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ABSTRACT

Objective: The study was aimed to evaluate the anticlastogenic potential of ethanolic extract of Cinnamomum cassia against arsenic-induced 
genotoxicity.

Methods: In the experiment, 30 animals were taken and divided into five groups and each group contains six animals. Group 1 was control and fed 
on tap water of Patna city while rest four (2, 3, 4, 5) groups were treated with 4 mg/kg body weight, per orally sodium arsenite for 8 weeks. Sodium 
arsenite pre-treated Groups 4 and 5 were followed by dose of 100 mg/kg body weight of 5% ethanolic solution of test plant bark extract for next 
8 weeks (total duration of dosing 16 weeks). Caudal blood collected from each mouse by minor nick without their sacrifice and smeared blood was 
stained by double staining. Approximately, 2000 cells were scored by light microscopy to determine micronucleus (MN) frequency. The percentage of 
MN frequency was expressed in the terms of mean and standard deviation.

Results: High index of MN frequency was observed in the Groups 2 and 3 while its frequency drastically reduced in Groups 4 and 5. The mean number 
of MN scored per 2000 cell were found to be 4.5, 23.5, 18.8, 10.5, and 9.66 in animal Groups 1, 2, 3, 4, 5,respectively.

Conclusion: C. cassia may be effective drug in the area of preventive cancer or other kinds of diseases which lead to damage of genetic materials.
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INTRODUCTION

Micronucleus (MN) formation is a hallmark of genotoxicity and it is 
chromatin containing bodies that represent fragments of chromosome 
or may be whole chromosome that was not incorporated into the 
daughter cell nucleus at cell division [1]. Induction of MN can result 
from clastogens or aneugens (agent that induces chromosomal loss 
mainly through interference with spindle apparatus). The MN is an 
excellent biomarker for genotoxicity screening because it can detect 
chromosome breakage or ill functions of mitotic spindle caused by 
aneugenic mechanism [2]. The major mechanism responsible for 
micronuclei induction is double stranded DNA breaks and such assay 
is rapid, easy and sensitive method for detection of mutagenicity [3]. It 
may detect clastogens or aneugens besides mitotic delay, apoptosis and 
chromosomal loss or non-disjunction of chromosomes. The MN index in 
rodents or human cells is one of the excellent cytogenetic tests used in 
the assessment of genetic toxicity in-vivo or ex-vivo [4]. MN test not only 
allows the detection of genotoxicity but it also discriminate clastogens 
from an aneugens [5]. In the genotoxicological studies, the formation 
of micronuclei in bone marrow and caudal blood erythrocytes is an 
established protocol for in-vivo cytogenetic assay [6]. The in-vivo MN 
assay in rodents has been widely accepted for genotoxic studies of 
chemical compounds and anticlastogenic potenza of new chemicals in 
pharmaceuticals. Those cells are considered micronucleated in which 
micronuclei are defined chromatin corpuscles with a diameter ≤1/3 
of main cell nucleus and stained equally or lighter than the parent 
nucleus [7]. MN test using blood erythrocytes, the blood can be collected 
for extended period and chronic and sub-chronic exposure of clastogens 
can be evaluated for the same animal in the given conditions [8].

Human including several animals is mainly exposed to arsenic via 
drinking water or due to other anthropogenic activities [9]. Arsenicals 

are considered as potent genotoxic and may be proved as carcinogenic 
based on its physical and chemical forms, concentration and duration of 
exposure [10]. Arsenic-induced mutagenesis causes induction of DNA 
damage and wide varieties of genetic alterations which can range from 
single gene mutation to visible chromosomal mutations. Arsenicals 
mainly concerned with generation of reactive oxygen species (ROS) 
during its biotransformation inside the living cells, generation of 
ROS causes DNA strand breaks, and chromosomal aberrations [11]. 
Clastogenic effect of arsenicals is mediated by inhibition of DNA repair 
mechanism [12].

Essential oil from aromatic medicinal plants possesses biologically 
active compounds which are used in the treatment of disorders caused 
due to oxidative stress [13]. Lots of medicinal herbs and plants are great 
reservoir of biologically active compounds which may affect the genetic 
health and general health by maintaining the concentration level between 
consumption of mutagenic and antimutagenic chemicals  [14]. Many 
herbs houses phenolic and flavonoids as a bioactive component which 
imparts antioxidant potency and it is proven from various researches 
that intake of polyphenolic compound lowers down the oxidative 
stress which might be a cause of cancer [15]. The active chemicals 
of Cinnamomum cassia show the antineoplastic and antioxidative 
properties [16]. Phenolic compounds and their derivatives isolated from 
herbs or medicinal tree shows the antioxidative, anti-inflammatory, 
antimutagenic, anticarcinogenic, and antitumor properties which 
impart their potent chemopreventive role. It is evident that ethanolic 
extract of medicinal plants may be useful in preventing deleterious effect 
of oxidative stress caused by arsenicals [17].

In this study, antigenotoxic or antimutagenic effects of C. cassia bark 
extracts were investigated against arsenic genotoxicity in Swiss albino 
mice using MN test in caudal blood sample.
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METHODS

Experimental animal
Healthy albino Swiss mice was housed under good hygienic condition 
and allowed to acclimatize for 10  days under controlled condition of 
illumination (a 12 hrs light: Dark cycle) and temperature 22-25°C. The 
animals were maintained on standard pellet diet and provided with 
husk bedding throughout the experiment. The study was approved by 
the Institutional Animal Ethics Committee.

Chemicals
Sodium arsenite (Sigma, chemical abstracts service (CAS): 7784-46-5), 
ethylenediamine tetraacetic acid (EDTA) (Sigma, CAS 6381-92-6), and 
glacial acetic acid (Merck, CAS: 64-19-7) are purchased from local 
supplier (Bihar Scientific Chemicals, Ashok Raj Path, Patna, India). All 
the other chemicals used for the experiment were of analytical grade.

Extract preparation of test plant material
The bark of test plant was purchased from reputed shop of Phulwari 
sharif, Patna, Bihar. The plant material was identified and authenticated 
by Department of Botany, Patna University, Patna. The bark (100 g) of 
C. cassia was washed with distilled water properly and allowed to dry 
at 40°C for 10 days in hot air oven. The dried plant material was milled 
into fine powder and dissolved in 90% ethanol then suspension was 
placed on horizontal shaker for 24 hrs. The mixture was subjected 
to separation of extract by vacuum rotavator (Buchi, R-3) at bath 
temperature 55°C, rotation 6  rpm and pressure was maintained at 
310 millibar. The extract was evaporated till their dryness and obtained 
crude product was stored at 4°C for future use.

Herbal dose preparation from test plant extract
Fresh herbal dose was prepared every day before their administration 
to animals. Dose was prepared by dilution of dried crude extract of 
C. cassia bark in 5% ethanol which was vortexed for their mixing for 
2-3 minutes. The mixture was then filtered by Whatman filter paper 01 
(Cat No: 1001110) of pore size 110 nm. The routes of administration of 
herbal dose and arsenicals both were oral to the experimental animal.

Experimental design
Double staining procedure was used in this study, in such staining 
method Giemsa stain was followed by Harris hematoxylin staining. 
The mice were divided into five groups comprising six animals in 
each group. Each cage was numerically marked as 1, 2, 3, 4, and 5 
for group categorization. Animals of Group  1 was fed with clean tap 
water supply of Patna city, Bihar (India) behaved as control while 
animals of Groups 2, 3, 4, 5 were received sodium arsenite at the rate 
of 4  mg/kg body weight, per orally for 8  weeks. After completion 
of  8  weeks Groups  4 and 5 (sodium arsenite pretreated group) were 
received 100 mg/kg body weight, per orally C. cassia bark extract for 
next 8 weeks (total duration of dosing was 16 weeks). The doses were 
administered to every individual of each group with an accordance of 
their body weight, daily once. Caudal blood sample was collected from 
each animal by minor nicking on their tail tip for MN estimation. About 
5-7 µl of blood collected from animal and immediately mixed with 3% 
EDTA to prevent their clotting. Blood was smeared on surface sterilized 
glass slide (Blue star industries) of dimension 75 mm×25 mm×1.35 mm 
with variation in thickness±0.1  mm. The  slides were air dried at 
room temperature then blood erythrocytes were fixed in 100% cold 
methanol for one minute then slides were incubated for 8 hrs at 
42°C. The fixed erythrocytes were stained with Harris hematoxylin 
mixed with 3.5% glacial acetic acid for 10 minutes. Glacial acetic acid 
improves the specificity of chromatin material. Slides were then stained 
with 1/9 diluted Giemsa stain for 10 minutes which was followed by 
washing process by distilled water to remove excess of stain. Double 
staining procedure causes enhanced clarity of MN and scoring time. 
Two slides were made for each sample and number of micronuclei 
scored by two different observers to minimize error. Around 2000 cells 
were observed per slide to score micronuclei with light microscope 
(Olympus) under 10×;100×magnification. During scoring of each slide, 
five fields were focused and each field contained approx 350-450 

erythrocytes. Frequency of MN was used to evaluate the clastogenic 
effects of arsenicals as well as anticlastogenic potential of test plant. The 
percentage MN frequency was expressed in terms of mean, standard 
deviation (SD) and variance.

RESULTS

Mean body weight (g) of treated mice
The mean body weight of mice (Fig.  1) revealed that animals of 
Groups 2 and 3 (sodium arsenite treated) showed decreasing tendency 
due to arsenical treatment while C. cassia administered Groups 4 and 
5 reflects rise in the mean weight of animals. The Group  1 (control) 
depicts uniformly increasing in weight.

Mean value of MN/2000 cells scored
Those cells are considered micronucleated in which micronuclei are 
defined chromatin corpuscles with a diameter ≤1/3 of main cell nucleus 
and stained equally or lighter than the parent nucleus. The mean 
number of MN is very high in Groups 2 and 3, but there is drastically 
decline in its number in Groups 4 and 5 (Fig. 2). The average number of 
MN scored per 2000 cell were found to be 4.5, 23.5, 18.8, 10.5, and 9.66 
in Groups 1, 2, 3, 4, 5, respectively.

Determination of percentage frequency of MN by mean and SD
Percentage frequencies of MN were used to assess genotoxicity caused 
by arsenicals as well as evaluation of anticlastogenic potential of test 
plant. It is calculated using simple formula: % MN frequency = (Number 
of MN/Number of total cells scored) ×100. Percentage frequency 
of micronuclei was expressed in the terms of mean; SD and variance 
which were shown in Table 1 for different treated groups.
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Fig. 1: Mean body weight of treated mice
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DISCUSSION

Arsenicals are reported as notorious clastogen which causes formation 
of micronuclei (Fig. 3). Contrary to this C. cassia shows anticlastogenic 
potential against arsenical genotoxicity to a great extent. This was 
confirmed by present investigation and analysis of data which depicts 
that frequency of micronuclei was drastically decreased in those 
animal groups those were treated with test plant bark extract. This 
was probably happens due to repairing action of C. cassia for the 
chromatin material. The mean number of MN and their percentage 
frequency (mean±SD) were falls down in Groups 4 and 5 in comparison 
to Groups 2 and 3. Groups 2 and 3 received sodium arsenite alone while 
Groups 4 and 5 were received an ethanolic extract of test plant material 
after exposure of sodium arsenite orally. Thus, Cinnamomum cassia may 
have a good anticlastogenic effect on arsenic-induced genotoxicity.

CONCLUSION

Arsenicals significantly induce micronuclei formation through 
clastogenic or aneugenic mechanism which may also directly causes 
DNA strand breakdown due to generation of ROS. Since test plant bark 
ethanolic extract may have antimutagenic or anticlastogenic property so 
it is noteworthy in the preventive aspects of diet and water in chemical 
carcinogenesis due to arsenic and other types of genetic damages. 
Hence, the herbal extracts may be used as effective drug in the area of 
preventive cancer or other kinds of diseases which lead to damage of 
genetic materials. The findings of this study have revealed that C. cassia 
may be used as preventive herbal drug against chemical toxicity.
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Fig. 3: Microphotograph (a-d) showing micronuclei in caudal 
erythrocyte at magnification (10×100) under oil immersion
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