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ABSTRACT

Increased exposure to environmental pollutants, industrial chemicals and cytotoxic substances can lead to
mutagenic events in DNA and carcinogenesis. Some naturally occurring compounds are known to inhibit
mutagenesis and carcinogenesis in vitro and in vivo. Apocynin is a major constituent of extracts of
Himalayan herb Picrorhiza kurroa, used traditionally to treat asthma and inflammation and is a strong
NADPH-oxidase inhibitor. Our studies aimed at assessing the genotoxic and antigenotoxic properties of
Apocynin against cyclophosphomide induced genotoxicity in bone marrow of mice and root tip
meristematic cells of Allium cepa. The results of our experiments indicate the ability of Apocynin to
significantly lower the incidence of micronucleated PCEs and chromosomal aberrations in the test systems.
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INTRODUCTION

Humans are continuously exposed to several
environmental pollutants and industrial chemicals
that lead to the development of different kinds of
cancer. The exposure to these agents is often
unavoidable and creates a great risk to human
health. The human body is inherently equipped
with enzymatic detoxification processes to defend
against these toxic agents. But increased or
repeated exposure to hazardous chemicals can
lead to mutagenic events as in the case of cancer
chemotherapy. An alternative approach is to help
the host organism to oppose the attack of
mutagens and carcinogens by supplementing the
diet with chemoprotective agents (De Flora and
Ferguson, 2005). Plants produce secondary
metabolite in response to environmental stresses
and these are called as phytochemicals.
Thousands of these phytochemicals have been
identified and when consumed in human diet may

affect chronic disease risk. Literature review
suggests that plant extracts and their active
principles have proved to contain variety of
antimutagenic, antigenotoxic potential (Scassellati-
Sforzolini et al., 1999; Pasquini et al., 2002;
Hayder et al., 2004; Bhouri et al., 2010; Steinmetz
and Potter, 1991 and Gupta et al., 2010). One of
the ways by which phytochemicals can protect
against cell proliferation is by destroying reactive
oxidative species (ROS) that initiate carcinogenesis
through oxidative damage of DNA) (Williams et
al., 1989) or suppress their production. Apocynin
(4-  hydroxy-3-methoxy-acetophenone) is a
constituent of the Himalayan herb Picrorhiza
kurroa Royle (Scrophulariaceae) that is well known
in traditional Indian medicine (Ayurveda). The
plant has been widely used in traditional system
medicine for the treatment of asthma, fever,
inflammation and rheumatoid
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arthritis (Stefanska and Pawliczak, 2008). It has
been used as an efficient inhibitor of the
Nicotinamide Adenine Dinucleotide Phosphate
(NADPH)- Oxidase in many experimental models
such as colitis, rheumatoid arthritis, ischemia
reperfusion and lung injury. Apocynin is an
acetophenone to which a range of biological
activities is attributed. It is a pro drug that is
converted by peroxidase mediated oxidation to a
dimer, which has been shown to be more efficient
than apocynin itself (Rhian MT, 2008).
Phytochemicals with pronounced antioxidant and
anti-inflammatory effects are anticipated to act as
anti-tumor promoters (Surh, 2002).
Cyclophosphamide (CP), an alkylating agent has
been used for treating malignant as well as non-
malignant disorders since a long time. Its
metabolites are toxic to cancer cell as well as
normal cells also (Fraiser et al., 1991), primarily
causing DNA damage by oxidative stress
(Brookes, 1990). Oxidative stress can damage
DNA, lipids, proteins, and carbohydrates leading
to impaired cellular function and enhanced
inflammatory reactions (Wang et al., 2006).
Based on these findings, the aim of the present
study was directed to investigate the protective
effects of Apocynin on genotoxicity induced by
cyclophosphamide in mice and chromosomal
aberrations using Allium cepa root tip assay.

MATERIALS AND METHODS
Chemicals

Cyclophosphamide (CP) was purchased from
local licensed outlets (Brand name-Uniphos 500,
United Biotech, India (Batch No.UPDJ3B7-Oct,
2013). Apocynin was purchased from Natural
Remedies Ltd., Bangalore (batch No.T12G190-
2014). All other chemicals and stains used in the
assay were of analytical grade.

Animals

Eight week-old healthy Swiss albino mice of
either sex, weighing 255 g were purchased from
Venkateshwara enterprises, Bangalore, India.
Animals were maintained under conventional
laboratory conditions, at temperature 25+2°C, and
a 12 h natural light period. Commercial pellet diet
(Lipton India) and drinking water were provided

ad libitum. Animal experiments were carried out
after obtaining the clearance from the institutional
animal ethical committee.

Experimental Design

Animals were divided in to five groups of 6 mice
each were formed and subjected to various
treatments as follows. Group 1: Normal control-
received the vehicle (saline) intraperitonially for 5
days 10 ml/Kg body weight. Group 2: Plant active
principle control-received Apocynin 200 pg/kg
body weight for 5 days i.p. Group 3: Clastogenic
control-received CP alone 50 mg/kg body weight
i.p. in a single dose. Group 4: Treated with
Apocynin 100 pg/kg body weight for 5 days and
1 hr after the last dose given a single dose of CP
50 mg/kg body weight i.p. Group 5: Treated with
Apocynin 200 pg/kg body weight for 5 days and
1 hr after the last dose given a single dose of CP
50 mg/kg body weight i.p. The animals were
sacrificed after 24 of CP administration by
cervical dislocation under light anesthesia. Before
sacrifice the animal’s blood samples were
collected for the estimation of WBCs, RBCs and
Hemoglobin content. The femur and tibia were
excised for collection of Bone marrow and
estimation of mnPCE’s.

Micronucleus Assay

Micronucleus test was performed by counting the
number of micronuclei present in the bone
marrow of control and pretreated mice. Bone
marrow slides were prepared as per the method of
Hayashi with little modification (Hayashi et
al.1994). Marrow suspension from femur and
tibia bones prepared in 5% bovine serum albumin
(BSA) was centrifuged at 1000 rpm and the pellet
was re-suspended in BSA solution. A drop of this
suspension was placed on a clean glass slides and
smears were prepared and air-dried. The slides
were coded to avoid observed bias. The slides
were fixed in methanol, stained for 5 min in May-
Gruenwald solution and for 10 min in Giemsa
respectively. Then slides were rinsed in distilled
water, cleaned on the back side with filter paper
and then dried on the slide warmer. 1000
polychromatic erythrocytes or PCEs per animal
were scanned for the presence of micronucleus.
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Allium cepa Root Tip Assay for Chromosomal
Aberrations

The Allium test was performed according to
Solange and Laughinghouse, 2010, with slight
modifications. Onion bulbs were purchased and
sundried for a week. Healthy bulbs without fungal
attack of approximately 20 g were chosen, the
dried outer scales were removed and the dried
roots were cut retaining the root primordia. The
bulbs were placed in disposable plastic cups
immersing the root primordia in plain drinking
water for three days allowing roots to emerge, at
room temperature (Around 28°C). Water was
changed periodically every 24 hrs.When the
rootlets reached a length of 2-3 cm, they were
exposed to different treatments mentioned as
follows: Group-1 Negative control (plain drinking
water), Group-2 Positive control
(Cyclophosphamide 2 mg/ml in water), Group-3
(Cyclophosphamide 2 mg/ml + Apocynin 100
pg/ml in water), Group-3 (Cyclophosphamide 2
mg/ml + Apocynin 200 pg/ml in water), Group-5
and 6 treated with Apocynin alone 100 and 200
pug/ml in water respectively. After 24 hrs of
exposure to the treatments, the roots were rinsed
with plain water and root tips of about 1cm length
were collected. The root tips were fixed in
Carnoy’s fixative (3:1 ethyl alcohol: acetic acid)
for 24 hrs and thereafter preserved in 70%
alcohol. The preserved root tips were then
subjected to microscopic cytogenetic analysis.
Root tips of about 2 mm length were hydrolysed
in IN HCI and then stained with Acetoorcein.
Stained tips were squashed on glass slides under
cover slips to spread the cells. Dividing cells in
all stages of mitosis i.e., prophase, metaphase,
anaphase and telophase were counted under
DeWinter camera microscope at 400X
magnification. Two root tips showing at least 10
dividing cells per 1000 cells were selected from
each bulb (replication) for analysis. 1000 cells per
root tip were screened totalling to 6000 cells per
treatment.

The mitotic index was calculated as follows
(Akinboro et al., 2011)-

MI= ng/ntx 100%

nq--number of dividing cells

n¢— total number of cells

The number of cells showing mitotic
abnormalities like lagging chromosomes, spindle
abnormalities, adherent nucleus, anaphasic
bridges and broken chromosomes were also
counted per 1000 cells in each root tip.

The frequency of chromosomal aberrations was
calculated as follows:

fCA = na/n¢x100%

Where n; is the number of aberrant cells.

RESULTS

Effect of Apocynin on Cyclophoshphamide
Induced Micronuclei PCE

Administration of Apocynin alone in the dose of
200 pg/kg bodyweight of experimental mice did
not lead to significant formation of micronuclei in
polychromatic erythrocytes. CP (50 mg/kg body
weight) induced significant number of mnPCEs
as compared to the normal control in the bone
marrow cells of the mice. Treatment with CP50 +
Apocynin at concentrations of 100 and 200 pg/kg
bodyweight of mice showed significant reduction
in the formation of  micronucleitated
polychromatic erythrocytes when compared to
animals exposed only to CP (Table-1).

Effect of Apocynin on WBCs, RBCs and
Haemoglobin Level in Cyclophoshphamide
Treated Mice

CP significantly lowered the total WBC count as
compared the normal control while Apocynin
alone does not have any significant lowering
effect on the number of WBC as compared to
normal control. But in animals treated with
Apocynin along with CP, the WBC count was
significantly increased when compared to animals
treated with CP alone. The total RBCs and
haemoglobin content in the various experimental
groups are not significantly altered by the
treatments (Table-1).

Effect of Apocynin on Cyclophosphamide
Induced Chromosomal Aberration in Onion
Roots

Mitotic Index

The mitotic index was highly decreased by
treatment with CP as compared to negative
control, plain drinking water. Presence of
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Apocynin along with CP reversed the action of
CP by significantly increasing the MI as
compared to CP alone. The action of Apocynin
was dose dependent with 200 pg/ml being more
significant. Apocynin alone did not modify the
mitotic index (Table-2).

Frequency of Chromosomal Aberrations

The frequency of chromosomal aberrations
significantly very high in the cyclophosphamide
treated positive control as compared to plain
drinking water. The same was very significantly
lowered by inclusion of Apocynin at a
concentration of 200 pg/ml along with CP.
Apocynin showed a dose dependent reduction in
the fCA with 200 pg/ml of Apocynin being more
effective than 100microgram/ml (Table-2 Figure-
1).

DISCUSSION

The mammalian in vivo micronucleus test is used
for the detection of damage caused by the test
substance to the chromosomes or the mitotic
apparatus of erythroblasts sampled in the bone
marrow (OECD guidelines, 1997; Heddle and
Salamone,1981). The appearance of micronuclei
following Cyclophosphamide exposure was
majorly due to chromosomal damage (Muller and
Streffer, 1994). The mutagenicity of CP is
attributed to the formation of Cytotoxic
phosphoramide mustard which is capable of
inducing DNA cross links and strand
lesions.(Hales,1982). CP has been consistently
shown to cause genotoxic effects in different in
vitro and in vivo test systems.(Mishra et al., 2013
and Gupta et al.,2010). CP also shows significant
immunosuppressive  effect  (Wojcik  and
Dabkowska). In the current study the
administration of CP alone to experimental
animals has shown significantly higher number of
micronucleated polychromatic erythrocytes as
compared to normal control and Apocynin.
Apocynin along with CP resulted in statistically
significant reduction of the number of mnPCEs in
the bone marrow compared to CP. Apocynin is a
proven inhibitor of NADPH oxidase (Stefanska
and Pawliczak, 2008) with strong free radical
scavenging property and hence, it could have

nullified the DNA damaging effects of CP
induced free radicals (Stankiewicz, A, 2002)
leading to reduction in formation of micronuclei.
CP induced significant reduction in the total
WBC count of the treated animals when
compared to normal control which is also in
agreement with previous literature (Merwid-Lad
et al., 2011; Gupta et al., 2010). In mice treated
with Apocynin along with CP, there is a
significant increase in the WBC count compared
to the CP alone. This is because of the potential of
Apocynin to prevent the production of superoxide
radicals in WBC and neutrophilic granulocytes
and thus mitigate the oxidative damage to WBC
caused by CP. Impairment of
immune system is a major side effect of
chemotherapeutic agents like CP. Restoration of
the immune activity in the patients is very
important. Our results indicate that Apocynin can
support the restoration of immune functions.
There is no significant effect of any of the
treatments on the total RBC and haemoglobin in
the experimental animals.

The Allium cepa assay is a well known and
widely used plant based in vivo test system used
to assess the genotoxic and antigenotoxic
properties of substances (Donatella, F et al.,
2007; Solange and Laughinghouse, HD, 2012).
Several workers have established the utility of
this system in evaluating the toxicity/genotoxicity
of drugs, pesticides and environmental pollutants
(Qari, SHM, 2010; Akinboro, A, 2011) Apocynin
also led to significant reduction in the occurrence
of chromosomal aberrations and increase in the
rate of mitosis in onion root tip meristematic cells
in the presence of CP. The absence of any
genotoxic effects of Apocynin at the tested
concentrations is of importance. Oxidative DNA
damage is an important cause of pathological
processes like aging and cancer. It can be a result
of normal metabolism in which ROS are formed
or induced by factors like UV light, ionizing
radiations, industrial chemicals and genotoxic
agents. (Bringmann et al., 2001). Agents which
can counteract this damage are of great
significance in chemoprevention of cancer. Plant
species rich in Apocynin have been used as  anti-
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asthmatic, anti-arthritic agents, anti-inflammatory
in treatment of
problems, jaundice and bowel diseases. The

agent and

liver and heart

results of our studies indicate that Apocynin could
be a potential antigenotoxic agent suitable for use
in chemotherapy cases.

Table 1: Effect of Apocyanin on Cyclophosphamide Induced Micronucleus Test in Mice

Treatment Mean no. of WBC count RBC count Haemoglobin Content
mnPCE/1000 PCE | (cells/cu.mm) | (million cells/cu.mm) (ug/cu.mm)
Normal control 4.00+0.81 8669+366.9 7.23+0.465 12.61+0.301
Apocyanin 200 11.50+1.19 7418+390.9 7.78+0.436 13.69+0.864
Cyp 50 mg/kg i.p. 35.75+3.0***a 3928+257.2***3 | 7.615+0.33 10.56+1.163
Cyp 50+Apo 100 pg/kg p.o. |14.00+2.0**b 6676+476.3**h |7.465+0.33 8.708+0.789
Cyp 50+Apo 200 pg/kg p.o. |7.25+2.8***h 6615+678.2**p |8.513+0.35 10.75+0.263

[Values expressed are mean+SEM n-06] ** p<0.01, ***p<0.001 a-when compared with normal control b- when compared with positive control (CP) control.

Results of Allium Cepa Root Tip Assay
Table 2: Frequency of Chromosomal Aberrations and Mitotic Index

Groups | Replication | fCA Mean+ SEM MI Mean+ SEM of Ml
1 1 0 0 20.35 19.33+2.322
2 0 22.75
3 0 14.90
2 1 0.45 | 0.4833+0.088*** | 3.30 3.567+ 0.2667***
2 0.65 4.10
3 0.35 3.30
3 1 0.1 0.1667+0.0441* | 9.45 9.867+ 0.7928*
2 0.15 11.40
3 0.25 8.75
4 1 0 0.10+0.0763** 15.35 15.17+0.4567***
2 0 14.30
3 0.05 15.85
5 1 0.1 0.0833+0.016 19.00 16.83+1.084
2 0.05 15.80
3 0.1 15.70
6 1 0 0.050+0.0288 16.95 16.85+0.350
2 0.1 17.40
3 0.05 16.20
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Figurel: Shows different phases of regular mitosis in onion root tip meristems

Figure 3 : Shows different types of mitotic abnormalities in onion root tips from bulbs treated with CP
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