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Abstract. The chemopreventive activity of several plants derived materials have been well studied in the
recent years. Among them, Curcumin, the mostly investigated dietary phyto constituents have been
shown the protective effect in cardiac, renal and hepatic toxicity induced by doxorubicin in human. The
protective activity of any phytochemicals mainly depends on their antioxidant property. Thus, the present
study was conducted to examine the antioxidant property of laboratory extracted and pure commercial
curcumin and antimutagenic action of extracted and pure curcumin against the doxorubicin induced
mutagenesis in human leukocyte. To analyze the mutagenicity, parameter like micronucleus assay was
conducted in peripheral human leukocytes and to evaluate the antioxidant property, parameter like DPPH
free radical scavenging activity was performed. The study results demonstrated that, both the extracted
and pure form of curcumin (20ug/ml) induces micronucleus in human leukocytes in an insignificant
manner when compared with negative control. Doxorubicin induces significant amount of micronucleus
at two variable concentrations (0.50ug/ml and 0.25ug/ml). The micronucleus induction was reduced in
human leukocytes pretreated by curcumin for 48 hours in both the concentrations of doxorubucin. Pure as
well as extracted Curcumin has been shown strong free radical scavenging activity in a similar pattern as
concentration dependant manner. The study reveals that curcumin has antimutagenic potential against
chemotherapeutic agent like doxorubicin induced micronucleus in human leukocytes. In addition, it
showed strong free radical scavenging activity by DPPH method by both extracted and pure form.
Keywords: curcumin, micronucleus assay, doxorubicin, antioxidant property, DPPH method, peripheral
leukocyte

Introduction

Doxorubicin sold with trade name Adriamycin, is an antineoplastic drug in the
anthracycline class and most of this compound has been isolated from natural sources
like cultures of Streptomyces peucetius. Interaction with DNA in a various ways
including intercalation, DNA strand breakage and inhibition with the enzyme
topoisomerase Il are the general properties of drugs belonging in this class (Thorn et al.,
2011; Arcamone et al., 2000). The toxicity of this particular drug has been produced by
the lacking of specific antibiotics against particular microorganism. Among the
available antitumor drugs in anthracycline groups, doxorubicin, one of the important
members of this group, is widely used throughout the world for treating solid tumors
though the drug administration shows severe side effects (Mordente et al., 2009). To
overcome this problem, researcher sometimes prefer to use some alternative therapy or
follow some dietary ingredients as there is no such recommended drugs for the
reduction of the side effect of this particular lifesaving drug. The chemopreventive and
protective activity of several plants derived materials have been well studied in the

QUANTUM JOURNAL OF MEDICAL AND HEALTH SCIENCES 2(2): 39-50.
eISSN: 2785-8243
www.gjmhs.com



De and Mukhopadhyay: In vitro antioxidant and antimutagenic activity
of curcunnin againts potent chemotherapeutic agent doxorubicin.
- 40 -

recent years. Among them, the mostly investigated dietary phyto constituent is
Curcumin, the major component of Turmeric. Curcuma longa commonly known as
turmeric belongs to the Zingiberaceae family is a rhizomatous herbaceous perennial
plant native to tropical South Asia. Since thousands of years Eastern medicine has used
curcumin, the major component of turmeric, for a wide range of health benefits, but
only in recent times has its biological action been understood (Gupta et al., 2013; Goel
et al., 2008).

A wealth of scientific data shows curcumin has powerful anti-inflammatory, anti-
tumor, antioxidant (Duke 2007; Kotwal and Lahiri, 2005) and antiangiogenic
(Kunnumakkara et al., 2008) properties. The molecular analysis revealed the
modulatory effects of curcumin in various cell cycle proteins, signal transducing kinase
and transcription factors like NF-kB, AP-1 and TNF-a. It also enhances the expression
of tumor suppressor proteins like p53, cell cycle inhibitors like p21 and p27 and induces
apoptosis of cancer cells (Zoubkova et al., 2015; Aggarwal and Shishodia, 2006; Singh
and Agarwal, 2006; Singh and Khar, 2006; Smerak et al., 2006). Curcumin exerts
protective effect of doxorubicin induced myocardial toxicity (Swamy et al., 2012) and
chemotherapy induced hepatotoxicity, neurotoxicity, cardiotoxicity, nephrotoxicity and
genotoxicity (Liu et al., 2018). The protective effect of curcumin against radio iodine
(Shafaghati et al., 2014) and anticlastogenic effect of curcumin against
chemotherapeutic agent like mitomycin C (De and Mukhopadhyay, 2019) in human
leukocytes was also observed previously. The clinical significance of curcumin has also
been reported in many times where it played an important role in prevention and
management of disease like Alzheimer’s (Chen et al., 2018), diabetes, hypertension,
malaria, arthritis and respiratory disorder (Rahmani et al., 2018). In Addition, different
toxicity studies revealed that it is quite safe even when administered in high doses
(Hewlings and Kalman, 2017; Lao et al., 2006) and as per EFSA (European Food Safety
Authority) and JECFA (The Joint United Nations and World Health Organization
Expert Committee on Food Additives), the Allowable Daily Intake (ADI) value of
curcumin is 0-3 mg/kg body weight in human (Kocaadam and Sanlier, 2017).

In this present scenario, the study of mutagenic effect of doxorubicin in human
leukocytes and comparative antimutagenic action of laboratory extracted and pure
commercial curcumin against doxorubicin is the purpose of our present work as there
was no such reported work where curcumin has been used to ameliorate the toxicity
induced by doxorubicin, selecting micronucleus in human leukocyte as a parameter of
mutagenicity. As the protective effects of any phytochemical mainly depend on its
antioxidant properties, several study reports have been shown the antioxidant and free
radical scavenging properties of curcumin by using different in vitro and ex vivo models
and the researchers indicated the use of curcumin in the pharmacological field along
with the food industry with great prospects (Bora et al., 2013; Ak and Gilgin, 2008).
Thus the comparative antioxidant property of laboratory extracted and pure commercial
curcumin was also evaluated in our present work.

Materials and Methods
Collection of samples

All the rhizomse of turmeric (Curcuma longa) were collected from local markets of
Kolkata, India, during the month of February to March and all the plant parts were
properly identified by the macro morphological characters and qualitative microscopic
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method by Professor and Head, Department of Biotechnology, Institute of Genetic
Engineering, Kolkata 128, West Bengal, India. After the collection and identification of
plant species, the rhizomes were air dried, labeled and kept for the further use.

Chemicals

Pure curcumin was purchased from Himedia (RM1449-5G, CAS No- 458-37-7),
Adriamycin, the anti-cancer drug with Doxorubicin HCL in 2mg/ml concentration was
collected from local pharmacy (NDC 67457-394-00, 10ml vial, Mylan). All other
chemicals and reagents used were of analytical grade supplied by Sarada Glass and
Chemical, Dixon lane, Entally, Kolkata-700014, the authorized dealer of Sigma- Alrich,
Merk, Loba chemicals. Central Drug House (P) Ltd. (CDH), Himedia, Sisco Research
Laboratories (SRL) Pvt Ltd chemicals.

Extraction of circimin

All the dried samples of turmeric rhizome were washed twice through running tap
water and distilled water respectively, cut into small pieces and finally air dried. After
thorough drying, the samples were blended to fine powder, poured into dry sterile
container, labeled properly and stored in room temperature for further use. 2 g (gram)
dried powder were added to 60 ml of hexane (Product code-31668, SRL, Chemicals) in
each pre-labeled conical flasks and the opening of the flask was sealed properly. The
mixtures were kept in the BOD (Biological Oxygen Demand, Lab-Scan Instrument,
India) shaker incubator at 300C temperature in 120 rpm (Rotation Per Minute) for six
hours and were filtered through Whatman filter no. 1 (2274852, Sigma-Aldrich). The
filtrate was stored into an air tight bottle. This experiment was done thrice and the
concentration of the filtrate was kept in the same bottle and the absorbance was
measured using UV Vis spectrophotometer (BIO-RAD) at 425nm (Nanometre).
Curcumin content g/100g was measured using the following formula Eq. (1) (Bagchi,
2012):

0/10g Curcumin = (0.0025x Abs at 425nm x V x DF x 100)
(0.42 x weight of sample x 1000) Eq. (1)

Where; Abs is absorbance; V is volume made up; DF is dilution factor; and 1. 0.42
absorbance at 425 nm=0.0025g Curcumin.

Preparation of pure and extracted curcumin solution

All the filtrate collected by the solvent extraction method was evaporated by rotator
evaporator. After complete evaporation, the end product yellow colored material was
extracted curcumin. Then the extract was weighted and dissolves in ethanol to make a
concentration of 1mg/ml final stock solution. Pure or commercial curcumin was
dissolves in ethanol and makes a final 1mg/ml stock solution for study.

Characterization of extracted curcumin

Characterization of curcumin was done after Pawar et al. (2014) TLC (Thin Layer
Chromatography) of the extracted curcumin was performed on pre-coated silica gel
plates which act as Stationary Phase. Mixture of n-hexane and ethyl acetate in the ratio
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of 7:3 used as solvent or Mobile Phase. Commercial Curcumin was used as standard.
Detection was done by spraying the plate with vanillin-sulphuric acid mixture. The
retention factor (RF) values for the separated spots were calculated and compared with
RF value of pure curcumin and reported values in the literature.

Antioxidant assay by free radical scavenging activity of DPPH

The percentage of Free radical scavenging activity (%) of pure or commercial and
extracted curcumin was assessed by DPPH (2,2-diphenyl-1-picrylhydrazyl, Cas No-
1898-66-4, Himedia) assay using ascorbic acid (CAS: 50-81-7, CDH) as reference. The
measurement of the DPPH radical scavenging activity was performed according to
methodology described by Brand-Williams et al. (1995). The samples were reacted with
the stable DPPH radical in an ethanol solution. The reaction mixture consisted of adding
0.5 mL of test sample, 3 mL of absolute ethanol and 0.3 mL of DPPH radical solution
0.5 mM in ethanol. The mixture of ethanol (3.3 mL) and sample (0.5 mL) served as
blank. The control solution was prepared by mixing ethanol (3.5 mL) and DPPH radical
solution (0.3 mL). The scavenging activity percentage (%) was determined according to
Mensor et al. (2001).

Collection of blood sample for lymphocyte culture

Whole blood samples were collected by venepuncture in heparinized vials (Glass
transparent BD vacutainer Lithium heparin Tubes -4ml) for micronucleus assay.
Peripheral venous blood was obtained from four healthy unrelated donors with no
recent history of smoking, consumption of alcohol, drug therapy and exposure to
mutagens with mean age of 252 years under sterile conditions. Informed consent was
obtained from all donors and the study was approved by institutional ethical committee
of Institute of Genetic Engineering (IGE/02/2019/0011).

Micronucleus assay

Micronucleus assay was done after modification of Fenech et al. (2003). 68 hours
PHA (Phytohemaglutinin) stimulated leukocyte cultures were established from
peripheral blood specimens contained RPMI-1640 media (Catelog No- R8758-100ml,
Sigma), 15% fetal calf serum (Sigma), 1% PHA (M- form, Catalog No- 10576015,
Gibco), 100 Ul of penicillin and 100 pg/ml streptomycin (Sigma) with extracted and
pure curcumin 100 ul (20pug/ml) from both the extracted and commercial stock solution.
The concentration of curcumin was chosen based on result obtained in pilot experiment
(Data not shown). Twenty-four hours prior to harvest, doxorubicin was added in final
concentrations of 0.5 pg/ml and 0.25 pg/ml culture medium in replicate cultures. Only
vehicle was taken as a negative control. Colchicines (Gibco, 15212-012) was added
prior 2 hours of harvesting and cells were collected and treated with a mild hypotonic
treatment and fixed with a mixture of methanol/glacial acetic acid (SRL)(Fenechet al.,
2003; Minissi et al., 1999). The slides were prepared; air dried and then stained using
conventional Giemsa staining (Sigma). In accordance with standard criteria, MN
analysis was performed on coded slides by scoring 1000 lymphocytes for each subject
under microscope (Olympus). The scoring has been done under 40X and the photograph
has been taken in 100X magnification.

Statistical analysis
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The results were expressed as Mean+SE (Standard Error) and analysis was carried
out by One-way ANOVA (Analysis of Variance). P (Level of Significance)<0.05 was
considered significant. To confirm the differences occurred between groups, Tukey’s
HSD (Honest Significant Differences) test was performed.

Results and Discussion
Extraction of curcumin

In the present study the curcumin was extracted by solvent extraction method and the
concentration of curcumin was determined by spectro-photometric method which has
been shown in Table 1. The average concentration of extracted curcumin was found
0.1663g/100g of turmeric rhizome.

Table 1. Concentration of curcumin (in g/100g of turmeric).

Experiment Curcumin content (g/100g)
1 0.168
2 0.166
3 0.165
Average 0.1663

Characterization of extracted curcumin by TLC method

The extracted and commercial curcumin gives similar types of picks in the TLC
plates. The Rf (Retention Factor) value obtained for the extracted Curcumin was similar
with standard commercial curcumin which confirmed the identity of Extracted
curcumin.

Free radical scavenging activity by DPPH assay

In the present study, three different concentrations of extracted and pure curcumin
were taken from the stock solution for DPPH scavenging assay. The three different
experimental concentrations of both the extracted and pure commercial curcumin have
been shown good amount of free radical scavenging activity where pure curcumin has
been shown slightly greater free radical scavenging activity in all the three experimental
concentrations. The detailed results were depicted in Table 2. The graphical
representation of DPPH scavenging property of Extracted and Pure Curcumin was
represented in Figure 1.

Table 2. Free radical scavenging activity of extracted and pure curcumin by DPPH assay
method.

Sample Concentration (in pl) Free radical scavenging activity (in %)
Extracted curcumin stock solution 50 48.14+3.03
100 53.26+1.04
200 62.31+3.09
Pure curcumin stock solution 50 49.24+2.07
100 60.31+2.03
200 72.58+3.02

Notes: + means standard error (N=3)
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Figure 1.Free radical scavenging activity of extracted and pure curcumin by DPPH assay
method.

Micronucleus assay

The Micronucleus Assay indicated that both extracted and pure curcumin were
capable of reducing the micronucleus induction induced by Doxorubicin. The extracted
curcumin showed the ameliorative property of micronucleus induction almost similar to
pure curcumin. When extracted and pure curcumin were tested separately, a non-
significant increase in the frequency of micronucleus induction was observed in human
peripheral blood culture. Doxorubicin showed high number of micronucleus induction
in human peripheral leukocytes whereas (Figure 2), extracted and pure curcumin both
prevented micronucleus induction to some extent as revealed from decreased frequency
in micronucleus induction. The result of micronucleus assay was summarized in Table
3. The graphical representation shows the effect of pure and extracted curcumin on
micronucleus induction induced by doxorubicin in Figure 3.

Table 3. Effect of pure and extracted curcumin on micronucleus induce by doxorubicin.

Group no. Experimental group (in pg/ml) Induction of micronucleus

1 Doxorubicin (0.50) 0.42+0.03°

2 Doxirubicin (0.23) 0.40%0.02"

3 Doxorubicin (0.50) + PCS (20) 0.21%0.04%°
4 Doxorubicin (0.25) + PCS (20) 0.22+0.06°
5 Doxorubicin (0.50) + ECS (20) 0.26+0.06%*
6 Doxorubicin (0.25) + ECS (20) 0.24+0.03%f
7 PCS (20) 0.07+0.02%%f
8 ECS (20) 0.09+0.02%%
9 (-)ve control 0.08+0.01°%

Notes: PCS=pure curcumin solution; ECS=extracted curcumin solution; £ mean standard
error where N=3; a p<0.05=group 1 significantly different from the group 3,4,5,6 after
Turkey’s HSD Post Hoc Test; b p<0.05=group 2 significantly different from the group
3,4,5,6 after Turkey’s HSD Post Hoc Test; ¢ p<0.05=group 3 significantly different from the
group 7,8,9 after Turkey’s HSD Post Hoc Test; d p<0.05=group 4 significantly different
from the group 7,8,9 after Turkey’s HSD Post Hoc Test; e p<0.05=group 5 significantly
different from the group 7,8,9 after Turkey’s HSD Post Hoc Test; f p<0.05=group 6
significantly different from the group 7,8,9 after Turkey’s HSD Post Hoc Test; p=0.05.
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Figure 2. Cell showing micronucleus induction by doxorubicin (a-b).
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Figure 3. The effect of pure and extracted curcumin on micronucleus induction by
doxorubicin.

Result of statistical analysis

The statistical analysis result indicated significant effect of micronucleus induction in
case of doxorubicin treatment against control one where as both pure and extracted
curcumin individually showed almost similar frequency of micronucleus induction
against negative control and between themselves. The result of Tukey’s HSD post hoc
test revealed that, there was no significance difference between any two groups when
Pure Curcumin Solution (PCS) and Extracted Curcumin Solution (ECS) was compared
with negative control (p=0.05). Doxorubicin shows significant difference in
micronucleus induction when treated with both pure and extracted curcumin. There was
also significant difference in micronucleus induction in doxorubicin-curcumin
combined groups with pure and extracted curcumin treated groups as well as negative
control.

In the present study, the ameliorative properties of curcumin from the induction of
micronucleus both in pure or commercial form and extracted form were evaluated
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against a known anti neoplastic and chemotherapeutic agent doxorubicin. The incidence
of micronucleus formation in the current study was not significant when pure or
commercial curcumin and extracted curcumin was used alone. The induction rate of
micronucleus of pure or commercial curcumin was 0.07% and extracted curcumin was
0.09% which showed almost similar frequency of micronucleus induction against
negative control (0.08%). The result proved that they did not induce significant amount
micro nucleated cells in comparison to negative control. This experiment indicated their
non-mutagenic nature which had been proved by different researcher previously by
using different parameters and different model system (Ragunathan and Panneerselvam,
2007; Nagabhushan and Bhide, 1986). Doxorubicin has the mutagenic potential as it
induced micronucleus in leukocytes in both the concentrations used in a significant
manner. In the experiment 0.50pg/ml doxorubicin induces micronucleus in human
leukocytes as 0.42% where 0.25ug/ml doxorubicin induced 0.40%. The pure or
commercial and extracted curcumin were kept constant concentration (20pg/ml) against
variable doxorubicin concentration, where curcumin shows good antagonistic property
against doxorubicin. The pure or commercial curcumin reduced the micronucleus
induction 50% and 45% against two variable concentrations of doxorubicin (0.50ug/ml,
0.25pg/ml) respectively and the extracted curcumin reduced the same as 38% and 40%
folds and this result shows strong resemblance with several reported studies. The
literature review revealed that curcumin reduced the induction of micronucleus upto
52% in human culture leukocyte cells against radioiodine (Shafaghati et al., 2014) and it
also restore the doxorubicin mediated impairment of different organs like heart, kidney,
reproductive organs, liver, brain in a similar fashion (Liu et al., 2018). As doxorubicin
was known as aneugenic and clastogenic agent, (Dhawan et al., 2003) use of positive
control was omitted whereas the negative control used was the vehicle for all the
compounds used. The MN or micronucleus assay is taken as a sensitive indicator or
cytogenetic biomarker for monitoring mutagenicity of different chemicals or drugs as
the test procedure recommended in the Committee on Mutagenicity Guidelines of the
Department of Health, UK (Committee on Mutagenicity of Chemicals in Food,
Consumer Products and the Environment, 2000).

Literature review revealed that, Doxorubicin can act within the neoplastic cells in
two different pathways. In the cytosol, Doxorubicin converted to a very unstable
metabolite semiquinone after oxidation in their metabolic pathway. The unstable
semiquinone again converted back to the doxorubicin. At this process huge amount of
reactive oxygen species are released which can trigger apoptotic pathway of cellular
death by combinatorial effects of several processes like lipid peroxidation, DNA
damage, membrane damage and oxidative stress (Doroshow et al., 1986). Genes capable
for oxidation reactions such as NADH dehydrogenases, nitric oxide synthases, xanthine
oxidase and genes capable for deactivating the free radicals such as glutathione
peroxidase, catalase, and superoxide dismutase are the main modulatory candidate
genes of this pathway (Fogli et al., 2004; Pawlowska et al., 2003). Secondly, after
entering the nucleus, Doxorubicin damage DNA and can cause cellular death by
poisoning Topoisomerase Il. Genes capable for DNA repair and capable to control cell
cycle act as candidate genes in this pathway (Oakman et al., 2009; Gewirtz, 1999;
Tewey et al., 1984). According to Denard et al. (2011), Doxorubicin interrupts the
cellular replication by cleaving a transcription factor named CREB3L1 by stimulating
the production of ceramide molecule. CREB3L1 is a transmembrane protein residing in
the endoplasmic reticulum. After the cleavage of this protein, the cytosolic NH2-
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terminal domain travels to the nucleus and drives the transcription genes that suppress
the cell cycle (Denard et al., 2012; 2011).

Chemotherapy most effectively kills continuous proliferating cell. Unfortunately, a
chemotherapeutic agent does not know the difference between cancer cells and the
normal cells. During the renewal process, the normal cells will grow back and be
healthy but, in the meantime, side effects occur. The commonly affected non
proliferating cells by chemotherapy are the blood cells, the cells in the mouth, stomach
and bowel, and the hair follicles; resulting in low blood counts, mouth sores, nausea,
diarrhea, and/or hair loss (Tobis and Hochhauser, 2014; Skeel and Khleif, 2011). To
overcome these side effects, nutritionist or medical practitioners sometimes prefer to
prescribe some dietary supplements for better results. The relationship between a
mutagen or clastogen and diet led us believe that most lifestyle diseases like cancer and
many more are preventable. A considerable emphasis also has been laid down on the
use of herbal constituents to prevent the toxicity of mutagen mainly due to their
antioxidant properties (Saleem and Al-Attar, 2013). The antioxidant molecules help to
counter act the different endogenously produced free radicals and reactive oxygen
species lead to minimize the harmful effect of causative or free radical producing agent
(Birben et al., 2012). Free radical scavenging activity by DPPH Assay method showed
that both pure and extracted curcumin has significant Free radical scavenging activity in
a concentration dependant manner. The highest concentration (200 pl) of pure curcumin
has been shown 72.58+3.02% of free radical scavenging activity while the same
concentration (200 pul) of extracted curcumin has been shown 62.31+3.09%. In
comparison to pure or commercial curcumin with extracted curcumin, pure form has
comparatively greater Free radical scavenging activity. So, scavenging these free
radicals may also help to increase the anti-mutagenic effect of this phyto-constituent.
This study was carried out to check the anti-mutagenic profile of both pure and
extracted curcumin whether the said herbal compound has a positive response in
preventing micronucleus formation by anti-neoplastic drug like Doxorubicin. The
underlying mechanism requires detail attention as it showed promising inhibitory action
against a world-wide pollutant and carcinogen.

Conclusion

In conclusion the anti-mutagenic potential of pure or commercial curcumin and
extracted curcumin from dried turmeric rhizome, both of the materials were evaluated
against a known anti-neoplastic drug doxorubicin. The study reveals that both the pure
and extracted curcumin has antimutagenic potential against doxorubicin induced
micronucleus in human leukocytes. In addition, pure curcumin showed more than 70%
while extracted curcumin showed more than 60% free radical scavenging activity by
DPPH method in their highest experimental concentration. The antimutagenic potential
of 20ug/ml curcumin is effective in both 0.50ug/ml and 0.25ug/ml concentrations of
doxorubicin in human leukocytes and curcumin ameliorate the toxic effect of
doxorubicin up to 50%. The study indicated that curcumin the key constituent of
turmeric, widely taken as an accessory food material or colouring agent, has the
potentiality to protect cellular damage in vitro. Curcumin, a major component of
turmeric does not show any mutagenic activity itself, though it possesses a good
antioxidant activity. It can be proven that; curcumin or turmeric can be used as a
protective food accessory against several mutagenic agents like doxorubicin.
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