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Oxidative DNA damage in living cells is a 
result of formation of reactive oxygen species 
(ROS) and reactive nitrogen species (RNS), 
due to metabolic and other biochemical 
reactions or due to external factors.(2) Any 
changes in the level of ROS, cellular 
antioxidants or efficiency of DNA damage 
repair causes modulations of steady-state 
level of oxidative DNA, which are especially 
abundant in the case of tumors.(2) Presence of 
high levels of antioxidants in plasma and a 
diet rich in antioxidants are supposed to 
reduce the risk of cancer and other chronic 
diseases(2) by its potential to scavenge free 
radicals, anti-cancer, anti-inflammatory and 
anti-aging activities.(3),(4) It has been found 
that fruit juices rich with antioxidants show a 
strong free radical scavenging capacity using 
the 2,2-diphenyl-1-picrylhydrazyl radical 
scavenging capacity assay and β-carotene 
bleaching assay under in vitro conditions, but 
not under in vivo conditions.(6) Another assay 
has demonstrated that none of the antioxidant 
phytochemicals produce a clear decrease in 
the tumor promoting activity of 3,-3’,4-,4’-
tetrachlorobiphynyl in rats.(7) 
 
Genotoxicity is the destructive effect on cell’s 
genetic material (DNA and RNA) affecting its 
integrity, leading to mutations in different 
types of cells, that could eventually lead to 
cancer or a wide variety of diseases.(8) 
Genotoxins are substances that have 
genotoxic properties. Primarily, genotoxins 
are of three types, classified based on their 
effect on the genetic information of an 
organism: carcinogens (cancer causing 
agents), mutagens (mutation causing agents) 
and teratogens (birth defect causing agents). 
DNA damaging agents can be used as anti-
cancer agents in the treatment of cancer.(8) 
One of the main targets in anti-cancer drugs is 
to arrest the cell cycle and prevent cell 
proliferation, by causing a high level of DNA 

damage. High level of DNA damage initiates 
cell cycle check points leading to arrest of cell 
cycle and cell death.(1) Some of the most 
often used DNA damaging agents are 
alkylating agents, platinum drugs, 
antimetabolites, topoisomerase inhibitors and 
ionizing radiation.(1) Therefore it is essential 
to measure the degree of various types of 
DNA damage to have a better understanding 
of the mechanism of action in the cell to 
respond to various substances, including 
genotoxic agents. 
 
Single cell gel electrophoresis assay/ comet 
assay is one of the techniques available to 
evaluate in vivo and in vitro genotoxicity and 
it is the most commonly used test to measure 
the degree of DNA damage, as it is rapid, 
sensitive, versatile and cost 
effective.(9),(10),(11) The comet assay was 
first introduced by two Swedish scientists, 
Ostling and Johanson in 1984 to detect a wide 
variety of DNA damage at the individual cell 
level in eukaryotes. Later in 1988, a modified 
version of the comet assay, the alkaline comet 
assay was introduced by Singh et al, which is 
the most widely performed version of the 
comet assay. This assay reveals  the presence 
of alkali-labile sites, in addition to SSB 
(Single strand breaks) and DSB (Double 
strand breaks).(8),(10),(11),(12) 
 
Plants produce phytochemicals as a secondary 
metabolites from primary metabolites, which 
mainly contain bioactive compounds such as 
flavonoids, alkaloids, terpenoids, phenolic 
compounds, steroids etc.(13) There are many 
different types of secondary metabolites in the 
plant kingdom and these play a vital role in 
the plant life cycle by mediating interactions 
with other organisms.(13) Thus plant 
secondary metabolites are suspected to be 
involved in interactions with plant pollinators, 
pathogens and as a form of self-defense 
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against plant herbivores.(13) Some of these 
phytochemicals have beneficial properties 
such as having anti-proliferative, anti-
oxidative, anti-bacterial, and anti-fungal 
activities and powerful effects on humans and 
therefore used as medicines.(13),(14),(15) 
 
Flueggea belongs to Euphorbaceae, a genus 
in the Kingdom Plantae and is mostly 
distributed in tropical and subtropical regions, 
with approximately 550 - 750 species.(16) 
Investigators have discovered bergenin as a 
constituent of Flueggea. It was shown to have 
antifungal properties against plant pathogenic 
fungi and anti-arrhythmic activity.(15),(17) 
 
Flueggea leucopyrus Willd. (Katupila) is a 
bush weed and an erect shrub, which grows 
up to 1.5 – 4 m in height. Branches are 
cylindrical or obtusely angular in young 
plants. The stem and leaves of the plant exude 
a white substance.(13) The leaves are dark 
green and small in size while the flowers are 
small and light green. Mature fruits are white 
and small and the seeds are very 
small.(13),(18) Flueggea leucopyrus Willd. 
preparations have been used to treat many 
diseases including cancers, hay asthma, 
diarrhea, cough, constipation and the juice of 
the leaves is used to destroy maggots in sores 
in the traditional medicine system of Sri 
Lanka. It is also used as fish 
poison.(13),(14),(19),(20) The plant is found 
in the both wet and dry zones of Sri Lanka, 
Southern India, China, and other tropical and 
subtropical countries.(13),(14),(21) 
 
This plant has recently gained popularity due 
to its application in malignancy.(13) The 
mature leaves and bark of the plant are 
normally used to prepare decoctions.(13) 
Many research groups have conducted studies 
on the chemical constituents and unique 
properties of Flueggea leucopyrus Willd(13). 

According to these studies, the plant contains 
alkaloids, unsaturated sterols and triterpenes, 
saponins, glycosides, phenolics, terpenoids, 
tannins, flavonoids and carbohydrates.(13) It 
is a potential candidate for commercial supply 
of bergenin on an industrial scale.(22) 
Extracts of leaves and fruits of the plant have 
also been successfully used to biosynthesize  
silver nano particles.(18) Flueggea 
leucopyrus Willd. has been shown to be anti-
proliferative, anti-oxidative and anti-fungal, 
and also to have dose dependent cytotoxicity 
in HEp2, HepG2 and A2780 cell lines and to 
be lethal in brine shrimp lethality bio 
assay.(14),(19),(23) Phonetic variations of 
Katupila in different climatic zones have also 
been studied.(21) 
 
As Flueggea leucopyrus Willd. is widely used 
as an anti-cancer drug in traditional medicine, 
its activity may be due to its genotoxic effects. 
This study was carried out with the objective 
of evaluating the degree of genotoxicity to 
both healthy cells (WBC) and tumor cells 
(HepG2 cells) by measuring the % tail DNA 
using the comet assay. The effectiveness of 
using Flueggea leucopyrus Willd. for anti-
cancer treatment was evaluated by using 
aqueous extracts of the same concentration as 
used in traditional medicine. The extent of 
DNA damage was determined at various 
concentrations of the extract. Plants were also 
obtained from different geographical 
locations to determine if any differences in 
genotoxicities.  
 

Methods 
 
Preparation of plant extract 
Fresh mature leaves collected from 
Anuradhapura and Maharagama were washed 
with distilled water and dried under indirect 
sun light. Leaves (60 g) were boiled in 1920 
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ml of distilled water until the final volume 
was reduced to 240 ml under mild heat.(24) 
The extract was filtered and 10 ml aliquots 
were prepared and freeze dried. Stock 
solutions of the extract (5 mg ml-1) were 
prepared by re-dissolving the freeze dried 
samples in HBSS and stored at -20 ˚C until 

use. 
 
Cell line and cell culture 
HepG2 cells were cultured in Eagles 
Minimum Essential Medium (EMEM) 
containing 10% heat inactivated Fetal Bovine 
Serum (FBS), 1% penicillin-streptomycin, 
1% L-glutamine and 1% 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid) (HEPES) at 
pH 7.4. Cells were maintained at 37 ˚C in a 
5% CO2 and 95 % humidified carbon dioxide 
incubator. Cells were passaged every 3-4 days 
after reaching 75% confluency. The harvested 
cells were treated with the plant extract. 
 
Treatment of cells 
Both white blood cells and HepG2 cells were 
selected for treatment with the plant extract. 
 
Treatment of WBC: Blood (1 ml) was 
collected from volunteer blood donors and 20 
µl was taken into a 1.5 ml eppendorf tube 
(approximately 2 × 104 Cells) and treated with 
varying concentrations of the freeze dried 
extract (0.001 mg ml-1, 0.005 mg ml-1, 0.01 
mg ml-1, and 0.02 mg ml-1). Treatment was 
initiated within 2 hours of blood withdrawal 
to minimize the stress caused to cells, which 
can lead to overestimation of genotoxicity. 
For the positive control cells were treated with 
H2O2 (200 µM) and negative control 
contained cells treated with HBSS. Each trial 
was run with a positive and negative control. 
All steps after the withdrawal of blood was 
carried out in the dark to avoid light induced 
DNA damage. All tubes were incubated at 4 
˚C for 30 min.  

Treatment of HepG2 
After trypsinization of cells and cell counting, 
cells were centrifuged and re-suspended to 
contain 2 × 104 cells in 50 µl and 50 µl of the 
cell suspension was treated with 0.001 mg ml-

1, 0.005 mg ml-1, 0.01 mg ml-1, and 0.02 mg 
ml-1 concentrations of the extract separately. 
A positive control (cells treated with H2O2 (50 
µM)) and negative control (cells treated with 
culture media) was included in the assay. All 
the tubes were incubated at 4 ˚C for 30 min. 
After the incubation period, cells were 
analyzed by the comet assay and also used for 
cytotoxicity testing. 
 
Determination of cell viability of WBC and 
HepG2 cells by Trypan blue dye assay 
 
After the incubation period the tubes were 
centrifuged at 2000 rpm for 5 min. The 
supernatant was discarded and cell pellet was 
re-dissolved in 100 µl of Hank’s Balanced 

Sodium Salt Solution (Ca2+, Mg2+ free) 
(HBSS) and culture media for WBC and 
HepG2 respectively. An aliquot (20 µl) of the 
cell suspension was mixed with an equal 
volume of 0.4 % Trypan blue dye and kept for 
3 min at room temperature. The mixture was 
diluted with equal volume of media and 10 µl 
of the mixture was loaded to a hemocytometer 
and observed under an inverted light 
microscope at 40X. The number of viable 
cells and the total number of cells were 
counted and cell viability was calculated 
using the following equation. 
 

% of viable cells =  
Number of viable cells

 Total number of cells
 ×100  

 
All test concentrations including positive and 
negative controls gave cell viabilities above 
80%. 
 
 



Pharmaceutical Journal of Sri Lanka 2017  Volume 7, Issue 1 

27 
  

Alkaline comet assay 
As described above after the incubation 
period and centrifugation, the cell pellet was 
re-suspended in 100 µl of 1% low melting 
point agarose (LMPA) at 37 ˚C and 
immediately 50 µl of the solution was placed 
on microscopic slides precoated with 1% 
normal melting point agarose (NMPA) and a 
cover slip was immediately placed over the 
suspension, without introducing any air 
bubbles. Each treatment group was duplicated 
and microscopic slides were kept on petri 
plates resting on ice for 10 min in a dark room. 
Then coverslips were gently slipped off and 
another layer of 1% LMPA (50 µl) was placed 
on the gel and allowed to solidify, to obtain a 
layer of cells embedded in LMPA. The 
coverslip was gently removed and 
microscopic slides were gently slid into a pre-
chilled coplin jar covered with aluminium foil 
and pre chilled lysis buffer was added to 
completely cover the slides. This was 
incubated for 90 min at 4 ˚C protected from 
light. The microscopic slides were then placed 
horizontally in a pre-chilled electrophoresis 
gel tank. Pre-chilled freshly prepared 
unwinding buffer was added to completely 
cover the slide upto a height of 1 - 2 mm 
above the slide and incubated at 4˚C for 30 

min in the dark. The voltage gradient was then 
set to 1.15 V cm-1 and amperage to 300 mA. 
Electrophoresis was carried out for 30 min at 
4 - 10 ˚C. The slides were then dipped in 
neutralization buffer at 4 ˚C for 5 min and 

same step was repeated twice. Slides were 
then air dried for 20 min. Dehydration of the 
gel was carried out by adding pre-chilled 
methanol drop wise on to the gel followed by 
air drying. They were then stored at 4 ˚C or 

visualized on the same day. The slides were 
visualized by adding 30 µl of 20 µg ml-1 
ethidium bromide as the staining dye and 
observed under the 40X magnification using   

a fluorescent microscope. Comet images were 
captured using a digital microscopic eye piece 
camera (S/N 140129 – 319 CU 3.2M CMOS 
camera) fixed onto the eyepiece of the 
microscope. After visualization and image 
capturing, the coverslip was gently removed 
and the stain was removed by rinsing the 
microscopic slide with absolute methanol. 
Microscopic slides were then air dried and 
stored at 4 ˚C. 
 
Quantification and data analysis 
Tests were carried out in two triplicates with 
samples collected from different regions of 
the country (Anuradhapura and Maharagama) 
using WBC (in whole blood) and HepG2 
cells. Each trial was inclusive of a positive 
and negative control and each treatment was 
carried out in duplicate on the same slide.  For 
each slide 50 randomly selected comets were 
analyzed (25 comets per gel, two gels per 
slide). Images were analyzed using CaspLab 
software (casp_1.2.3b 1) and % tail DNA of 
the comet was selected as the parameter for 
image analysis. Mean, median and standard 
deviation was calculated and data was 
analyzed by one way ANOVA followed by 
Dennett post hoc test using SPSS software. 
 

Results and Discussion 
 
Results of cytotoxicity test 
Dosage for each treatment group was 
determined after conducting cytotoxicity 
assays using the Trypan blue, to avoid 
overestimation of genotoxicity due to 
apoptotic cells. In the Trypan blue dye assay, 
viable cells appear clear while nonviable cells 
appear blue due to the uptake of dye by the 
damaged cell membrane. Based on the 
published guidelines to perform a 
genotoxicity assay, the cell viability should at 
least be 80%. Both human blood cells and   
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HepG2 cells used in the study had a viability  
 

of > 80%. 
 

Table 1: Viability of WBC and HepG2 cells after treatment with Flueggea leucopyrus Willd. 
(30 min) 
 Positive 

control 
Negative 
control 

0.001 mg 
ml-1 

0.005 mg 
ml-1 

0.01 mg 
ml-1 

0.02 mg 
ml-1 

Viability of 
WBC  

96% 99% 99% 98% 98% 97% 

Viability 
HepG2 of cells  

87% 99% 99% 95% 97% 96% 

WBC, White Blood Cells; HepG2, Hepato cellular carcinoma cell line 

 

Result of the genotoxicity test 
WBC (in whole blood) treated with different 
concentrations of the extract resulted in 
significant DNA damage compared to the 
negative control (p<0.05) and a dose 
dependence was observed (Table 2). 
Similarly HepG2 cells treated with the 
different concentrations of the extract resulted 
in significant DNA damage compared to the 
negative control (Table 3). However the 
extent of the damage in WBC and HepG2 at 
the same concentration of the extract were 
different. This is likely due to the nature of the 
cells where HepG2 is a tumor cell line. This 
has also been demonstrated in the positive 
control (treated with 50 µM H2O2) where the 
DNA damage in HepG2 was more extensive 
than WBC (Figure: 1 (A), Table 2 and Figure: 
2 (A), Table 3). Mean values of % tail DNA 
in treated groups for all the test concentrations 
in both WBC and HepG2 were lower (20 - 50 
%) compared to the positive controls. A 
gradual increase of DNA damage with 
increase in extract concentrations was also 
observed.  
 
While handling WBC, whole blood was used 
instead of isolated and cultured lymphocytes 
to avoid genotoxicity induced by sample 
handling and to provide in vivo conditions as 
much as possible. However a certain degree 
of DNA damage could also be observed in the 

negative controls, for both cell types (WBC 
and HepG2). This may be due to stress 
generated on samples under in vitro 
conditions.  
 
In contrast to the positive control both cell 
types show a higher degree of damage in 
normal cells than malignant cells. A 
significant difference in the extent of damage 
was not observed for the different 
geographical isolates. 
 
The generally consumed dose of Flueggea 
leucopyrus Willd. extracts in single 
component decoctions was estimated 
approximately to be 0.01 mg ml-1 and in poly 
herbal decoctions, 0.001 mg ml-1. From the 
findings of this study, it was found that 
concentrations used for poly herbal 
decoctions do not appear to be significantly 
genotoxic whereas the concentration in single 
component decoction appears to be 
marginally genotoxic. Therefore long term 
consumption of high doses could result in a 
higher level of DNA damage, due to long term 
exposure and due to possible accumulation of 
components in the extract. Flueggea 
leucopyrus Willd. aqueous extract shows a 
higher level of % tail DNA in blood compared 
to HepG2. In that sense, plant extract has a 
higher potential to damage the healthy cells 
than malignant cells. 
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The anti-proliferative, antioxidant and 
cytotoxic properties of F. leucopyrus Willd. 
have been studied previously, using different 
methods such as MTT (3,4,5-
(dimethylthiazol-2-yl)2-5-diphenyl 
tetrazolium bromide) and LDH (Lactate 
dehydrogenase) assays and protein synthesis 
with HEp-2 cells after a 24 hour exposure. 
DNA fragmentation and microscopic 
examination of cells stained with a mixture of 
ethidium bromide/acridine orange were used 
to visualize apoptosis in HEp-2 cells treated 
with F. leucopyrus Willd.(14) The results 
obtained show DNA fragmentation in HEp-2 
cells after 24 hour exposure to the plant 
extract, indicating the ability to induce 
apoptosis, which is consistent with the results 
obtained in the comet assay. However the 
experiment was conducted only on malignant 
cells and therefore the effect on healthy cells 
cannot be compared.  
 
Another study showed that the leaves and the  

bark of F.leucopyrus Willd. are rich in a 
number of important phytochemicals such as 
alkaloids, terpenoids, steroids, flavanoids, 
saponins, phenol and glycosides.(13) 
Flavonoids and phenolic compounds have 
been proven to have anti-cancer properties, 
which could be the reason behind the 
genotoxic properties of F.leucopyrus Willd. 
Further investigations are necessary to 
identify the individual components 
responsible for genotoxic properties of 
F.leucopyrus Willd.  
 

Research related to the leaf phenolic 
composition of F.leucopyrus Willd. 
representing different climatic zones have 
clearly shown intra specific variations in 
morphology and the distribution of phenolics 
in leaves.(21) However a significant variation 
was not observed in this study in the samples 
obtained from different climatic zones.  
However a conclusion cannot be drawn in this 
regard, as only a limited number of samples 
were analyzed.  

 

Table 2: Tail (%) DNA of WBC exposed to Flueggea leucopyrus Willd. (30 min). 
  Mean ± SD 

Positive 
control  

Negative 
control  

0.001 mg  
ml-1  

0.005 mg 
ml-1  

0.01 mg 
ml-1  

0.02 mg 
ml-1  

Sample 
FLA 

Trial 1 50.44 ± 
5.60 

24.43 ± 
4.12 

25.68 ± 
2.86 

29.45 ± 
3.57 

36.56± 
3.77 

39.75± 
4.33  

Trial 2 45.00± 
4.83 

22.40 ± 
4.15 

24.22±  
3.60 

27.20 ± 
3.50 

29.13± 
3.80 

31.52 ± 
4.24 

Trial 3 43.14± 
5.23 

15.32± 
3.16 

19.16± 
6.12 

22.10± 
5.23 

27.43± 
5.145 

38.06± 
5.00 

Sample 
FLM 

Trial 1 40.36± 
4.64 

14.45± 
3.67 

29.00± 
4.34 

30.53± 
6.83 

37.24± 
8.47 

39.00± 
5.41 

Trial 2 42.80± 
6.20 

14.61± 
3.97 

22.39± 
3.38 

23.41± 
8.35 

24.32± 
6.33 

24.80± 
5.45 

Trial 3 40.60± 
5.40 

22.50± 
6.15 

24.60± 
6.90 

31.26± 
7.37 

31.50±9 
6.60 

35.04± 
5.85 

Average  FLA 46.20± 
5.22 

20.71± 
3.81 

23.02± 
4.20 

26.24± 
4.10 

31.04± 
4.24 

36.44 ± 
4.52 

FLM 41.25± 
5.40 

17.20± 
4.60 

25.33± 
4.90 

28.40± 
7.52 

31.01± 
7.12 

32.94 ± 
5.57 

Both 43.72± 
5.30 

18.95± 
4.20 

24.20± 
4.53 

27.32± 
5.80 

31.03± 
5.70 

34.70±  
5.04 

FLM, Flueggea leucopyrus Willd. leaves from Maharagama; FLA, Flueggea leucopyrus Willd. leaves from 
Anuradhapura; WBC, White Blood Cells 
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Table 3: Tail (%) DNA of HepG2 cells exposed to Flueggea leucopyrus Willd. (30 min) 
  Mean ± SD 

Positive 
control  

Negative 
control  

0.001 mg 
ml-1  

0.005 mg 
ml-1  

0.01 mg 
ml-1  

0.02 mg 
ml-1  

Sample 
FLA 

Trial 1 62.80 ± 
16.84 

5.87 ± 
1.94 

8.73 ± 
2.34 

10.59± 
2.63 

12.07 ± 
3.93 

28.01 ± 
5.061 

Trial 2 64.04 ± 
15.10 

8.50 ± 
2.46 

9.88 ± 
2.66 

11.16± 
2.55 

13.51 ± 
3.61 

25.63 ± 
11.39 

Trial 3 52.73 ± 
16.82 

10.03 ± 
2.95 

11.14± 
2.22 

12.80 ± 
2.90 

14.50± 
1.81 

19.84 ± 
3.31 

Sample 
FLM 

Trial 1 65.58 ± 
18.67 

5.21 ± 
1.55 

8.40 ± 
2.10 

11.23 ± 
3.28 

12.87 ± 
2.43 

25.38 ± 
5.45 

Trial 2 66.10 ± 
16.32 

13.75 ± 
3.67 

14.05± 
2.73 

15.14 ± 
4.83 

18.70± 
2.63 

24.96 ± 
5.00 

Trial 3 59.75 ± 
16.74 

14.94 ± 
1.95 

16.63± 
2.76 

18.90 ± 
2.95 

19.87 ± 
4.10 

29.21 ± 
6.14 

Average 
 
 
 
 

FLA 59.86 ± 
16.25 

8.13 ± 
2.45 

9.92 ± 
2.41 

11.51 ± 
2.70 

13.36 ± 
3.12 

24.50 ± 
6.60 

FLM 63.81 ± 
17.24 

11.30 ± 
2.40 

13.02 ± 
2.53 

15.10 ± 
3.70 

17.14± 
3.05 

26.52± 
5.52 

Both  61.83 ± 
16.75 

9.72 ± 
2.42 

11.47± 
2.47 

13.30± 
3.20 

15.25± 
3.08 

25.50 ± 
6.06 

FLM, of Flueggea leucopyrus Willd. Leaves from Maharagama; FLA, of Flueggea leucopyrus Willd. leaves from 
Anuradhapura; WBC 
 
Figure 1: Results of images of the comet assay for WBC exposed to Flueggea leucopyrus  
Willd.(30 min). (40X). 
 
 
 
 
 
 
 
 
 
 
 
 
A: WBC exposed to 200 µM H2O2 (positive control) 
B: WBC exposed to HBSS (negative control) 
C: WBC exposed to Flueggea leucopyrus Willd. 0.001 mg ml-1  
D: WBC exposed to Flueggea leucopyrus Willd. 0.005 mg ml-1  
E: WBC exposed to Flueggea leucopyrus Willd. 0.01 mg ml-1  
F: WBC exposed to Flueggea leucopyrus Willd. 0.02 mg ml-1                                       
Figure 2: Results of images of the comet assay for HepG2 cells exposed to Flueggea 
leucopyrus Willd. (30 min) (40X) 

A 

F 

C B 

E D 
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A: HepG2 cells exposed to 50 µM H2O2 (positive control) 
B: HepG2 cells exposed to complete media (negative control) 
C: HepG2 cells exposed to Flueggea leucopyrus Willd. 0.001 mg ml-1  
D: HepG2 cells exposed to Flueggea leucopyrus Willd. 0.005 mg ml-1  
E: HepG2 cells exposed to Flueggea leucopyrus Willd. 0.01 mg ml-1  
F: HepG2 cells exposed to Flueggea leucopyrus Willd. 0.02 mg ml-1  
 

Conclusion 
 
At all concentrations tested extracts of 
F.leucopyrus Willd. was genotoxic to WBC 
(in whole blood) and HepG2 cells. An 
increase in genotoxicity with increasing 
concentration of the extract was observed. 
The effect was more pronounced in WBC 
than HepG2. At doses generally consumed the 
extract appeared to be marginally genotoxic. 
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