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Effect of withaferin, a radiosensitizer, on the erythrocyte antioxid-
ants in carcinoma of uterine cervix
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Abstract

Withaferin, an active component obtained from the root extracts of Withania somnifera
(Ashwaganda), showed antitumor and radiosensitising effects in animals. A similar approach
in human cancer patients could probably increase the therapeutic outcome. Antioxidants are
good markers of free radical induced tissue damage or in other words, radiosensitisation of
tumor cells. Therefore an assay of erythrocyte antioxidant levels namely GSH, GSH-PX,SOD
and G6PD were performed in cancers of uterine cervix, before, in the midst of, and post ra-
diation and compared with the erythrocyte levels of the same in normal controls. Although a
high level of GSH was observed in the baseline samples, this level was consistent after treat-
ment. A significant decrease in GSHPX values following radiation was observed. SOD and
GO6PD levels remained non significant. Therefore establishing the role of withaferin as a ra-

diosensitiser seems to be ambiguous.

Introduction

Cancer of uterine cervix is one of the leading causes of
cancer death among women worldwide[1].Early stages of
this disease can be treated by surgery or with radiation.
Failure of radiotherapy in the local control of solid tumors
is often attributed to the presence of radioresistant hy-
poxic cells. Therapeutic outcome can be improved by
using the chemicals(radiosensitizers) that increase the
radiosensitivity of tumor cells, so that a higher tumor kill-
ing is achieved at conventional doses of RT. Furans, thio-
phenes, imidazoles, pyrazoles, pyrroles and thiazoles have
been synthesised and tested as hypoxic cell radiosensitiz-
ers[2].Withaferin A , the active component obtained from
the alcoholic extracts of the dried roots of the plant
Withania somnifera showed significant antitumor and
radiosensitising effects in experimental tumors induced in
mice without any noticeable systemic toxicity [3,4].As
radiation kills tumor cells by generating free radicals and
since withaferin sensitizes the tumor tissue to radiation
we sought to study the influence of the latter on the
erythrocyte antioxidant levels.

Materials and Methods

20 cases of carcinoma of uterine cervix (stage 111 B )
were considered for the study. All patients were treated
with radiation at Kasturba Medical college, Hospital,
Mangalore, India.

Inclusion criteria

All patients selected were aged between 30 and 70 years.
All cancer patients were selected based on the karnofsky’s
performance scale KPS>70% (10)*

The patients had no previous history of treatment and re-
ceived radiotherapy at a dose of 60 Gy in 30 fractions
over 6 weeks.

*Cares for self but unable to carry out normal activity:
shows some signs or symptoms of the disease



Exclusion criteria

All patients were subjected to thorough clinical examina-
tion and those with severe systemic illness like diabetes
mellitus, coronary artery disease and tuberculosis were
excluded.

All patients with carcinoma of cervix were treated with
withaferin prior to radiotherapy,at a dose of 400mg/m” 2
hrs prior to each sitting. The Institutional Ethical Commit-
tee had approved the drug trials. .

Age and sex matched healthy non hospitalized controls
(n=25) were considered for the comparative study with
the patients

NADPH, Riboflavin, L-methionine and Glutathione stan-
dard were obtained from SRL company limited.Glucose 6
phoshate was purchased from Loba chem.. Cyanomethe-
moglobin standard was bought from Ranbaxy.DTNB was
obtained from SISCO, NBT from S.D. Fine chem. Ltd.
Cumene hydroperoxide from Fluka, Ag L Buchio, Swit-
zerland and Glutathione reductase (E.C.1.6.4.2.) Typelll
from Bakers yeast from Sigma chemicals,U.S.A.

Heparinised vacuotainers were purchased from Babul
Biomedicals Pvt.Ltd, Ahmedabad.

5 ml of venous blood was collected from patients in three
stages:

a. 0 days of radiation (Baseline sample)

b. 15 days of radiation (1 follow up sample)

c. 30 days of radiation (11 follow up sample-all pa-
tients were not available)

Likewise 5 ml of blood was collected from controls.
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Blood samples were kept in an upright position at room
temperature for one hour .Once the plasma separated
erythrocytes were collected and the hemolysate was
prepared by the reported protocol.

This hemolysate was used for estimation of different
parameters. Glutathione (GSH) was assayed by the met -
hod of Beutlar et al [5]. Glutathione peroxidase (GSH-
PX) by the method of Paglia and Valentine [6,7]. Glucose
6 phosphate dehydrogenase (G6PD) was estimated by
monitoring the increase in absorbance at 340 nm [8].
Superoxide dismutase (SOD) was assayed by the method
of Beauchamp and Fridovich [9,10]. Haemoglobin (Hb)
concentration in the RBC was determined by cyanome-
themoglobin method [11]. The activities of GSH was
expressed as nmol/g Hb and the activities of other
antioxidants were expressed in terms of units/g Hb.

Statistical analysis

Kruskal Waalis test was used for comparison between
independent groups. Wilcoxons rank sign test was used
for comparing the follow up cases.

Results

Erythrocyte GSH increased in cancer of uterine cervix as
compared to controls p<0.01. Following treatment, a de-
crease is observed which is not statistically significant
but significantly high as compared to controls p<0.05.
There were no significant changes when GSH-PX values
of patients were compared with controls. However, the
values were significantly low in the second follow up as
compared to first follow up p<0.05.SOD and G6PD val-
ues did not vary between follow up samples or between
the two groups.

Tablel: Erythrocyte parameters in controls and patients treated with radiation and withaferin

Mean+ SEM
Controls Patients
n =25 Baseline 1followup 1 1follow up
n =20 n =20 n=10
GSH (nmol/g Hb) 58.59+ 6.20 13331+ 18.20%  111.67+ 13.94**  111.35+24.20%*
GSH-PX ( nmol of NADP 14.45+ 1.46 14.05+2.26 24.29+4.43 12.87+3.022
reduced /min/ Hb)
G6PD (nmol of NADPH 2.79+0.30 2.94+0.26 2.09 % 0.16 2.68+0.316
oxidised/ min/ g Hb)
SOD (U/g Hb) 6203.09+ 386.80  6688.43+503.50 6881.08= 659.80 6304.28+ 711.4

*p<0.01 significant compared to controls
**p<0.05 significant compared to controls

#p<0.05 significant between first and second follow up
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Discussion

Certain works have reported low levels of GSH in cancer
of uterine cervix and cervical intraepithelial neoplasia
[12,13]. A fall in GSH concentration in blood plasma in
cancer of uterine cervix after one fraction of RT was also
observed which correlated positively with tumor response
as reported by Jadhav et al [14]. On the contrary, elevated
levels of GSH in cancer tissues (oral cancer,lung
squamous cell carcinoma,cervical and other squamous
cell carcinoma) has been observed by Wong et al [15]
which has been attributed to abnormal proliferative acti-
vities in cancer tissues. Our work has observed an eleva-
tion of GSH in the blood which indicates that the abnor-
mal proliferative activities reflects in the blood as well.
However, treatment with radiation and withaferin have
not resulted in alteration in the values of GSH.

GSHPX values have decreased in cancer tissues [16] and
in the blood of cancer patients [17]. A fall in erythrocyte
GSHPX levels was reported in oesophageal cancer [18]
advanced gastrointestinal cancer, breast cancer [19], colon
cancer [20] and lung cancer [21]. Although we report no
change in the baseline samples of cancer patients as com-
pared to controls, RT has led to a fall in the GSHPX lev-
els which could not be reverted by Withaferin. G6PD act-
ivities have neither altered in baseline samples nor in the
post treated samples as compared to controls which would
mean that the reducing equivalents for the generation of
reduced glutathione is provided by some other source.
SOD levels remained nonsignificant in the pretreated and
post treated samples versus controls.

An increase in the antioxidant enzymes namely SOD,
GSHPX and catalase was reported in the rat brain follow-
ing withaferin treatment [22]. No such effects were ob-
served with respect to withaferin in the present work.
Therefore, the role of withaferin in sensitizing the cancer
tissue to radiation remains obscure.
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