Antioxidants with Multivitamin and Mineral

Supplementation Attenuates Chemotherapy or
Radiotherapy-induced Oxidative Stress in Cancer

Patients

Ravikant Yashwantrao Patil'*, Harinath Nivrutti More?

'Department of Pharmacology, D.S.T.S Mandal’s College of Pharmacy, Solapur, Maharashtra, INDIA.
2Department of Pharmaceutical Chemistry, Bharati Vidyapeeth’s College of Pharmacy, Morewadi, Kolhapur, Maharashtra, INDIA.

ABSTRACT

Aim: The present study was planned to evaluate the combined effects of antioxidant
multivitamin and minerals (AMM) in reducing cancer and cancer therapy-induced oxidative
stress. In addition cell viability of human malignant melanoma and normal mouse fibroblast
cell lines after treatment with different concentrations of AMM and methotrexate were
also estimated. Methods: Amongst the 120 cancer patients recruited for the study, 60
patients each were treated with radiotherapy and chemotherapy. In both radiotherapy
and chemotherapy, 30 patients each were supplemented with AMM for 30 days. Thirty
healthy human volunteers were recruited for comparison. On day 31, blood samples
were collected for estimation of oxidative stress markers (MDA and nitrite), endogenous
(SOD and GPx) and exogenous (Vitamin C and Vitamin E) antioxidants and essential
trace elements (zinc, copper and selenium). In addition, cell viability of human malignant
melanoma and normal mouse fibroblast cell lines were estimated after treatment with
different concentrations of AMM and methotrexate. Results: Supplementation of AMM
during cancer therapy minimized the burden of free reactive radicals and restored
the endogenous and exogenous antioxidants and essential trace element levels. In
addition, AMM has no cytotoxic effect on normal mouse fibroblast cell lines. But AMM
imparts suppression of cell proliferation in human malignant melanoma. Conclusion:
Supplementation of antioxidants with multivitamin and mineral during cancer therapy is
found to be beneficial as they minimize the burden of free reactive radicals and restores
the endogenous and exogenous antioxidants and essential trace element levels.
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INTRODUCTION

Extensive scientific studies have shown that
oxidative stress is involved in several acute
and chronic diseases including cancer.”
Elevated levels of Reactive Oxygen Species
(ROS) causes overproduction of malo-
ndialdehyde (MDA), a final product of
polyunsaturated fatty acids peroxidation in
the cells. Hence, MDA is commonly consid-
ered as one of the key markers of oxidative
stress and antioxidant status in cancerous
patients.” Increased levels of ROS and cell
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damage is linked with the pathogenesis of

cancer.'

Antioxidants are substances that may
protect tissues and organs from the damage
caused by free radicals. Antioxidants

neutralize free radicals by donating one
of their own eclectrons and ending the
electron “stealing” reaction. This helps
to prevent ROS mediated cell and tissue
damage.* A delicate between
oxidants and antioxidants is required for

balance

the normal functioning of living systems.
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Imbalance between the production of free radicals and
their elimination by antioxidant defence mechanism
induces loss of cell membrane function and its integ-
rity. In addition, increased oxidative stress leads to DNA
damage which promotes genomic instability and cell
proliferation. This facilitates tumour initiation and tumour
promotion. Hence, oxidative stress is a key component
in the carcinogenesis process.”

On the other hand, radiation and some chemotherapeutic
agents used in cancer treatment generate ROS. High
ROS level in the body diminishes cellular antioxidant
capacity and cause damage and necrosis of malignant
cells. Hence, radiation and chemotherapeutic agents also
produce toxic effect on normal cells due to the dimin-
ished cellular antioxidant capacity in cancer patients.
So, antioxidant supplements are widely used by cancer
patients in order to prevent the toxic side effects of can-
cer treatment.'”

In addition to antioxidants, essential trace elements also
play a vital role in many biochemical enzymatic reac-
tions and have been examined critically as a potential
key factor in various human diseases including cancers.
Zinc and selenium play an anti-carcinogenic role
through structural stabilization of DNA, RNA and
ribosome. Zinc and selenium have a protective effect
against freeradical injury. Previous studies reported
that there is a strong association between decreased
concentration of serum selenium and zinc with various
types of cancers such as ovarian, testicular, cervical,
bladder and renal cancer.”” Decreased amounts of the
essential trace elements especially selenium and zinc
were observed in post-therapy of cancer.'

It is well documented that cancer patients often suffer
from Vitamin deficiencies, especially of folic acid,
Vitamin C and pyridoxine. Cancer therapy reduces
serum levels of antioxidant Vitamins due to lipid
peroxidation and thus produces an elevated level of
Therefore,
certain antioxidants and nutrients can help to enhance

oxidative  stress. supplementation  of
the health status of patients undergoing continuous
regime of chemotherapy.*

In light of the above facts, present study was planned
to evaluate the combined effects of antioxidants
with multivitamin and minerals (AMM) in reducing
cancer therapy-induced oxidative stress in cancer
patients. In addition, cell viability of A-375 human
malignant melanoma cell line and the L-929 normal
mouse fibroblast cell line after treatment with different
concentrations of AMM and methotrexate were also
estimated.

MATERIALS AND METHODS

Effect of AMM in cancer therapy-induced
oxidative stress

Total 120 patients clinically diagnosed with cancer of
any type and free from severe infections, major operations,
hepatic or respiratory diseases, other chronic inflam-
matory conditions, trauma, GI disorder, diabetes and
non-alcoholic and non-smokers were included in the
study. Out of 120 patients, 60 patients underwent
radiotherapy and 60 patients were on chemotherapy in
Shri Siddheshwar Cancer Hospital and Research Centre,
Solapur, Maharashtra, India. For comparison of data
30 healthy volunteers were recruited. The study protocol
was approved by the institutional ethical committee
(IEC/COPS/01) and written informed consent was
obtained from the subjects.

Subjects were divided into five groups, namely group I:
healthy volunteers; group II: patients on radiotherapy
without AMM supplementation; group III: patients
on radiotherapy supplemented with AMM; group IV:
patients on chemotherapy without AMM supplementa-
tion; and group V: patients on chemotherapy supple-
mented with AMM.

AMM supplementation involved the daily adminis-
tration for one month of an AMM tablet containing
Vitamin-A acetate (500 IU), Vitamin-B1 (10 mg),
Vitamin-B2 (10 mg), Vitamin-B6 (3 mg), Vitamin-B12
(5 pg), Vitamin-C (100 mg), Vitamin-D3 (500 IU),
Vitamin-E acetate (25 IU), niacinamide (50 mg), folic
acid (1 mg), calcium pantothenate (12.5 mg), chromic
chloride (65 pg), cupric oxide (2.5 mg), manganese chlo-
ride (1.4 mg), sodium selenate (60 ng) and zinc oxide
(15 mg).

After one month 24 hr post last dose of AMM supple-
mentation, blood samples were collected into the hepa-
rinised bulb for serum collection and non-heparinised
sterile bulb for plasma collection. Plasma and serum
were separated from respective bulbs by centrifugation
at 3000 rpm for 10-15 min at room temperature. Then
all samples were stored at 4°C before the analysis.
Serum samples were used to estimate total lipid

" nitric oxide (as nitrite)," total antioxidants,"

peroxide,
glutathione peroxidase,' Vitamin E," zinc,'® copper'
and selenium and plasma sample were used to estimate

superoxide dismutase'” and Vitamin C."®

Effect of AMM on in vitro proliferation

The cell viability study was done by using 3- (4, 5—
dimethylthiazol -2 -yl) -2,5 -diphenyl tetrazolium
bromide (MTT) reduction method.
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A-375 human malignant melanoma cell line and L.-929
normal mouse fibroblast cell line were cultured in
DMEM medium supplemented with 10% heat-inacti-
vated fetal calf serum (FBS) and 1% antibiotic- antimy-
cotic 100X solution. The seeding of the cells was done
at an approximate density of 5X103 cells per well in a
flat bottom 96-well microplate and incubated overnight
at 37°C in 95% humidity and 5% CO,. The cell lines
were treated with different concentrations (62.5 pg/
ml, 125 pg/ml, 250 pug/ml, 500 pg/ml and 1000 pg/
ml) of AMM and methotrexate and incubated for 24 hr.
Then incubated cells were washed twice with phosphate
buffer and 20 ul of MTT staining solution (5 mg/ml
in phosphate buffer) were added to each well and
incubated at 37°C for 4 hr. Then amount of formazan
synthesized after reduction of MTT by mitochondrial
enzyme of viable cells was dissolved by adding 100 pl
di-methyl sulfoxide at each well. The absorbance was
read spectrophotometrically using micro plate reader at
570 nm wave length. The cell viability was expressed
as percentage cell survived after treatment using the
formula:

Mean OD of test compound

Cell viability (%) = -
Mean OD of Negative control

x 100

Inhibiting cells (%) = 100- Surviving cells
Statistical analysis

Data were expressed as means * SDs. Statistical analysis
were carried out by One-way analysis of vatriance
(ANOVA) followed by Tukey post hoc test. P values
<0.05 were taken to indicate statistically significant
differences.

RESULTS

Effect of AMM in cancer therapy-induced oxidative
stress

Total lipid peroxide

The extent of serum lipid peroxidation estimated as
malondialdehyde (MDA) was elevated to a significant
(P<0.001) level in the patients undergone radiotherapy
(1368.41 £ 668.79 nM/dl) or chemotherapy (1509.28 £
182.03 nM/dl) compared to that in the control group
(510.47 + 87.21 nM/dl). Supplementation of AMM
to the patients undergoing radiotherapy (1142.46 *+
90.77 aM/dl) or chemotherapy (90.77 aM/dl) reduced
the extent of lipid peroxidation significantly (P<0.05)
compared to that in the control group. The percentage
decrease in MDA levels in both these groups were
16.51% and 20.43%, respectively (Figure 1).
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Figure 1: Effect of AMM supplementation on serum MDA
levels in cancer patients receiving radiotherapy or
chemotherapy.

Values are mean + SD. ##P<0.001Vs healthy subjects and "P<0.05 Vs patients under-

gone radiotherapy or chemotherapy alone.
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Figure 2: Effect of AMM supplementation on serum nitrite
levels in cancer patients receiving radiotherapy or

chemotherapy.
Values are mean + SD. #*#P<0.001Vs healthy subjects, "P<0.05 Vs patients undergone
chemotherapy alone and “P<0.01 Vs patients undergone radiotherapy alone.

Nitric Oxide

The extent of serum nitric oxide estimated as nitrite
was found to be significantly (P<0.001) increased in the
patients undergone radiotherapy (206.14 = 67.07 pM/L)
ot chemotherapy (96.69 + 36.85 uM/L) compared to
that in the control group (41.59 £ 7.28 uM/L). Treatment
with AMM to the patients undergoing radiotherapy
(121.96 £ 38.53) or chemotherapy (72.27 £ 4.09 pM/L)
significantly (P<0.01 and P<0.05, respectively) reduced
nitric oxide level when compared with patients under-
gone radiotherapy or chemotherapy without AMM
treatment. The percentage decrease in nitric oxide levels
in both these groups were 40.83% and 25.25%, respec-
tively (Figure 2).

Total Antioxidant

Effect of AMM on serum total antioxidant levels
in radiotherapy or chemotherapy undergone cancer
patients are depicted in Figure 3. Compared to the
control group (5.32 £ 0.28 pM/L) a significant
(P<0.001 and P<0.01, respectively) depletion of total
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Figure 3: Effect of AMM supplementation on serum total
antioxidant levels in cancer patients receiving radiotherapy
or chemotherapy.
Values are mean + SD. #P<0.01 and #*##P<0.001 Vs healthy subjects, "P<0.05 Vs
patients undergone chemotherapy alone and “"P<0.01 Vs patients undergone
radiotherapy alone.

antioxidant levels were observed in patients undergone
radiotherapy (2.08 £ 0.90 uM/L) or chemotherapy
(3.85 £ 0.21 pM/L). Supplementation of AMM to the
cancer patients during radiotherapy (3.92 * 0.45
uM/L, P<0.001)) or chemotherapy (4.78 * 0.36 pM/L,
P<0.05)) restored the total antioxidant levels towards
healthy control group subjects.

Enzymatic antioxidants

The levels of SOD were significantly (P<0.01) decreased
in the cancer patients undergoing radiotherapy or
chemotherapy compared to that in the control group
(641 £ 0.74 U/ml). The SOD levels in the cancer
patients undergoing radiotherapy or chemotherapy
were found to be 3.89 + 0.39 U/ml and 4.19 + 0.35 U/ml,
these values are 39.31% and 34.63% less than the
healthy subjects, respectively. The SOD levels in cancer
patients undergoing radiotherapy or chemotherapy
were well restored (18-20%) by supplementation of
AMM during cancer therapy. The values of SOD in these
groups were found to be 4.61 £ 0.58 and 5.01 £ 0.59,
respectively and these were found to be statistically
significant (P<0.05) compared to non-AMM treated
groups (Table 1).

Another estimated enzymatic antioxidant, glutathione
peroxidase was also found to be significantly (P<0.01)
decreased in cancer patients receiving radiotherapy or
chemotherapy compared to that in the control group.
In control group, the level of glutathione peroxidase
was found to be 678.26 = 104.18 and this was depleted
by 40.33% and 28.60% in radiotherapy or chemotherapy
underwent cancer patients, respectively. Supplementa-
tion of AMM to the radiotherapy undergoing cancer
patients significantly (P<0.01) restored the glutathi-
one peroxidase level by 26.46% when compared to the
cancer patients not treated with AMM. Supplementation
of AMM to the chemotherapy undergoing cancer
patients was also restored towards the normal by 4.64%
when compared to the cancer patients not treated with
AMM but the values were not statistically significant
(Table 1).

Non-enzymatic antioxidants

Compared to control group the plasma concentration of
Vitamin C and Vitamin E were significantly (P<0.001)
decreased in cancer patients receiving radiotherapy or
chemotherapy. These non-enzymatic antioxidants
levels were well restored in cancer patients receiving
radiotherapy or chemotherapy supplemented with AMM.
Supplementation of AMM significantly (P<0.001)
restored the depleted concentration of Vitamin C in
cancer patients receiving radiotherapy or chemotherapy
by 262.5% and 75.0%, respectively when compared to
the AMM non-treated cancer patients receiving radio-
therapy or chemotherapy.

Whereas, supplementation of AMM also restored the
depleted concentration of Vitamin E in cancer patients
receiving radiotherapy or chemotherapy by 33.33%
(P<0.05) and 5.43%, respectively when compared to the
AMM non-treated cancer patients receiving radiotherapy
or chemotherapy. Effect of AMM supplementation on
non-enzymatic antioxidants in cancer patients receiving
radiotherapy or chemotherapy is shown in Table 1.

Table 1: Effect of AMM supplementation on enzymatic and non-enzymatic antioxidants levels in cancer

patients.
Group SOD GPx Vitamin C (mg/100ml) | Vitamin E (mg/100ml)
(U/ml) (mg/gm of Hb)
Healthy subjects 6.41+0.74 678.26 + 104.18 1.08 £0.16 1.02 £ 0.05
Radiotherapy alone 3.89 £ 0.39° 404.71 £48.73° 0.16 + 0.16° 0.57 £ 0.21°
Radiotherapy + AMM 4.61 +0.58¢ 511.82 £ 47.79° 0.58 + 0.14f 00.76 + 00.11¢
Chemotherapy alone 4.19 £ 0.35° 484.21 £ 21.42° 0.48 £ 0.11° 0.92 + 0.14°
Chemotherapy + AMM 5.01 £ 0.59¢ 506.72 + 60.23 0.84 £ 0.11 0.97 £ 0.05

Values expressed as mean + SD. °P < 0.01 and P < 0.001Vs healthy subjects, P < 0.05, °P < 0.01 and P < 0.001 Vs patients undergone radiotherapy alone and 9P < 0.05 and
'P < 0.001 Vs patients undergone chemotherapy alone.
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Table 2: Effect of AMM supplementation on trace elements in levels in cancer patients.

Group Selenium Copper Zinc
(mg/ml) (ng/di) (ng/dl)
Healthy subjects 0.15 +0.04 111.38 + 11.07 86.56 + 4.22
Radiotherapy alone 0.11 £0.03 134.04 £ 16.12 71.25 +6.28
Radiotherapy + AMM 0.14 £ 0.02° 126.59 + 3.70 80.68 £ 4.57
Chemotherapy alone 0.10 £ 0.01 139.83 £ 15.00 74.08 + 3.52
Chemotherapy + AMM 0.13 +£0.02¢ 128.25 + 9.39 79.88 £ 4.00

Values expressed as mean + SD. P < 0.01 Vs patients undergone radiotherapy alone and P < 0.01 Vs patients undergone chemotherapy alone.

Trace elements

Table 2 shows the effect of AMM supplementation on
trace elements in cancer patients undergoing radio-
therapy or chemotherapy. Compared to the control
group, concentration of selenium and zinc was decreased
and concentration of copper was increased in both
radiotherapy chemotherapy receiving cancer
patients. Supplementation of AMM to the radiotherapy
or chemotherapy receiving cancer patients restored

and

the concentration of trace elements towards nor-
mal. It was observed that supplementation of AMM
to the radiotherapy or chemotherapy receiving cancer
patients increased the concentration of selenium and
zinc by 27-30% (P<0.01) and 7-13%, respectively, when
compared to the radiotherapy or chemotherapy receiving
non-AMM treated cancer patients. Interestingly, sup-
plementation of AMM to the radiotherapy or che-
motherapy receiving cancer patients increased the
concentration of copper by 5-8% when compared to
the radiotherapy or chemotherapy receiving non-AMM
treated cancer patients.

Effect of AMM on in vitro proliferation

Threatment with methotrexate showed dose dependent
cytotoxic effect in both A-375 human malignant mela-
noma cells and 1.-929 normal mouse fibroblast cells.
Where as treatment with AMM to the cell lines showed
cytotoxic effect in A-375 human malignant melanoma
cells even at lower concentration but it was not sup-
pressed the proliferation of L-929 normal mouse fibro-
blast cells (Figure 4). Thse results indicates that AMM
protect the normal mouse fibroblast cells and act as
cytotoxic in human malignant melanoma cells.

DISCUSSION

Present study showed that supplementation of AMM
well protected the cancer patients from radiotherapy
or chemotherapy-induced oxidative stress. Moreover,
AMM also attenuated cytotoxic effect in 1.-929 normal
mouse fibroblast cells and imparted suppression of cell
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Figure 4: Effect of AMM and methotrexate on in vitro
proliferation assay in normal mouse fibroblast cells and
melanoma cells.

proliferation in A-375 human malignant melanoma cells
even at a lower concentration.

As stated above radiation and chemotherapeutic agents
used to kill cancerous cells, produce a toxic effect on
normal tissues and organs due to the increased oxidative
stress in the patients." In present study, supple-
mentation of AMM to the cancer patients receiving
radiotherapy or chemotherapy drastically depleted
oxidative stress markers such as MDA and nitric oxide
by 16-20% and 25-41%, respectively. These results
indicate that AMM protects the patients from oxidative
stress-induced by radiation and chemotherapeutic
agents.

The decreased level of oxidative and nitrative stress
in the patients treated with AMM during radiotherapy
or chemotherapy may be due to the restoration of
antioxidant status in these patients. This is evident by 24
to 88% increased levels of serum total antioxidant in the
cancer patients.

Supplementation of AMM to the cancer patients
receiving radiotherapy or chemotherapy also improved
the endogenous antioxidant system in them. This

Indian Journal of Pharmaceutical Education and Research | Vol 54 | Issue 2 | Apr-Jun, 2020



Patil and More.: Effect of Antioxidants in Cancer Therapy

finding well supported by 18-20% of increased
concentration of SOD in radiotherapy or chemotherapy
underwent patients and 26.46% glutathione peroxidase
concentration in radiotherapy undergone patients.

In addition to endogenous antioxidant system supple-
mentation of AMM to the cancer patients also restored
the levels of exogenous antioxidants in them. Findings
of the present study showed that there is a substantially
increased levels of Vitamin C and Vitamin E in cancer
patients.

The increased levels of endogenous and exogenous
antioxidant may protect against radiotherapy or
chemotherapy-induced oxidative stress especially in
patients having impaired capacity to deal with an
oxidative insult.*

Literature survey reveals that cancer therapy depletes
essential trace element in patients especially selenium
and zinc."” The present study is in agreement with this
finding as it is evident by decreased concentration of
selenium and zinc in radiotherapy or chemotherapy
underwent patients. On the other hand, increased
concentration of copper is associated with various
cancers, the present study data supports this as increased
concentration of serum copper was found in the cancer
patients.” Interestingly, the outcome of trace elements
analysis showed that supplementation of AMM to
cancer patients increased the concentration of selenium
and zinc by 27-30% and 7-13%, respectively. On the
other hand supplementation of AMM to cancer patients
decreased the elevated copper concentration by 5-8%.
As mentioned above, radiation and some chemothera-
peutic agents used in cancer treatment generate ROS
and a high ROS level diminishes cellular antioxidant
capacity and cause cellular damage and necrosis of
malignant cells. So a concern has logically developed
as to whether exogenous antioxidant compounds taken
concurrently during chemotherapy could reduce the
beneficial effect of chemotherapy on malignant cells.*”
Several clinical trials have produced conflicting results
regarding the benefit of antioxidants in cancer therapy
thus questioning the incorporation of these substances
in standard treatment regimens.*” On the contrary
literature survey of recent review articles for exploring
the armoury of obscurity on concurrent use of anti-
oxidant during chemotherapy revelled that antioxidant
does not interfere with chemotherapy, they enhance
the cytotoxic effect of chemotherapy, they protect
normal tissue and increases patient survival and
therapeutic response.*

In the present study data also wells support the above
findings. The 7 vitro proliferation assay data suggests
that AMM have no cytotoxic effect on normal mouse

fibroblast cells as there is no decrease in the prolif-
eration in normal mouse fibroblast cells. But AMM
imparts suppression of cell proliferation in human
malignant melanoma cells even at a lower concentration.

CONCLUSION

In conclusion, present study data demonstrated that
use of antioxidants with multivitamin and mineral
supplementation during cancer therapy was found to be
beneficial as they minimize the burden of free reactive
radicals and restores the endogenous and exogenous
antioxidants and essential trace element levels towards
normal. There appears enough scope for further
studies with a larger population and selective agents in
support of supportive therapy in this area.
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SUMMARY

In this study, cancer patients were supplemented for
30 days with antioxidants with multivitamin and
mineral (AMM) along with radiotherapy and chemo-
therapy. Supplementation of AMM during cancer
therapy minimized the burden of free reactive radicals
and restored the endogenous and exogenous antioxi-
dant levels and essential trace elements. In addition,
AMM has no cytotoxic effect on 1.-929 normal mouse
fibroblast cell line. But AMM imparts suppression of
cell proliferation in A-375 human malignant melanoma
cell line. Supplementation of antioxidants with multi-
vitamin and mineral during cancer therapy was found
to be beneficial.
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