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Abstract Amajor drawback with cancer chemother-

apy is its severe toxic effects on non-target tissues.

Assessment of natural products for their protective

effect against anticancer drugs-induced toxicity is

gaining importance in cancer biology. The present

study was aimed at assessing the protective effect of

hydroethanolic extract of Indian propolis (HEIP)

against mitomycin C (MMC)-induced genotoxicity

and cytotoxicity. Swiss albino mice were injected

with various doses of HEIP (100, 200, 300, 400, 600

and 800 mg/kg b. wt., i.p) 1 h prior to MMC (8 mg/

kg, i.p.) injection. The geno- and cyto-toxicities were

evaluated in mice by performing bone marrow

micronucleus and TUNEL assays. In vitro antioxi-

dant and lipid peroxidation inhibitory assays were

carried out to understand the mechanism of the

protective effects. The significant increase in the

frequency of micronculeated cells (12.51 ± 0.48),

apoptotic cells (23.43 ± 1.86) and reduction in P/N

ratio (0.69 ± 0.04) compared with control indicated

the potential geno- and cytotoxic effects of MMC in

bone marrow. Pretreatment with HEIP resulted in

the significant recovery of the toxic effects induced

by MMC. HEIP at 400 mg/kg b. wt. was found

to be the optimum dose imparting the maximum

protective effects. The in vitro antioxidant and

lipid peroxidation inhibitory assays suggest that the

extract possesses substantial free radical scavenging

activities. In conclusion, HEIP possesses substantial

geno- and cyto-protective properties against MMC,

which could be mediated through efficient free

radical scavenging and inhibitory effect on lipid

peroxidation.

Keywords Genotoxicity � Micronucleus �
Apoptosis � Antioxidant activity

Introduction

Chemotherapy is still an inevitable treatment modality

for cancer patients, although some advancements have

been achieved in the treatment strategies. Unfortu-

nately, patients have to experience severe side effects

since many of the anticancer drugs induce genotox-

icity and cytotoxicity in healthy cells. Mitomycin C

(MMC), an aziridine-containing agent derived from
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Streptomyces caespitosus or S. lavendulae, is used as a

chemotherapeutic agent for esophageal carcinoma,

breast cancer, bladder tumors, gastric, cervical, and

pancreatic adenocarcinoma (Crooke and Bradner

1976). MMC also has its therapeutic application in

glaucoma and strabismus surgeries (Iwao et al. 2014).

The drug acts by two mechanisms, namely bio-

reductive alkylation and generation of free radicals

such as superoxide and hydroxyl radicals through its

metabolic activation (Dorr et al. 1985; Dusre et al.

1989). The major side effects of MMC are bone

marrow depression, lung fibrosis and renal damage

(Crooke and Bradner 1976). Considering the thera-

peutic usefulness of MMC it is of practical relevance

to find out the possible strategy to prevent/minimize its

toxic effects to non-target tissues/cells. In this context,

explorations of new beneficial properties and scientific

validation of natural products used in the traditional

medicinal systems are gaining research attention in the

recent years.

Propolis, a resinous mixture composed of various

plant products collected by honey bees to con-

struct the hive, is known for certain medicinal

values (Kimoto et al. 1999). Earlier studies have

ascertained that propolis extracts possess antimicro-

bial (Astani et al. 2013), anticancer (Watanabe

et al. 2011), immunomodulatory, anti-inflammatory

(Bolfa et al. 2013) and radioprotective activities

(Benkovic et al. 2009). It is enriched with potent

antioxidant molecules, including flavonoids and

polyphenols (Kurek-Górecka et al. 2013; Pellati

et al. 2013; Piccinelli et al. 2013). Therefore, it may

have the beneficial role in preventing the normal

tissue from MMC induced genotoxicity. Propolis

extracts have been evaluated for their genoprotec-

tive effect against certain xenobiotics (Fu et al.

2004; Benguedouar et al. 2008; Abdulrhman et al.

2012; Rizk et al. 2014). However, the possible

protective effect of propolis extracts against the

potent genotoxic agent MMC has not been explored.

Further, propolis collected from different geograph-

ical regions varies in their chemical/antioxidant

composition (Piccinelli et al. 2013). In this context,

the present study was undertaken to assess the

protective role of hydroethanolic extract of Indian

propolis (HEIP) against MMC-induced geno- and

cytotoxic effects in bone marrow using Swiss albino

mice as the experimental model.

Methods

Chemicals

Mitomycin C (C15H18N4O5; CAS RN 50-07-7), man-

ufactured and marketed by Kyowa, Biochem Pharma-

ceutical Industries Limited (Mumbai, India) was used

as the genotoxic agent. Linoleic acid and trolox (6-

hydroxy-2,5,7,8-tetramethylchroman 2- carboxylic

acid) were purchased from HiMedia Laboratories Pvt.

Ltd. (Mumbai, India). 2,20-azobis-(2-amidinopropane)

dihydrochloride (AAPH) was procured from Sigma-

Aldrich Inc. (St. Louis, MO, USA). All other chemicals

and reagents were obtained from Merck India (Delhi,

India) and SRL India (Maharashtra, India).

Mitomycin C (MMC)

The MMC powder was reconstituted with sterile

phosphate-buffered saline (PBS, pH- 7.4) to obtain a

concentration of 1 mg/mL.

Hydroethanolic extract of propolis (HEIP)

After complete separation of honey from the locally

collected bee hive, the resinous material was chopped

into small pieces and enclosed in Whatman filter

paper. Cold extraction of propolis was performed at

room temperature by immersing the bee hive in freshly

prepared 50 % ethanol for 48 h. The extract thus

collected was filtered using cotton bed, concentrated in

rotary evaporator and freeze dried by lyophilization.

The final extract was protected from light and stored at

4 �C till its use. Each time, fresh HEIP solution was

prepared by dissolving the lyophilized extract in PBS

(pH-7.4) just before the treatment.

Animal model

Male Swiss albino mice were obtained from the

Central Animal Research Facility (Kasturba Medical

College, Manipal University, Manipal, India). Mice

were housed under standard animal husbandry condi-

tions (temperature: 23 ± 2 �C, humidity: 55 ± 5 %)

and allowed access to standard commercial diet and

acidified tap water ad libitum. Prior approval (IAEC/

KMC/80/2013) was obtained from the Institutional

Animal Ethics Committee for the present study.
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Dose and treatment schedule

Male Swiss albino mice (8 weeks old, body weight

30 ± 2 g) were divided into 4 groups of 6 animals

each and were treated as follows.

• Control: Phosphate buffered saline (i.p)

• MMC alone: 8 mg/kg b. wt. (i.p)

• HEIP alone: HEIP at 100, 200, 300, 400, 600 and

800 mg/kg b. wt (i.p)

• HEIP ? MMC: Injected with various doses (100,

200, 300, 400, 600 and 800 mg/kg) of HEIP (i.p),

followed by i.p. injection of MMC at 8 mg/kg b.

wt. 1 h later

Micronucleus (MN) assay

The mice were sacrificed at 24 h after various treatments

andmagnitude of the chromosomal damagewas assessed

by determining the frequency of micronucleated cells in

bone marrow as described by Jagetia and Reddy (2002)

with minor modifications. Briefly, bone marrow from

tibia and femurwasflushedwith PBS (pH-6.9) to obtain a

fine cell suspension. The cell suspension was centrifuged

at 1000 rpm for 10 min. A part of the suspension was

subjected to hypotonic treatment with 0.56 % of KCl for

2 min followed by centrifugation at 1000 rpm for 4 min.

Thepellet obtained after decanting the supernatant liquid,

wasfixed inCarnoy’sfixative (Methanol:acetic acid::3:1)

and incubated at 4 �C for 30 min. The cell suspension

was centrifuged again and mixed with freshly prepared

Carnoy’s fixative. After processing, a thin layer of bone

marrow suspension wasmade on the chilledmicroscopic

slides. The slides were air dried at room temperature and

coded to avoid any observer bias. Smears were stained

with Acridine orange solution (0.002 %) in Sorenson’s

buffer (pH 6.8) for 2 min followed by washing in

Sorenson’s buffer to remove any non-specific staining. A

total of 2000 cells per animal were scored under

fluorescence microscope (Zeiss, Oberkochen, Germany)

to assess the frequency ofmicronucleated cells (MacGre-

gor et al. 1987) and thedatawere expressed inpercentage.

Polychromatic erythrocyte (PCE)

and normochromatic erythrocytes (NCE) ratio

(P/N ratio)

The remaining part of the bone marrow was gently

dispersed in a test tube containing 2 mL of fetal calf

serum (FCS) to achieve a fine single cell suspension.

The cells were centrifuged at 1000 rpm for 10 min and

the resultant pellet was resuspended in a drop of FCS.

Smears were prepared on the clean slides, and air

dried. After 24 h, slides were stained with May-

Grunwald/Giemsa as described by Schmid (1975). In

order to determine the cytotoxicity, PCE/NCE (P/N)

ratio was determined by scoring 2000 polychromatic

erythrocytes (PCE) and corresponding normochro-

matic erythrocytes (NCE).

TUNEL assay

The bone marrow cells were flushed in PBS with

0.1 % BSA and centrifuged at 1000 rpm for 10 min.

The cells were then fixed on a clean glass slide using

4 % paraformaldehyde (PFA) at 4 �C for 20 min.

Cells were washed in PBS and incubated with

permeabilization buffer (0.5 % Triton X-100 and

0.1 % sodium citrate in PBS with 0.1 % BSA) at

room temperature for 1 h. After washing with PBS

containing 0.1 % BSA (3 9 5 min), the cells were

incubated with TUNEL mixture (TUNEL reaction

mixture: labeling solution = 1:20) for 1 h at 37 �C.
The cells were then washed in PBS (3 9 5 min),

counterstained with DAPI (4 lg/ml) and observed

under fluorescence microscope (Imager-A1, Zeiss). A

total of 1000 cells was scored for the frequency of

TUNEL positive cells and values were expressed as

percentage of apoptotic cells.

Screening of antioxidant/free radical scavenging

activity

DPPH free radical scavenging activity

Radical scavenging (hydrogen donating) ability of

HEIP was determined using the stable a,a-diphenyl-b-
picrylhydrazyl (DPPH) radical as described by Brand-

Williams et al. (1995) with minor modifications (Yoo

et al. 2008). A series of test tubes containing blank,

standards (S1–S2) and tests (T1–T2) were added with

ascorbic acid and HEIP, respectively, in a concentra-

tion ranging from 5, 10, 25, 50 and 75 lg/mL. Volume

in all test tubes was made up to 2.0 mL with distilled

water. One mL of DPPH (0.4 mg/mL) was then added

to all test tubes and the tubes were mixed well with the

help of cyclomixer. These solution mixtures were

incubated at 37 �C for 30 min in dark. Optical density
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(OD) was measured at 520 nm using Double beam

UV–Vis spectrophotometer.

The ability of the extract and positive control to

scavenge DPPH free radical was calculated using the

formula: Radical scavenging rate (%) = [1 - (A1

- A2)/A0] 9 100, where A0 is the absorbance of the

control (without sample) and A1 is the absorbance in

the presence of the sample, A2 is the absorbance of

sample without DPPH radical.

Evaluation of total antioxidant activity (TAA)

The TAA of HEIP extract was evaluated by method

described by Prieto et al. (1999), which is based on the

principle of reduction of molybdenum (Mo) (VI) to

Mo (V) giving rise to phosphomolybdenum complex.

Briefly, 1.0 ml of freshly prepared reagent (0.6 M

sulfuric acid, 28 mM sodium phosphate and 4 mM

ammonium molybdate) was added to a series of test

tubes containing blank, standards (S1–S5) and tests

(T1–T5). The standards and tests were added with

ascorbic acid and HEIP, respectively, at concentra-

tions ranging from 5, 10, 25, 50, 75 and 100 lg/mL.

The tubes were capped and incubated in a boiling

water bath at 95 �C for 90 min. After the samples were

cooled to room temperature, the absorbance was

measured at 695 nm against the blank using UV–

visible spectrophotometer. The total antioxidant activ-

ity was expressed as percentage activity by using

the formula, percentage of antioxidant activity =

A(s) - A(b)/A(b) 9 100, where A(s) is Absorbance

of the sample and A(b) is the Absorbance of the blank.

Calibration curve was constructed taking % of inhi-

bition on Y axis against concentration gradient and

EC50 was determined and expressed as lg/mL.

Ferric reducing antioxidant power (FRAP) assay

Ability of the HEIP to reduce ferric ions was

determined following the method described by Benzie

and Strain (1996) with minor modifications. Briefly,

2.7 mL of FRAP reagent [300 mM acetate buffer (pH

3.6), 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) in

40 mM hydrochloric acid and 20 mM ferric chloride

were mixed in ratio of 10:1:1] in a series of test tubes

(Blank, S1–S2 and T1–T2). Calibration curve was

constructed for the standard (ascorbic acid) and test

sample (HEIP) in a concentration range of 20, 40, 60

80, 100 and 120 lg/mL. Test tubes were incubated in a

water bath for 30 min at 37 �C and the absorbance of

the samples was determined against blank at 593 nm.

The effective concentrations (EC50) for the standard

and HEIP were determined from the calibration graph

providing 0.5 of absorbance at 593 nm. The assay was

carried out in triplicate and the values obtained were

expressed as mg/mL ± standard deviation.

Lipid peroxidation inhibitory activity

Lipid peroxidation inhibitory activity of the HEIP

was determined by employing the method of Liegeois

et al. (2000). Briefly, the lipid peroxidation of linoleic

acid was induced by water soluble azo compound

2,20-azobis(2-amidinopropane) dihydrochloride

which acts as alkylperoxy free radicals (AAPH).

Freshly prepared aqueous solution (30 lL) of 16 mM

linoleic acid was added to the test tubes. The

peroxidation reaction was initiated at 37 �C under

air by adding 150 lL of 40 mMAAPH solution (in the

absence of free radical, the rate of spontaneous

oxidation in the air at 37 �C is considered negligible).

Effect of HEIP on the oxidation of linoleic acid by

AAPH was carried out by adding the same in the

concentration range of 10, 100, 200, 500 and 1000 lg/
mL. The final volume in each test was made up to

2.8 mL by adding 0.05 mM phosphate buffer (pH

7.4). The experiment was also performed for the trolox

solution (10, 100, 200, 500 and 1000 lg/mL) taken as

the reference standard. Rate of the production of

conjugated diene hydroperoxide by oxidation of

linoleic acid incubated at 37 �C for 10 min was

monitored by measuring the OD at 234 nm in

UV–visible spectrophotometer. The percentage inhi-

bition of lipid peroxidation was calculated by the

following formula: Percentage of Inhibition (%) =

(C–T) 7 C 9 100, where C is the absorbance of the

control reaction and T is the absorbance in the

presence of the samples (HEIP/trolox).

HPTLC fingerprinting of HEIP

HPTLC conditions

Stationary phase consisted of 10 9 10 cm, 0.2 mm

thick, pre-coated silica gel 60F254 HPTLC plates

(E. Merck) with aluminum as a supporting material.
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CAMAG’s Linomat-5 automatic sample applicator

(Camag, Muttenz, Switzerland) was used to apply

sample solution on the plate, with the help of 100 lL
(Hamilton, Bonaduz, Switzerland) syringe. Sample

application was performed with nitrogen gas. Mobile

phase 10 mL was prepared in CAMAG glass twin

trough chamber (15 9 15 cm). Chamber was satu-

rated with mobile phase for 20 min. Densitometric

scan was performed using CAMAG TLC Scanner 3

operated by WINCAT software. Photo documenta-

tion was carried out using CAMAG Reprostar-3 at

366 nm and visible light.

Fingerprint of HEIP by HPTLC

Mobile phase used was toluene: acetone: methanol:

formic acid (5:3:1:1). Sample was prepared (2 mg/

mL) in methanol and applied in the form of band

(6 9 0.45 mm). Plate was developed up to the

distance of 85 mm from the bottom. Plate was air

dried and scanned at 365 nm. Plate was derivatised

with anisaldehyde sulphuric acid reagent. After

derivatisation plate was heated at 115 �C for 10 min,

scanned at 590 nm and Rf values were reported

(Thirugnanasampandan et al. 2012).

Quantification of quercetin in HEIP

Quercetin was quantified in the extract using HPTLC

by following standardized method. Standard quercetin

(98 %) solution was prepared at the concentration of

100 lg/mL in methanol. HEIP was dissolved in

methanol to get concentration of 6 mg/mL. 10 lL of

sample was applied in the form of band

(6 9 0.45 mm). Plate was developed in toluene: ethyl

acetate: formic acid (5:4:1) and scanned at 375 nm and

peak area was noted. Rf value for quercetin was found

to be 0.60. Percentage content of quercetin was reported

as described by Tandon and Sharma (2010).

Statistical analysis

The statistical analysis of the results was performed

with the help of GraphPadInStat 3 package (GraphPad

Software Inc, San Diego, CA, USA). One-way

ANOVA test was applied to compare the differences

among the groups. Differences were considered to be

statistically significant if P\ 0.05. All the antioxidant

assays were performed in triplicates and standard

deviation was applied for the mean values.

Results

Effect of HEIP on MMC-induced cytotoxicity

The ratio of PCE and NCE in bone marrow of control

mice was 0.94 ± 0.01 (Table 1). Administration of

HEIP did not induce any cytotoxic effect as the P/N

ratio was similar to that of the control (0.97–1.07).

MMC exhibited a severe cytotoxic effect as indicated

by the significant decrease in the P/N ratio to

0.69 ± 0.04 (P\ 0.001). Administration of HEIP

1 h before MMC injection was able to reduce the

cytotoxic effect of MMC in a dose-dependent man-

ner. HEIP at 300 and 400 mg/kg b.wt., imparted the

maximum protective effect against MMC-induced

cytotoxicity (P\ 0.05). However, the cytoprotective

effect of HEIP was in declining trend from 400 mg/

kg onwards.

Table 1 Effect of various doses of hydroalcoholic extract of

Indian propolis extract (HEIP) on MMC-induced micronucleus

in bone marrow cells of Swiss albino mice at 24 h after

injection (N = 12)

Groups MN incidence (%) P/N ratio

Control 0.31 ± 0.07 0.94 ± 0.01

HEIP 100 0.33 ± 0.33 0.97 ± 0.06

HEIP 200 0.05 ± 0.05 1.05 ± 0.02

HEIP 300 0.03 ± 0.03 1.02 ± 0.02

HEIP 400 0.18 ± 0.06 1.07 ± 0.04

HEIP 600 0.21 ± 0.07 1.04 ± 0.04

HEIP 800 0.02 ± 0.02 1.06 ± 0.02

MMC (8 mg/kg) 12.51 ± 0.48a 0.69 ± 0.04d

HEIP 100 ? MMC 8.13 ± 0.45c 0.71 ± 0.02

HEIP 200 ? MMC 7.74 ± 0.44c 0.69 ± 0.01

HEIP 300 ? MMC 7.49 ± 0.81c 0.81 ± 0.03e

HEIP 400 ? MMC 6.93 ± 0.66c 0.82 ± 0.02e

HEIP 600 ? MMC 9.91 ± 0.93b 0.70 ± 0.04

HEIP 800 ? MMC 11.57 ± 0.54 0.64 ± 0.01

a P\ 0.001 compared to control
b P\ 0.05, cP\ 0.001 compared to MMC alone for MN
d P\ 0.001 compared to control
e P\ 0.05 compared to MMC alone for P/N ratio
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Effect of HEIP on MMC-induced micronucleus

formation

The bone marrow of control mice had 0.31 ± 0.07 %

micronucleated cells (Table 1). Administration of

HEIP alone did not show any significant genotoxic

effect even at the highest dose (800 mg/kg). However,

in the MMC treated mice, a significantly higher

percentage of micronucleated cells (12.51 ± 0.48)

were observed when compared with the control group

(P\ 0.001). Administration of HEIP 1 h before

MMC injection resulted in a dose-dependent inhibi-

tion of MMC-induced MN formation up to 400 mg/kg

body weight above which, the protective effect started

declining. Thus, the optimum protective effect of

HEIP was observed at 400 mg/kg b. wt., in which bone

marrow had almost two times lower percentage of

micronucleated cells (6.93 ± 0.66) compared to

MMC alone treated group (P\ 0.001). However,

above this dose of HEIP, the protective effect started

decreasing with further increase in the dose.

Effect of HEIP on MMC-induced apoptosis

The frequency of apoptotic cells in bone marrow of

control mice was 3.08 ± 0.68 % which did not differ

in HEIP group (3.13 ± 0.6) (Fig. 1). However, the

MMC administration resulted in a significant increase

in the percentage of apoptotic cells (23.43 ± 1.86,

P\ 0.001) compared with the control. The frequency

of apoptotic cells was significantly reduced

(P\ 0.001) as indicated by the comparison between

MMC alone treated and MMC with HEIP treated

group.

DPPH radical scavenging activity

HEIP possesses a good DPPH radical scavenging

activity as indicated by increase in the percentage of

inhibition with increase in the concentration of the

extract (Table 2). The percentage of inhibition from

the lowest (5 lg/mL) to the highest concentration

(75 lg/mL) of the HEIP ranges between 12.9 ± 0.89

and 95.6 ± 2.54. The EC50 of HEIP was found to be

16.56 ± 1.29 lg/mL, which is almost similar to

the value obtained for ascorbic acid (12.39 ± 1.34

lg/mL), taken as the reference standard.

Total antioxidant activity

The total antioxidant activity expressed as EC50 values

was calculated based on percent inhibition (Table 3).

As the concentration of HEIP increased from 5 to

100 lg/mL, the activity was increased as shown by

percentage inhibition from 18.69 to 96.8. The EC50

value determined from the calibration curve was found

to be 27.51 ± 1.56. L-ascorbic acid, the positive

control exhibited a good antioxidant activity showing

the EC50 value of 13.72 ± 1.89. In comparison, HEIP

is not as effective as ascorbic acid in possessing the

total antioxidant activity.

FRAP assay

HEIP exhibited free radical scavenging activity in

terms of ferric reducing antioxidant power as indicated

by increase in the absorbance at 593 nm with increase

in the concentration (Table 4). The lowest concentra-

tion of HEIP (20 lg/mL) showed the absorbance

0.081 ± 0.001, while that of the highest concentration

(120 lg/mL) was found to be 0.573 ± 0.003. EC50

value derived from the calibration curve was found to

be 105.73 ± 2.47 lg/mL. The reference standard,

ascorbic acid gave the EC50 value, 56.29 ± 3.21 lg/
mL, indicating that HEIP has FRAP almost half to that

of ascorbic acid.

Fig. 1 Effect of hydroalcoholic extract of Indian propolis

(HEIP) against MMC (8 mg/kg b. wt.) induced apoptosis in

bone marrow of Swiss albino mice: TUNEL assay (N = 6).
aP\ 0.001 versus Control; bP\ 0.001 versus MMC
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Lipid peroxidation inhibitory activity

HEIP exhibited a dose-dependent inhibitory activity

on lipid peroxidation (Table 5) which ranged from

2.83 ± 0.84 to 61.48 ± 2.24 %. The calibration

curve showed the EC50 value of HEIP for its lipid

peroxidation inhibitory activity being 710.00 ± 4.53

lg/mL. Though, HEIP was found to possess a

substantial lipid peroxidation inhibitory activity, it is

not as potent as trolox, used as the reference standard,

which yielded the EC50 value of 170.00 ± 2.84

(lg/mL).

HPTLC fingerprinting of HEIP

Chromatography allows the separation and identifica-

tion of phyto-constituents in the extracts/mixture of

constituents. It is also useful to develop finger printing

Table 2 Scavenging effect of hydroethanolic extract of Indian propolis (HEIP) and ascorbic acid on 2,2-diphenyl-1-picrylhydrazyl

free radical (DPPH)

Conc.

(lg)
HEIP Positive control (ascorbic acid)

% of inhibition

(mean ± SD)

EC50 (lg/mL)

(mean ± SD)

% of inhibition

(mean ± SD)

EC50 (lg/mL)

(mean ± SD)

5 12.9 ± 0.89 16.56 ± 1.29 27.56 ± 1.34 12.39 ± 1.34

10 29.8 ± 1.08 41.43 ± 0.92

25 69.4 ± 1.76 82.24 ± 1.67

50 82.7 ± 1.56 93.49 ± 2.08

75 95.6 ± 2.54 97.85 ± 1.87

Table 3 Total antioxidant activity of hydroethanolic extract of Indian propolis (HEIP) and ascorbic acid

Conc.

(lg)
HEIP Ascorbic acid

% of inhibition

(mean ± SD)

EC50 (lg/mL)

(mean ± SD)

% of inhibition

(mean ± SD)

EC50 (lg/mL)

(mean ± SD)

5 18.69 ± 1.79 27.51 ± 1.56 24.63 ± 2.49 13.72 ± 1.89

10 31.16 ± 2.37 37.30 ± 3.11

25 47.33 ± 2.82 78.43 ± 2.88

50 78.77 ± 2.74 94.67 ± 2.58

75 93.21 ± 4.24 97.05 ± 1.45

100 96.80 ± 1.43 98.19 ± 1.56

Table 4 Ferric reducing antioxidant power (FRAP) assay for hydroethanolic extract of Indian propolis (HEIP) and ascorbic acid

Conc.

(lg)
HEIP Ascorbic acid

Absorbance at 593 nm

(mean ± SD)

EC50 (lg/mL)

(mean ± SD)

Absorbance at 593 nm

(mean ± SD)

EC50 (lg/mL)

(mean ± SD)

20 0.081 ± 0.001 105.73 ± 2.47 0.177 ± 0.003 56.29 ± 3.21

40 0.193 ± 0.001 0.371 ± 0.004

60 0.281 ± 0.002 0.521 ± 0.002

80 0.376 ± 0.004 0.723 ± 0.006

100 0.486 ± 0.002 0.874 ± 0.003

120 0.573 ± 0.003 1.131 ± 0.007
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profile for a particular extract. In this study, we have

developed fingerprint for HEIP. Various mobile phase

compositions were attempted to get a better separation

of the compounds. A better separation was obtained

with mobile phase containing toluene, acetone, metha-

nol, and formic acid.Wewere able to separate few polar

compounds using this mobile phase. Wavelength of

365 nm was found to be more appropriate for visual-

ization of different compounds in this mobile phase

(Fig. 2a). Rf values of different peaks of the extracts are

given in Table 6. This fingerprint pattern can be used as

quality control tool for propolis extracts. Further, the

HEIP used in the present study contained 0.12 % of

quercetin (Fig. 2b), as quantified using HPTLC.

Discussion

Hydroethanolic extract of Indian propolis containing

both polar and non-polar constituents, was evaluated for

the protective effect against MMC-induced genotoxi-

city and cytotoxicity. The yield of the extract was

21.34 % (weight/weight). As depicted in Table 1, a

high frequency of micronucleated cells (in both PCE

and NCE) observed in MMC treated mice compared

with the control (P\ 0.001) confirms the genotoxic

potency of the drug which agrees with previous reports

(Fu et al. 2004; Ortega-Gutiérrez et al. 2009). Earlier

studies have demonstrated that the genotoxic effect of

MMC is also mediated through generation of free

radicals (Dorr et al. 1985; Dusre et al. 1989), specif-

ically, hydroxyl and superoxide radicals. In addition to

its clastogenic action, MMC also induces the formation

of MN through spindle damage (Miller et al. 1991).

The genoprotective effect of HEIP against MMC

was clearly evident in terms of significant reduction in

the frequency of micronucleated cells and also

reduction in the percentage of apoptotic cells (Fig. 1).

This observation is comparable to earlier reports where

propolis extracts were shown to reduce the genotoxic

effect against various positive agents both in vitro

(Türkez et al. 2010, 2012, 2013) and in vivo (Fu et al.

2004). Though HEIP exhibited the genoprotective

effect at all doses (except at the highest dose),

400 mg/kg of HEIP was found to be the optimum dose

imparting the maximum effect against MMC (8 mg/kg)

which is equivalent to 32.43 mg/kg body weight when

extrapolated to human (Reigner and Blesch 2002).

Probably, at higher doses some of the constituents of

propolis extract act as prooxidants rather than the

antioxidants. Similar observation was made by an

earlier study where, an increase in the dose of

protective/antioxidant agents beyond the optimum dose

was not effective against an alkylating agent-induced

genotoxicity (Prasad et al. 2002). Bouayed and Bohn

(2010) discussed in their review that higher doses of

exogenous antioxidants may act as prooxidants and

disrupt redox balance. Since the extract alone did not

induce the formation of MN cells even at 800 mg/kg b.

wt., the extract may not possess the prooxidant activity

on its own at higher concentration. It is, however,

possible that few of the constituents present in the

extract may interfere with the free-radical scavenging

reaction of antioxidants at higher concentration, which

will be interesting to study further.

One of the mechanisms of propolis-induced geno-

protective effect against MMC is through its antiox-

idant/free radical scavenging activity, which has been

demonstrated by earlier studies (Kurek-Górecka et al.

2013; Pellati et al. 2013; Piccinelli et al. 2013). Since

oxidation is a very complex process with different

mechanisms of origin, we assessed the antioxidant

efficacy of HEIP using various in vitro methods, and

compared with L-ascorbic acid for its efficacy.

Table 5 Inhibition of lipid peroxidation activity by hydroethanolic extract of Indian propolis (HEIP) and trolox

Conc.

(lg)
HEIP Trolox

% Of Inhibition

(Mean ± Sd)

EC50 (lg/mL)

(mean ± SD)

% of inhibition

(mean ± SD)

EC50 (lg/mL)

(mean ± SD)

10 2.83 ± 0.84 710.00 ± 4.53 7.34 ± 0.93 170.00 ± 2.84

100 8.76 ± 1.78 24.13 ± 1.49

200 19.32 ± 1.96 53.36 ± 3.23

500 43.73 ± 2.43 79.43 ± 2.54

1000 61.48 ± 2.24 91.31 ± 4.03
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In all the three in vitro antioxidant assays, HEIP

exhibited the potential free-radical scavenging activity

as efficient as that of L-ascorbic acid (Tables 2, 3, 4).

In addition, it exhibited substantial anti-lipid peroxi-

dation properties (Table 5). Indian propolis is com-

posed of several antioxidant molecules, including

flavonoids such as pinocembrin and galangin and,

polyphenolic compounds (Kimoto et al. 1999).

Kumazawa et al. (2004) screened propolis derived

from different geographic regions for their antioxidant

property and found that propolis containing kaemp-

ferol (a flavonoid) and phenethylcaffeate (a phenolic)

showed relatively strong activity. These two active

principles may also be present in Indian propolis,

which needs to be screened to give further insight

about their roles in HEIP-induced geno-protective

effects.

Decrease in polychromatic erythrocytes (PCE) in

comparison to mature (normochromatic) erythrocytes

(NCE) generally indicates mito-depressive effect and

bone marrow toxicity (Suzuki et al. 1989). A signif-

icant reduction in P/N ratio compared with the control

(P\ 0.001) was observed in MMC treated mice. It

confirms the mitotic-depressive/cytotoxic effect of

MMC, and this observation is in parallel with the

previous reports (Liu et al. 2002; Borges et al. 2013).

Since the most common complication in MMC treated

patients is bone marrow depression (Molyneux et al.

2005), one of the objectives of the current study was to

evaluate the possible protective effect of HEIP against

Fig. 2 a Finger print profile of hydroalcoholic extract of Indian
propolis (HEIP) at the wavelength of 365 nm. b Finger print

profile of hydroalcoholic extract of Indian propolis (HEIP) at the

wavelength of 590 nm. c HPTLC chromatogram of quercetin

standard. d HPTLC chromatogram of hydroalcoholic extract of

Indian propolis (HEIP) for quercetin
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MMC-induced cytotoxicity. A significant rise in P/N

ratio (recovery) in combination treatment comparing

with the drug alone administered group is a clear

indication that HEIP protects the bone marrow cells

from the cytotoxic effect of MMC (Table 1). More

importantly, HEIP did not induce any drastic change

in P/N ratio from the dose 100–800 mg/kg b. wt. when

compared with the control indicating that it is not

cytotoxic even up to 800 mg/kg b. wt. Comparison of

P/N ratio between MMC treated group and MMCwith

HEIP pretreated group at different doses indicates that

there was no significant increase in P/N ratio by HEIP

at lower concentrations (100 and 200 mg/kg b. wt.).

Increase in P/N ratio at significant level (P\ 0.05)

was observed at 300 and 400 mg/kg b. wt., and the

effect was almost similar for both doses of HEIP.

Since increasing the concentration further did not lead

to any further enhance in the protective effect, HEIP at

a dose of 300 mg/kg b. wt. can be considered as the

threshold dose required for the recovery against MMC

(8 mg/kg)- induced mitotic depression. And, the same

dose can also be considered as the optimum consid-

ering that no more enhancement in recovery beyond

this dose was observed.

This is the first study of its kind reporting the

ameliorating effect of propolis extract on mitotic

depression in bone marrow by determination of P/N

ratio. However, there are many reports on the protec-

tive effect of plant extracts enriched with antioxidants,

against MMC-induced cytotoxicity in terms of recov-

ery of P/N ratio (Prasad et al. 2002; Borges et al.

2013). The cytoprotective effect observed in the

present study, to some extent, is in line with a previous

report where ethanolic extract of propolis was shown

to prevent necrosis of the gastric mucosa in rats (Liu

et al. 2002). Since MMC produces free-radicals

through its metabolism, the antioxidant rich HEIP

can counteract the free-radicals preventing them from

cytotoxicity. There are several reports on antioxidant/

free radical scavenging-mediated protection against a

wide variety of cytotoxic agents (Yoo et al. 2008;

Rajan et al. 2014; Sharma et al. 2014) and their

mechanism of action (Mathers et al. 2004). Our data

on antioxidant/free radical scavenging potency of

HEIP in vitro, justifies its cytoprotective effect against

MMC (8 mg/kg), for which the threshold dose of the

extract required was found to be 300 mg/kg b. wt.

With a current set of data, it is difficult to explain why

at higher dose ([600 mg/kg) HEIP did not enhance

the cytoprotective effect and rather reversed the effect,

which is interesting to study further. Possibly, some of

the polar and/or non-polar constituents present in

HEIP may have antagonistic effect on the cytoprotec-

tivity by antioxidants.

Considering together the geno- and cyto-protective

effects of HEIP against MMC, lipid peroxidation is an

important basis for the justification. It is known that

lipid peroxidation is a crucial event in oxidative stress-

induced cellular damages—mutation and cytotoxicity

(Park et al. 2002). Indian propolis extracts have been

reported to possess the significant lipid peroxidation

inhibitory property (Benguedouar et al. 2008; Thirug-

nanasampandan et al. 2012). In the present study, the

observed geno- and cyto-protective effects of HEIP is

probably due to the inhibition of lipid peroxidation-

mediated cytogenetic damages induced byMMC, since

the latter is a potential inducer of lipid peroxidation via

free radical generation (Siddique et al. 2010).

Conclusions

The hydroethanolic extract of Indian propolis has a

significant protective effect against genotoxic and

cytotoxic stress induced by mitomycin C. Strong free

radical scavenging activity of the extract indicates that

it is enriched with antioxidants, which might be

responsible for ameliorating the MMC-induced toxic

effects on proliferating cells in bone marrow. Thus,

HEIP may be regarded as a protective agent to

Table 6 Rf values of hydroethanolic extract of Indian propolis

(HEIP) at 365 nm and 590 nm using HPTLC

Wavelength Peak number Rf value Area (%)

365 nm 1 0.03 18.88

2 0.12 6.60

3 0.24 13.68

4 0.76 60.84

590 nm 1 0.03 9.48

2 0.06 18.36

3 0.15 40.36

4 0.35 0.59

5 0.78 23.46

6 0.83 2.40

7 0.90 2.53

8 0.96 2.82
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minimize the MMC-induced toxicities (side effects) in

non-target cells/tissues. Further investigations are

necessary to understand whether HEIP has any

significant role to play in DNA repair mechanisms to

minimize genotoxicity.
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