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ABSTRACT

Among the major constituents of Leea rubra (Family Vitaceae) leaves, phenolic and flavonoind compounds are
most important for therapeutic purposes and the plant parts have been used in traditional medicine to treat
several diseases for long. Thus, in order to scientifically confirm the traditional uses of the L. rubra leaves, the
present study was designed to investigate the efficacy of the isolated flavones against AAPH induced oxidative
damage to pUC19 DNA by gel electrophoresis and antineoplastic activity was evaluated on Ehrlich ascites car-
cinoma (EAC) bearing Swiss albino mice by evaluating percentage inhibition of cell growth, morphological
changes of EAC cells and hematological parameters of the mice. The isolation was carried out by column
chromatography and structure was revealed by 'H-NMR and !3C NMR. The result shows that, the isolated
compound was identified as myricetin 4’-methoxy-3-O-a-L-thamnopyranoside based on previously reported data.
The isolated flavone effectively inhibited AAPH-induced oxidative damage to DNA; because it could inhibit the
formation of circular and linear forms of the DNA. In anti-proliferative assay, 76% growth inhibition of EAC cells
was observed as compare to the control mice (p<0.05) at a dose 100 mg/kg body weight. Thus the isolated
flavone showed great importance as a possible therapeutic agent in preventing oxidative damage to DNA and the
chronic diseases caused by such DNA damage, and can also become important in cancer chemotherapy.

1. Introduction

Antioxidant enzymes mainly superoxide dismutase, glutathione perox-
idase and catalase prevents and neutralizes these free radicals. But when

Medicinal plants have long been used for treating deadly diseases
like cancer, diabetes and heart diseases because of the presence of
bioactive phytochemical constituents [1]. They also have healing effects
against allergic syndrome, inflammation, oxidative damage, free radical
and DNA (deoxyribonucleic acid) damage [2-4]. Phytotherapy has less
intense side effects than conventional synthetic drugs; and could be used
as an alternative source of therapies.

Reactive oxygen species (ROS) is produced inside the human body
from various chemical reactions, exogenous chemicals, endogenous
metabolic processes and environmental exposition of toxic chemicals.
This oxygen radicals is responsible for cellular damage by inducing lipid
peroxidation of biomolecules especially lipid, protein and DNA [5]. Our
body has inherent mechanism to combat against these free radicals.
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excess amount of free radicals are generated inside the cell this con-
trolling mechanisms fails and leads to the initiation of various human
diseases. Excessive oxidative stress breaks double strand DNA and alters
gene expression and finally mutagenesis [6].

Natural compounds have inherent potential as anticancer drugs and
at present 51% of all the anticancer drugs are directly and indirectly
derived from plant sources. Phenolic and flavonoids present in many
plant species have cytotoxic activities against different leukemic cell
lines [7-10]. Even in recent Covid-19 pandemic, the efficacy of natural
products especially flanonoids is widely being investigated because of
their antiviral and anti-inflammatory efficacy as well as more safety as
compared to the pharmaceutical drugs [11-13].

Leea rubra also called Red tree shrub belongs to the Vitaceae family
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and widely distributed in Australia, Malaysia, Thailand, Bangladesh,
China and India’s tropical and subtropical forest with low-medium
altitude [14]. It is reported that plants belongs to the genus Leea
possess analgesic, anti-diabetic, anticancer, anti-infective, cardio pro-
tective, wound healing, anti-diarrheal, antiulcer, anti-rheumatic,
anthelmintic, antiseptic, anesthetic and anti-tubercular activities. It
also has effectiveness against bronchitis, fever, itching and snake bites.
But only antimicrobial and anti-inflammatory activities were reported
from L. rubra in recent study [15,16].

It is established that L. rubra has medicinal potentials and our
objective is to isolate pure compound from the leaves and determine its
biological properties. So the rationale of his study was to isolate and
characterize compounds from the ethyl acetate leaf extract of L. rubra
and to evaluate antineoplastic activity against EAC cell lines and to
confirm the protecting activity on DNA from oxidative damage.

2. Materials and methods
2.1. Chemicals and reagents

2'-azobis (2-methylpropionamidine) dihydrochloride (AAPH),
agarose, ethidium bromide, bovine serum albumin, gallic acid, catechin,
homovanillic acid, epicatechin, chlorogenic acid, rutin hydrate and
quercetin-3-rhamnoside were purchased from Sigma-Aldrich, St. Louis,
MO, USA. pUC19 plasmid DNA was purchased from Genetix, Bangalore.
India. The other chemicals utilized in the tests were of analytical grade
and purchased from the Sigma-Aldrich and Roche.

2.2. Plant material and preparation of the extract

In September 2016, fresh leaves of Leea rubra were collected from
forests in Bandarban district, Bangladesh. This plant specimen was
authenticated in Botany Department by a taxonomist of University of
Rajshahi. The leaves were preserved in Phytochemistry laboratory in
Pharmacy Department, University of Rajshahi, Bangladesh for further
investigation.

At first the fresh leaves were washed thoroughly by distilled water to
remove unwanted particles, dirt’s and parasites. Then the leaves were
shed dried, crushed into coarse powder by grinding machine, and
extracted by methanol and fractionated sequentially with n-hexene,
chloroform and ethyl acetate. After that chloroform (CF) and ethyl ac-
etate extract (EAF) was filtered through Whatman® No.1 filter paper
and n-hexene extract was discarded. The collected extracts were
concentrated under vacuum on a rotary evaporator (Heidolphrotacool,
Germany) to get thick residue which was used for further study.

2.3. Isolation and characterization of the compound

The extract EAF had potential activity compared to the rest of the
fractions and TLC assay also indicated some distinct and prominent spot
on EAF extract. So that EAF extract was focused for further purification
and separation of bioactive compounds. This extract was fractionated in
a silica gel 60 column chromatography by using n-hexane as mobile
phase. The column was run by n-hexane with increasing percentages of
ethyl acetate and total 304 fractions were collected to identify pure
compound. The fractions which have same spot on TLC plate were
joined together and purified by preparative thin layer chromatography
(PTLC) to separate and identify the target compound. Among the iso-
lated fractions, compound Sz 04 was seems to be pure. Then the struc-
ture of the Sz 04 was interpreted by 'H and '3C NMR (Nuclear Magnetic
Resonance) spectra on Jeol-Ex at 400 MHZ and 100 MHZ; and Fourier-
transform infra-red spectroscopy (FTIR). The structure was compared
with the reported compounds which were found on literature [17-19].
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2.4. Protective effect on oxidative DNA damage

DNA damage index was determined from transformation of super-
coiled plasmid DNA (S-form) to open circular DNA (C-form) following
the formation of linear DNA (L-form). Plasmid DNA (pUC19) was used
for assessing the protective activity of the EAF extract against DNA
damage [20]. At first 10 pg of pUC19 plasmid was added to the different
concentrations of the sample with gallic acid as standard compound.
Subsequently, 2 pl of 25 mM AAPH in PBS (pH 7.4) was added to the
mixture. The resulting mixture was incubated at 37°C for 30 min,
electrophoresed on agarose gel (2%) which contains ethidium bromide
at 0.5 pg/ml concentration. Finally intensities of different band were
analyzed by using gel visualization system and the band intensity was
measured by using GelAnalyzer software (v. 19.1).

2.5. Antineoplastic activity

The Ehrlich’s ascites carcinoma (EAC) cell lines (1 x 106 cells/
mouse) were used to determine tumor cell growth inhibition properties.
The tumor cell were incubated on four group (Group-, I, III & IV) of
Swiss albino mice (n = 4) at day zero. After 24 h of inoculation, treat-
ments were started and continued for the next 7 days. Mouse of group-1I
and Group-III were treated with the isolated pure compound SZ 04 at 25
mg/kg and 50 mg/kg body weight daily dose, and mouse of Group-IV
were treated by bleomycin (Standard anticancer drug) at 3 mg/kg
body weight. Group-I mouse were regarded as control group and did not
received any intervention. The animals were sacrificed on day 7 and
tumor cells (EAC) were collected by repeatedly washing the intra-
peritonial layer with 0.9% saline solution (NaCl). The number of viable
tumor cells (EAC) per mouse of the Group-II and Group-III were
compared with the control group [21].

2.5.1. Experimental tumor and animal model

The transplantable tumor cell line (EAC) was collected from
Department of Biochemistry, University of Rajshahi and cultured in
Pharmacy Department, Rajshahi University. Intra peritoneal route was
used to transplant the tumor cell to the Swiss albino mice. All mice used
in the experiment were collected from Jahangirnagar University animal
breeding centre and all were male mice, hence no variation in effect due
to gender was observed.

2.5.2. Determination of median lethal dose (LDsgp)

The isolated pure compound was injected intraperitoneally in mice
and determined Median lethal dose (LDsg) from the curve of mortality
against at various doses (5, 10, 25, 50, 100 and 200 mg/kg). At the end
of 24 h of experiment morality was recorded [22].

2.5.3. Morphological appearance of EAC cell of control mice and treated
mice

After collecting the cells from treated (by pure compound25 and 50
mg/kg/day) and non-treated EAC bearing mice, morphological changes
of EAC cells were investigated by DAPI (4, 6-diamidino-2-phenylindole)
staining. Visual image was recorded by fluorescent microscope and both
optical and fluorescent images were observed.

2.5.4. Ethics statement

Approval of animal studies was taken from the ethical committee of
Institute of Biological Sciences, University of Rajshahi, Bangladesh in
compliance with the guide for the care and handling of animals in the
laboratory. Institutional Animal, Medical Ethics, Bio-Safety and Bio-
Security Committee (IAMEBBC) for Experimentations on Animal,
Human, Microbes, and Living Natural Sources at University of Rajshahi
approved the trial protocol for using human blood cells (reference
number: 31/320-IAMEBBC/IBSc).
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2.6. Statistical analysis

One-way ANOVA (analysis of variance) was used to analyze the
experimental data followed by multiple comparisons with Dunnett’s
post hoc test by SPSS (Statistical Package for the Social Sciences)soft-
ware, version 16. The results were represented as mean + standard
deviation (SD). P value < 0.05 was considered to determine the signif-
icance of the experimental data.

3. Results

3.1. Spectral analysis of the isolate
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3.2.1. Protection against oxidative DNA damage

In this study, the ability of the isolated compound (flavone) to pro-
tect DNA damage due to oxidation was assessed by studying the band
pattern of pUC19 DNA on agarose gel as shown in Fig. 4. The native
in Lane-1, whereas in lane-2
which was treated with AAPH, the super coil form has been trans-
formed into open circular DNA. The transformation of super coil form
into circular form of plasmid DNA was prevented by the test compound
in a dose dependent manner, which was observed after addition of the
compound in lane 3, 4 and 5 at concentration of 20, 30 and 40 pg/ml
respectively. Here, gallic acid was used as standard at a dose 40 pg/ml.
C-form and L-form of plasmid

super-coiled form of DNA was observed

The intensity of different bands for S-form,
DNA has been shown in fig. 4 (a & b).

The presence of a flavonoid nucleus in the compound (Sz 04) was

indicated from IR spectrum (KBr) of the compound (Sz 04) which

3.3. Antineoplastic activity

showed peaks at 3434 (OH), 2926 (-CH-), 1628 (C=0), 1460 (-C=C-),

1385, 1291, (-C-O- bend), 1193, 1151 (-C-O- stretch), 765, 657, and 602
(-C-H out of plane bending) cm. In addition, characteristic features of a
flavone nucleus with glycosidic bond also revealed from 'H and 3C
NMR spectral data of the isolate [23]. Fig. 1 denotes the 1H.NMR
spectrum of the compound (Sz 04). A distinct meta-coupled doublet
(each J = 2.0 Hz), one at § 6.36 (C-6) and the other at 6.59 (1H, d, 2Hz,
H-8) observed from spectrum analysis which is characteristic features of
protons on A ring of flavone nucleus. Moreover, presence of protons in B
ring or flavone nucleus indicated by one singlet of two protons at &
6.90.13C NMR (Fig. 2) data showed 22 carbon signals and a typical
flavonol & -L.-rhamnopyranoside pattern with characteristics sugar unit
comprising six carbons where § 103.7 (C-1"") is an anomeric carbon and
5 17.8 (C-67") is a methyl carbon of rhamnose unit. All the data estab-
lished the existence of 4’-methoxy myricetin structure and O- rhamno-
pyranoside linkage at C-3 position (137.0). The findings were very
similar and in good agreement with some of the of previous research

Antineoplastic activity of the isolated

with the control mice.

study and data [24-26]. Therefore, compound (Sz 04) was identified as

myricetin 4’-methoxy-3-0-a-.-rhamnopyranoside (Mearnsitrin, Fig. 3).

3.2. DNA damage protection

The protecting effect of the natural compounds against oxidative
damage to the cellular components is widely studied on supercoiled
plasmid DNA with some well established method. The ability of the
compounds to prevent the conversion of supercoiled form (S-form) of
plasmid DNA to circular (C-form) and linear form (L-form) due to free
radical damage is measured as a parameter of protection.

3.3.2. Apoptosis assay

Promoting apoptosis can inhibit the growth of cancer cells by
damaging them. So, damaged cellular components in the cancer cells
after treating with the target compound can prove its ability to promote
apoptosis and effectiveness against cancer. In this study, morphological
EAC-bearing mice and mice
treated with the compound were examined by DAPI staining. EAC cells
of normal group mouse were round, regular with normal shaped nucleus
under fluorescence microscope, whereas in compound treated cells,

changes of EAC cells from non-treated

irregular, fragmented and condensed nucleus
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Fig. 1. Proton NMR spectrum of the compound Sz 04.

flavones was determined by
measuring its capability to prevent EAC cell growth, promote apoptosis
and restoration of normal hematological parameters in the mice model.

3.3.1. Studies on EAC cell growth inhibition

Ability of a compound to prevent the growth of cancer cells in a well
established model like EAC cell is the major indicator to prove the
antineoplastic activity of the compound. So, the antineoplastic activity
of the isolated flavone (myricetin 4’-methoxy-3-0O-a-L-rhamnopyrano-
side) was evaluated by the % of inhibition in cell growth against EAC cell
bearing mice and is shown in Table 1. 64.53 + 4.73% and 37.02 +
6.92% cell growth inhibition was observed with pure compound at doses
of 50 and 25 mg/kg respectively. The anticancer drug bleomycin
showed 85 + 5.2% inhibition of cell growth at 3 mg/kg. The result
designates significant (P<0.05) decrease in cell growth in vivo compared
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Fluorescence and optical microscopic view of EAC cells of treated and
control mice are presented in Fig. 5.

3.3.3. Studies on hematological parameters

Alteration of the hematological parameters i.e.-decreased RBC and
hemoglobin count and increased WBC count is a common morphological
change in cancer patient. So, the hematological parameters of the un-
treated EAC cell bearing mice (negative control) were measured on day
12, where hematological parameters exhibited substantial changes in
comparison with normal mice (P<0.05) and the result is shown in
Table 2. Both hemoglobin content and total RBC count were decreased
but total WBC count was increased. Treatment with the compound (25
and 50 mg/kg) could bring back these altered parameters to normal
values at the same time interval.

The overall results of the above experiment clearly established the
significant protective activity of the isolated flavone against free radical
induced damage to cellular components (DNA) and also exhibited po-
tential antineoplastic activity against EAC cell growth and reduction of
the morphological changes of normal blood cells.

4. Discussion

Plant extracts contain naturally occurring many complex chemical
compounds which are responsible for the biological activity of the ex-
tracts and can act alone or synergistically. Previous phytochemical
studies with the leaves of Leea genus showed an abundance of phenolic
constituents such as flavonoids, leucoanthocyanidins, p-hydroxybenzoic
acid, syringic acid and gallic acid [27]. In our study, myricetin
4’-methoxy-3-0O-a-L-thamnopyranoside, commonly known as mearnsi-
trin was isolated from leaves extract of L. rubra and this the first time
reported isolated compound from this plant. Spectral data of the isolate
revealed characteristic features of a flavone nucleus with glycosidic
bond and is structurally very similar to myricetin which is a common
plant-derived flavonoid. This compound exhibits a wide range of ac-
tivities including antioxidant activity, antineoplastic activity,
anti-diabetic activity and anti-inflammatory activity. The flavonoid
compounds also displayed several other activities that are related to the
central nervous system and numerous studies have suggested that the
compound may be beneficial to protect against diseases such as Par-
kinson’s and Alzheimer’s disease [28,29]. To know the more biological
activity of the isolated compound, we determined in vitro protection of
oxidative damage on DNA as well as anti-proliferative activity on EAC
cells. The results of these experiments showed promising results.

Cellular DNA damage may cause alteration of replication and tran-
scription of DNA and can result in to cell death or mutations. Such
modification of DNA is responsible for aging and various diseases,
including Alzheimer, Parkinson and cancer etc. The use of antioxidants
to protect DNA damage can be beneficial for suppressing oxidative
damage to DNA and thus potentially preventing such chronic human
diseases [30,31]. So, study on DNA damage protection is important to
justify the activity of the natural compounds against the chronic diseases
or accelerated ageing. Here we found the effectiveness of the isolated
flavone to prevent DNA damage induced by AAPH. Free radical from
AAPH reacts with DNA bases generating sugar and base radicals causing
the breakdown of sugar-phosphate backbone resulting in strand breaks
and formation of open circular DNA from super coiled DNA [32]. A
dose-dependent DNA damage protective activity was observed with the
sample. The antioxidant capacity of myricetin 4’-methox-
y-3-O-a-L.-thamnopyranoside at a concentration of 40 pg/ml could
manage oxidative damage protection by inhibiting the excess of free
radicals. Our results are also in line with other authors where, K. Soumya
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Fig. 4. (a & b). Protective effect of the isolated
compound on DNA damage induced by AAPH. Lane-
1: Native DNA, Lane-2: DNA + AAPH, Lane-3: DNA
+ AAPH +20 pg of compound B, Lane-4: DNA +
AAPH+30 pg of compound B, Lane-5: DNA + AAPH+
40 pg of compound B, Lane-6: DNA -+ AAPH+40 pg of
gallic acid. Each lane contains 10 pg DNA. Here, S-
form is the super coiled form of plasmid DNA, C-form
is the open circular form of plasmid DNA and L-form
is the linear form of plasmid DNA.

L-form
C-form
S-form
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Table 1

Effect of compound on viable Ehrlich ascites carcinoma (EAC) cell growth.

Treatment Dose mg/  No of viable EAC cells on day 7 % of Cell growth

Group kg/day after inoculation (x107 cells/ml) inhibition

Control _ 61.14 + 2.23 _

Compound 25 mg/kg  38.97 £ 4.23* 37.02 + 6.92*
50 mg/kg  22.778 + 2.89* 64.53 + 4.73*

Bleomycin 3 mg/kg 13.78 +1.58 85+ 5.2

Data are expressed as mean + SD (n = 5); Analysis of variance followed by LSD
and Dunnett’t post hoc test (IBM-SPSS/20) *P<0.05: Significance difference
with respect to EAC control.

et al. reported the efficacy of flavones (luteolin) isolated from the fruit of
Terminalia chebula against oxidative damage of DNA [33] and reported
that the flavone significantly inhibited the formation of circular and
linear forms of plasmid DNA. Even supercoiled percentage of pUC19
plasmid DNA observed for treatment with the pure compound in our
study is almost higher than other standard antioxidants like catechin,
luteolin, apigenin, quercetin and Kaempferol [34]. In addition, it also
showed similar DNA damage protective activity compared to standard
gallic acid at the same concentration (Fig. 4 a & b). Binding of the
phenolic compound to DNA directly with the phosphate backbone is
considered as the probable mechanisms of protection to DNA [35,36].
The compound could significantly inhibit the formation of the open
circular form in a dose dependent manner as compared to standard gallic
acid. Evidences from literature tell us flavonoids of plants can reduce
DNA damage through inhibition of reactive oxygen species [37]. The
formation of complexes with DNA by the flavonoids to protect the DNA
from oxidative damage has been reported by scientific studies [38].
Since strand breakage of DNA can lead to mutagenesis cytotoxicity and
carcinogenesis [39], this result demonstrated the DNA damage inhibi-
tion potential of this compound, therefore, can be used in cancer
prevention.

So, next we investigated the role of this compound in cell growth
inhibition by in vivo study on EAC cell bearing Swiss albino mice and it
was able to inhibit the growth of EAC cell significantly. The EAC cells
were used as experimental tumor models in the study because of the well
known and wide use of the model in cancer research [40].

To evaluate the cell damaging capability of the isolated compound,
the neoplastic cells collected from the flavone treated mice group were
observed and the cells showed some structural changes with damage in
the inner cell membrane. The cells were also evident with fragmented
nucleus, condensed chromosome and shrinkage under fluorescence
microscope. On the other hand, EAC cells collected from control mice
were normal in appearance (Fig. 5). Thus, it can be said that the com-
pound was able to damage and prevent growth of the tumor cells
because of the morphological changes in cells. This activity may be due
to the enhanced apoptosis in the mice, because lack of apoptosis can lead
to abnormal cell proliferation and cancer development. The change in
morphological and biological parameters like reduction in RBC or % in
hemoglobin and increased WBC count is common during cancer
chemotherapy because of the deficiency of iron or hemolysis due to the
therapy [41]. Similar condition was found in our experimental animals
and the hematological parameters were restored to near normal values
by the therapy with significant recovery of the hemoglobin content; RBC
and WBC count; that indicate the protective action of the compound on
haemopoietic system during cancer chemotherapy. Thus, it can be said
that the isolated flavones from L. rubra posses significant antineoplastic
activity as well as protective activity against chemotherapy induced
damage to blood cells.

So the study was clinically very significant and indicated a great
clinical value of the isolated flavone especially in treating cancer and
other chronic diseases caused by free radical induced damage to the
cellular components. Plant extract containing flavonoid derivatives has
shown such activities by most of the related scientific studies [28]. So
the assumption for a significant anticancer and DNA damage protecting
activity by the isolated flavones has been proved scientifically by the
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Fig. 5. (a—c) Fluorescence and (d-f) optical microscopic observation of EAC cells for control mice and treated mice. (a) Represents fluorescence microscopic view of
control and (b-c) pure compound treated mice cell whereas (d) express the optical microscopic view of control and (e-f) pure compound treated cells. Normal cell
with round shape nucleuses appeared in control group indicated by white arrow in (a); whereas the mice treated with pure compound, condensed nucleus and
fragmentation of cells (apoptotic characteristics) were found in (b) and (c) indicated by white and in (e) and (f) by red arrow, respectively. (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article.)

Table 2
Effect of pure compound on blood parameters of tumor bearing and normal
mice.

Parameter Normal EAC+ EAC+ EAC+ EAC+
Mice Control Compound Compound Belomycin
25 mg/kg 50 mg/kg 3 mg/kg
Hgb(g/dl) 13.89+  8.41+ 10.51 + 11.66 + 12.47 +
0.08 0.19* 0.37% 0.17* 0.19%
RBC (x109 6.15 + 221 + 3.83 + 435 + 5.67 +
cells/ml) 0.094 0.168* 0.165* 0.165* 0.156*
WBC (x10° 8176+ 1207+  64.37 + 36.81 + 26.38 +
cells/ml) 1.12 1.81% 0.92% 2.193% 1.92%

Data are expressed as mean + SD (n = 5); Analysis of variance followed by LSD
and Dunnett’t post hoc test IBM-SPSS/20); *P<0.05: against normal group and
#P<0.05: against EAC control group.

study; and the study also indicated the necessity of further investigation
on the compound to design and develop an effective drug that could be a
safe alternative to many of the currently available anticancer drugs with
remarkable side effects [42]. Along with the above effect, different
studies have reported significant activity of flavonoid derivatives on
central nervous system, psychiatric disorder, digestive function, neuro-
protection, antimicrobial activity etc. [43,44]. So, further investigations
can be made to evaluate such effects of the isolated flavones as source of
potential therapy.

5. Conclusion

The overall Findings of the study shows that, the effectiveness of the

isolated compound myricetin 4’-methoxy-3-O-a-L.-rhamnopyranoside
from the leaves of L. rubra to prevent oxidative damage of DNA has been
found to be very significant. At the same time, its effect on the inhibition
of tumor cell growth and restoring the hematological parameters was
notable and can be a potential candidate for further investigation for
antineoplastic drugs.
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