocells (normal) 
 

Plant Part 
used  

Type of 
extract 

DU 145 (Prostrate 
cancer cell line) 

Vero (Normal 
cell line) 

Selectivity 
index 

W. somnifera Leaves  M/D 20.74±5.77
a
 30.29±5.77 0.648 

W. somnifera Roots M/D 149.05±15.68
a
 313.14±5.77 2.101 

W. somnifera Stem M/D 13.33±6.68a 412.53±61.73 35.949 

W. somnifera Leaves  W 393.81±10.59b 83.64±5.77 0.212 

W. somnifera Roots W 8.04±1.55a 356.99±10.77 44.401 

W. somnifera Stem W 239.26±20.77
a
 420.02±10.09 1.694 

5-Flouro uracil N/A N/A 37.68±0.577
a
 164.63±5.77 4.369 

 
Table 3. The IC50 values of W. somnifera extracts on HCC cells (human breast cancer cell line) 

and Vero cells (normal) 
 

Plant Part 
used  

Type of 
extract 

HCC (breast 
cancer cell line) 

Vero (Normal 
cell line) 

Selectivity 
index 

W. somnifera Leaves  M/D N/C 30.29±5.77 N/A 

W. somnifera Roots M/D 25.23±1.23
a
 313.14±5.77 12.688 

W. somnifera Stem M/D 5.97±1.59a 412.53±61.73 89.403 

W. somnifera Leaves  W 392.77±15.57b 83.64±5.77 0.213 

W. somnifera Roots W N/C 356.99±10.77 N/A 

W. somnifera Stem W 169.34±12.82
a
 420.02±10.09 2.339 

5-Flourouracil N/A N/A 10.29±2.95
a
 164.63±5.77 3.701 

Key: MD-Methanol-dichloromathane extract (1:1), W- water, N/C- Not cytotoxic within the tested concentrations, 
N/A – Not applicable. 

a
P<0.001 represents high statistical significance for normal (Vero) compared to each 

cancer cell type (22Rv1, HCC and DU 145). bP<0.001 represents lower statistical significance of normal cells 
(Vero) compared to each cancer cell. 
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The conventional drug (5-Flourouracil) selectively 
inhibited the growth of all cancer cells compared 
to the normal cells. However, the selectivity 
indexes of the roots water (SI=44.401) and stem 
methanol-dichloromethane extracts (SI=35.949) 
Selectivity Index’s were significantly higher 
compared to those of the 5-Flouro uracil on DU 
145 (p<0.001). The extracts of the stem and                
root methanol-dichloromethane were significantly 
more selective compared to 5-Flourouracil               
drug on HCC cells. Leaves and stem’s  
methanol-dichloromethane extracts selectivity 
indexes on 22Rv1 were significantly high 
compared to 5-Flouro uracil the positive control 
drug.  
 
Table 4. Fold change in expression of mRNA 

of interleukin 7 gene 
 

Sample  IL7 gene 
expression 

W. somnifera MD 2.934±0.314 

W. somnifera pre-
purified fraction 

4.873±0.965 

 
Withania somnifera extracts up-regulation of 
interleukin 7 gene 
 
In order to evaluate the immunomodulatory effect 
of W. somnifera extracts, the up regulation and 
down regulation of interleukin 7 gene (IL-7) was 
analyzed. W. somnifera mediated expression 
was performed by treating IEC-6 cells with the 
plants extracts and pre-purified fractions. Cells 

treated with W. somnifera leaves methanol-
dichloromethane (1:1) extract showed a two 
times up-regulation of the IL-7 gene. The up 
regulation of IL-7 was found to be higher where 
IEC-6 cells were subjected to the pre-purified 
fraction to over 5 times compared to the house 
keeping gene, GAPDH.  
 

4. DISCUSSION 
 
The study sought to determine the probable 
anticancer activity of Kenyan W. somnifera 
extracts and pre-purified fraction. In 2012 more 
than 32.6 million people worldwide had cancer 
[24]. Radiotherapy, chemotherapy and surgery 
have been the main stay techniques in cancer 
treatment and management for centuries. In 
1996 Dana Leach proposed for the first time 
immune approaches in treatment and manage-
ment of cancer. This proposal accelerated the 
search for new immune-modulatory agents which 
led to approval of the first immune checkpoint 
inhibitor by FDA in 2011 [25]. As progress 
continues in immunotherapy it is evident that              
the discovery of this new therapeutic approach 
was a landmark innovation [26]. 
Immunomodulation used to control cancer 
development through cytokine induction has 
been discovered to be one search novel 
approach. W. somnifera has been known to                    
be a potential anticancer agent in studies done                 
in various parts of the world. Given the fact that 
phytochemical composition could differ with 
geographical location of the plant [27]. 

 

 
 

Fig. 1. Effect of the plant extracts on prostate and breast cancer cells 
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This study evaluated and demonstrated the 
antiproliferative activity of the plant extracts 
against breast and prostate cancer cells. The 
selectivity indices demonstrating both toxic and 
selective potential of the different plant part 
extracts. This could be attributed to the different 
phytochemical composition and concentration in 
the leaves, stem and roots.  The results obtained 
are in conformation with previous studies in 
which various extracts from the plant were              
found to be active against various cancer cell 
lines [28,29,30]. However, the study is different in 
that we report a comparison between methanol-
dichloromethane and water extracts potential use 
in breast and prostate cancer treatment and 
management. Previous studies had indicated 
that the roots are the most potent [31]. However, 
the data obtained in this study shows varied 
inhibition of the cancer cells by extracts from 
different parts of the plant. The disparity may be 
due to phytochemical composition in different 
parts of the plant, environmental pressure and 
geographical location.    
 
The effect of the plant’s extracts on IL-7 gene 
expression was also evaluated. From this study 
we were able to see the up regulation of IL-7 
gene by the plant extracts. Several studies have 
demonstrated the importance of cytokines, they 
provide support, growth and differentiation 
signals to the cells of the immune system and 
are of interest for therapeutic development [32]. 
Of these, the cytokines that signal through the 
gamma common (γc) chain, such as IL-2, IL-4, 
IL-7, IL-9 or IL-15, are among the most essential 
[33]. 
 
Intestinal epithelial cells (IEC) have been 
implicated in IL-7 synthesis [8,34]. IL-7 plays an 
important role in immune processes in our 
bodies. Several studies have indicated that IEC 
may play an important role in mucosal immune 
responses by helping to regulate intestinal 
intraepithelial lymphocytes (IEL) [35].Importance 
and usefulness of Cytokine IL 7 as a tool in 
immunologic activities has been demonstrated 
before [36]. IL-7 has a potential for adoptive 
immunotherapy [37,38]. IL-7 is required for the 
development of the immune system, and studies 
have shown that exogenous IL-7 increases T cell 
and B cell numbers in mice [39]. 
 
Plant extracts that enhance or stimulate the 
production of IL-7 cytokine therefore provide 
potential candidates in cancer treatment as 
immune boosters. IEC and IL-7 are viable 
research tools in evaluation of potential plant 

medicines and their mode of action.  Other 
studies have reported that the plant extracts 
inhibit expression of IL-8 and Cyclooxgenase -2 
(COX-2) in prostate cancer cells. Interlukin-8 and 
cyclooxygenase -2 over expression is followed 
by chronic inflammation, increased proliferation, 
angiogenesis, apoptosis inhibition and 
metastasis [40]. The dimethyl sulfoxide extract is 
cytostatic and cytotoxic to leukemia cells. The 
plant’s extract also induces immunogenic cell 
death [41]. 

 
W. somnifera is widely used traditionally in 
treatment of various diseases including cancer. 
W. somnifera is among the GRAS (Generally 
Regarded as Safe) family which is a group of 
plants that have been found to be useful in 
treatment of various diseases [42]. 

 
Strong scientific justification on the use of plants 
as nutraceuticals or leads will go a long way in 
treatment and management of cancer among the 
poor [43].  

 
This study shows that W. somnifera could be a 
potent agent in cancer treatment and manage-
ment. 

 
5. CONCLUSION 
 
W. somnifera might have an important role 
among other plants as a source of anticancer 
agents. Different parts of the plant extracted and 
tested in this study gave varied activity on 
different cancer cells. The solvent used in 
extraction might have varied activity on different 
cancer cells due to chemical composition of the 
extracts. Of more importance to note is the ability 
of the plant’s extracts to upregulate the 
expression of IL 7 gene, a major 
immunomodulator in cancer: immunoediting. 
Isolation of pure compounds is being considered 
to identify the bioactive compounds. Formulation 
of W. somnifera extract as a nutraceutical to aid 
cancer management and treatment remains a 
novel idea. Studies to deduce other probable 
mechanisms of action are underway to establish 
the potential of the plant in cancer treatment and 
management.  

 
CONSENT 
 
Consent to publish this manuscript sought from 
Director, KEMRI through the KEMRI publications 
committee. 
 



 
 
 
 

Mwitari et al.; JOCAMR, 5(1): 1-11, 2018; Article no.JOCAMR.40053 
 
 

 
9 
 

ETHICAL APPROVAL  
 
Ethical approval was sought from Kenya Medical 
Research Institute (KEMRI); Scientific and Ethics 
Review Unit (SERU) before conducting the study 
(Approval number SSC 2902. 
 

ACKNOWLEDGEMENT 
 
I acknowledge the KEMRI Grantmanship office 
for awarding research funds for this project 
through award number IRG/143/5. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Cancer Facts & Figures. Atlanta: 

American Cancer Society. 2011;55. 
2. Cancer Facts & Figures.  American Cancer 

Society. Atlanta: American Cancer Society; 
2014. 

3. Shurin MR.  Cancer as an immune-
mediated disease, Immuno Targets and 
Therapy. Dove Medical Press. 2012;1:1–6. 

4. Available:http://www.who.int/mediacentre/f
actsheets/fs29  7/en/  
(Accessed 28

th
 April 2014) 

5. De Martel C, Ferlay J, Franceschi S, et al. 
Global burden of cancers attributable to 
infections in 2008: A review and synthetic 
analysis. The Lancet Oncology. 2012;13: 
607-615. 

6. Pezzuto JH. Plant-derived anticancer 
agents. Biochemical Pharmacology. 1997; 
53:121-133. 

7. Cragg G, Newman, D. Nature’s bounty. 
Chem. Brit. 2001;37(1):22-26. 

8. Mwitari PG, Ayeka PA, Ondicho J, Matu 
EN, Bii CC. Antimicrobial activity and 
probable mechanisms of action of 
medicinal plants of Kenya: Withania 
somnifera, Warbugia ugandensis, Prunus 
africana and Plectranthus barbatus. PLoS 
ONE. 2013;8(6):e65619. 
Doi:10.1371/journal.pone.0065619. 

9. Welman M. South African National 
Biodiversity Institute, South Africa; 2011. 

10. Mishra LC, Singh BB, Dagenais S. 
Scientific basis for the therapeutic use of 
Withania somnifera (Ashwagandha): 
Alternative Medicine Review. 2000;5(4): 
334–346. 

11. Singh G, Sharma PK, Dudhe R, Singh S. 
Biological activities of Withania somnifera.. 
Annals of Biological Research. 2010;3:56–
63. 

12. Beth A. Pulaski and Suzanne Ostrand-
Rosenberg. Suzanne Ostrand-Rosenberg 
reduction of established spontaneous 
mammary carcinoma metastases following 
immunotherapy with major 
histocompatibility complex class II and B7.1 
cell-based tumor vaccines.  Cancer Res. 
1998;58:1486-1493. 

13. Eiichi Sato, Sara H. Olson,  JiyoungAhn, 
Brian Bundy, Hiroyoshi Nishikawa,  
FengQian, Achim A. Jungbluth, Denise 
Frosina, Sacha Gnjatic,  Christine 
Ambrosone, James Kepner, Tosin Odunsi,  
Gerd Ritter, Shashikant Lele, Yao-Tseng 
Chen, Haruo Ohtani, Lloyd J. Old, 
KunleOdunsi. Intraepithelial CD8+ tumor-
infiltrating lymphocytes and a high 
CD8+/regulatory T cell ratio are associated 
with favorable prognosis in ovarian cancer.  
The National Academy of Sciences 
Copyright ©; 2005. 

14. Marc Pellegrini, Thomas Calzascia, Alisha 
R Elford, ArdaShahinian, Amy E Lin,Dilan 
Dissanayake, Salim Dhanji, Linh T 
Nguyen, Matthew A Gronski, Michel Morre, 
Brigitte Assouline, Katharina Lahl, Tim 
Sparwasser, Pamela S Ohashi & Tak W 
Mak. Adjuvant il-7 antagonizes multiple 
cellular and molecular inhibitory networks 
to enhance immunotherapies. Natural 
Medicine. 2009;15:528–536. 

15. Peter R Twentyman, Mark  Luscombe.  A 
study of some variables in a tetrazolium 
dye (MTT) based assay for cell growth and 
chemosensitivity. British Journal of Cancer. 
1987;56:279–285. 

16. Nemati F, Dehpouri AA, Eslami BJ, 
Mahdavi V, Mirzanejad S. Cytotoxicity 
Properties of some medicinal plant extract. 
Iranian Red Crescent Medicinal Journal 
Mazandran, Iran. 2013;47(1):8871. 

17. Rozen S, Skaletsky HJ. Primer 3 on the 
WWW for general users and for biologist 
programmers. In: Krawetz S, Misener S 
(eds) Bioinformatics Methods and 
Protocols: Methods in Molecular Biology. 
Humana Press, Totowa, NJ. 2000;365–
386. 

18. Yuan JS, Reed A, Chen F, Stewart CN. 
Statistical analysis of real-time PCR data. 
BMC Bioinformatics. 2006;7:85. 

19. Ali A. Alshatwi, GowharShafi, Tarique N. 
Hasan, Naveed Ahmed Syed, Amal A. Al-



 
 
 
 

Mwitari et al.; JOCAMR, 5(1): 1-11, 2018; Article no.JOCAMR.40053 
 
 

 
10 

 

Hazzani, Mohammed A. Alsaif, Abdulaziz 
A. Alsaif.  Differential Expression Profile 
and Genetic Variants of Micro RNAs 
Sequences in Breast Cancer Patients; 
2012. 

20. Kandhasamy Sowndhararajan, Sunghyun 
Hong, Jin-Woo Jhoo, Songmun Kim, Nyuk 
Ling Chin. Effect of acetone extract from 
stem bark of Acacia species (A. dealbata, 
A. ferruginea and A. leucophloea) on 
antioxidant enzymes status in hydrogen 
peroxide-induced HepG2 cells. Saudi 
Journal of Biological Sciences. 2015; 
22(6):685-691. 

21. Atjanasuppat K, Wongkham W, 
Meepowpan P, Kittakoop P, Sobhon P, 
Bartlett A, Whitfield PJ. In vitro screening 
for anthelmintic and antitumour activity of 
ethnomedicinal plants from Thailand. J 
Ethnopharmacol. 2009;123:475–482. 

22. Zainal Baharum, Abdah Akim, Yun Hin 
Taufiq-Yap Yun Hin Taufiq-Yap, Kasran 
Rosmin. In vitro antioxidant and 
antiproliferative activities of methanolic 
plant part extracts of theobroma cacao. 
Molecules. 2014;19(11):18317-31. 

23. Badisa RB, Darling-Reed SF, Joseph P, 
Cooperwood JS, Latinwo LM, Goodman 
CB. Selective cytotoxic activities of two 
novel synthetic drugs on human breast 
carcinoma MCF-7 cells. Anticancer. Res. 
2009;29:2993-2996.  

24. Torre LA, Bray F, Siegel RL, Ferlay J, 
Lortet-Tieulent J, Jemal A. Global cancer 
statistics, 2012. CA: A Cancer Journal for 
Clinicians. 2015;65:87–108.  
DOI:10.3322/caac.21262. 

25. Food and Drug Administration FDA 
approves new treatment for a type of late-
stage skin cancer. Mar 25, 2011.  
Available:www.fda.gov/NewsEvents/Newsr
oom/PressAnnouncements/ucm1193237.h
tm.  
(Accessed February 3, 2016) 

26. Yongshu Li, FangfeiLi, Feng Jiang, 
Xiaoqing Lv, Rongjiang Zhang, Aiping L, 
Ge Zhang. A mini-review for cancer 
immunotherapy: Molecular understanding 
of PD-1/PD-L1 Pathway & Translational 
Blockade of Immune Checkpoints. 
International Journal of Molecular 
Sciences. 2016;17:1151. 

27. Wei Liu, Dongxue Yin, Na Li, Xiaogai Hou, 
Dongmei Wang, Dengwu Li, Jianjun Liu. 
Influence of Environmental Factors on the 
Active Substance Production and 
Antioxidant Activity in Potentilla fruticosa L. 

and Its Quality Assessment. Scientific 
Reports. 2016;6:28591. 

28. Prabhakar Lal Srivastava, Pankaj P. 
Daramwar, Ramakrishnan Krithika, 
Avinash Pandreka, S. Shiva Shankar, 
Hirekodathakallu V. Thulasiram. Functional 
characterization of novel sesquiterpene 
synthases from Indian Sandalwood, 
Santalum album. Scientific Reports. 2015; 
5:10095. 

29. Kaur R, Ahuja AK, Gupta BK. Nutritional 
evaluation of fodder based total mixed 
ration. Indian Journal of Animal Nutrition. 
2004;21(1):60-62. 

30. Rajeev Nema, SaritaKhare, Parul Jain, 
Alka Pradhan, Abhishek Gupta, 
Dharmendra Singh. Natural products 
potential and scope for modern cancer 
research. American Journal of Plant 
Sciences. 2013;4:6. Article ID: 33556, 8 
Pages  
DOI:10.4236/ajps.2013.46157 
Available:https://doi.org/10.1371/journal.po
ne.0030049. 

31. Yadav V, Kumar M, Deep DK, Kumar H, 
Sharma R, Tripathi T, Tuteja N, Saxena 
AK, Johri AK. A phosphate transporter 
from the root endophytic fungus 
Piriformospora indica plays a role in 
phosphate transport to the host plant. J 
Biol Chem. 2010;285(34):26532-44. 

32. Christina Kittipatarin, Nuska Tschammer, 
Annette R. Khaled. The interaction of LCK 
and the CD4 co-receptor alters the dose 
response of T-cells to interleukin-7 
Immunology Letters. 2010;131:170–181. 

33. Tsujino S, Di Santo JP, Takaoka A, 
McKernan TL, Noguchi S, Taya C. 
Differential requirement of the cytoplasmic 
subregions of gamma c chain in T cell 
Development and Function. Proc Natl 
Acad Sci. 2000;97:10514–9. 

34. Suzuki S, Kokubu F, Kawaguchi M, 
Homma T, Odaka M, et al. Expression of 
interleukin-17F in a mouse model of 
allergic asthma. Int Arch Allergy 
Immunology. 2007;143(Suppl1):89–94. 
DOI: 10.1159/000101413. 

35. Kobayashi H, Dubois S, Sato N, Sabzevari 
H, Sakai Y, et al. Role of transcellular IL15 
presentation in the activation of NK cell-
mediated killing, which leads to enhanced 
tumor immunosurveillance. Blood. 2005; 
105:721–7:E66. 

36. Gagnon J, Chen XL, Forand-Boulerice M, 
Leblanc C, Raman C, et al. Increased 
antigen responsiveness of naive CD8 T 



 
 
 
 

Mwitari et al.; JOCAMR, 5(1): 1-11, 2018; Article no.JOCAMR.40053 
 
 

 
11 

 

cells exposed to IL-7 and IL-21 is 
associated with decreased CD5 expres-
sion. Immunology and Cell Biology. 2010; 
88:451–460. 

37. Comber JD, Bamezai AK. In vitro 
derivation of interferon-γ producing, IL-4 
and IL-7 responsive memory-like CD4+ T 
cells. Vaccine. 2012;30:2140–2145. 
DOI: 10.1016/j.vaccine.2012.01.037. 

38. Pellegrini M, Calzascia T, Toe JG, Preston 
SP, Lin AE, et al. Cell. 2011;144:601–613. 

39. Fry TJ1, Mackall CL. Interleukin-7: 
frombench to clinic. Blood. 2002; 
99(11):3892-904. 

40. Sivaraman Balakrishnan, Martin J 
Wainwright, Bin Yu, et al. Statistical 
guarantees for the em algorithm: From 

population to sample-based analysis. The 
Annals of Statistics. 2017;45(1):77–120. 

41. Eleonora Turrini, Cinzia Calcabrini, Piero 
Sestili, Elena Catanzaro, Elena de Gianni, 
Anna Diaz, Patrizia Hrelia, Massimo 
Tacchini, Alessandra Guerrini, Barbara 
Canonico, Stefano Papa, Giovanni Valdrè, 
Carmela Fimognari. 'Withania somnifera 
Induces Cytotoxic and Cytostatic Effects 
on Human T Leukemia Cells', Toxins. 
2016;8:12-147. 

42. Desai R, Pellikka M, Sarpal R, Tepass U. 
Characterization of a-catenin using a 
structure-function approach. 2008;214A. 
Fly Base ID FB rf0203463. 

43. Hasler CM. A new look at an ancient 
concept. Chem. Industry. 1998;2:84-89. 

_________________________________________________________________________________ 
© 2018Mwitari et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history/23809 


