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Original Article

Preliminary evaluation of In vitro and
In vivo antioxidative and antitumor
activities of flavonoid extract of
Tabernaemontana divaricata leaves

in Ehrlich’s lymphoma and Dalton’s
lymphoma ascites model

ABSTRACT

Aims: In the present study, the flavonoid fraction of Tabernaemontana divaricata flavonoid fraction (TdFf) leaves was investigated
for its in vitro and in vivo antioxidative and antitumor activity.

Subjects and Methods: The flavonoid fraction of ethyl acetate extract was assessed for their in vitro antioxidant activity by
2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS), superoxide radicals,
ferric reducing antioxidant power (FRAP), hydrogen peroxide, hydroxyl radicals and nitric oxide and in vivo antioxidative activity by
enzymic and nonenzymic antioxidants in the liver of intraperitoneally implanted Ehrlich’s lymphoma (EAC) and Dalton’s lymphoma
ascites (DLAs) model. The in vitro cytotoxicity was assessed using trypan blue exclusion assay and /n vivo antitumor activity was
assessed by screening the ILS, serum liver marker enzymes and histopathology of the liver.

Statistical Analysis Used: The data were expressed as the mean + standard deviation of the means, and statistical analysis was
carried out employing one-way and two-way analysis of variance using Web Agri Stat Package 2.0.

Results: The dose-dependent percentage scavenging of ABTS, DPPH, FRAP, OH, superoxide radical, and nonradical NO and H,0,
by TdFf indicated their antioxidative potential. Incubation of EAC/DLA tumor cells with TdFf showed a concentration-dependent
cytotoxic effect, and the extract killed 50% of EAC/DLA tumor cells at a concentration of 80 ug of TdFf. Coadministration of TdFf
with EAC/DLA-induced mice showed a significant increase in the liver enzymic and nonenzymic antioxidants and significant decrease
in the serum liver marker enzymes to prove the in vivo antioxidative and antitumor activity of TdFf. It was also confirmed by the
histopathology of the liver.

Conclusions: It may be concluded that the flavonoid fractions of Td possess considerable antioxidative and antitumorigenic activity
against the tested DLA/EAC in both in vitro and in vivo system.
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INTRODUCTION

Cancer is a disease that is characterized by
uncontrolled division of cells. These cancer cells can
spread by direct growth into adjacent tissue through
invasion or by implantation into distant sites by
metastasis. Cancer annually affects nine million
people and causes deaths around five million." It is
one of the most dreaded diseases of the 20™ century
and spreading further with the continuance

of increasing incidence in the 21 century.?
Nowadays, it is important to give more attention to
identify the plant chemopreventive substances that
are used to inhibit, retard, or reverse the process
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of carcinogenesis.” India is a vast depot of medicinal plants
which are mainly used in traditional medical treatments." It is
reported that the natural products and related drugs are used
to treat 87% of all human diseases including cancer, bacterial
infection, and immune diseases.P!

Majority of the plant active natural products are of
secondary metabolites.l® Flavonoid is one of the secondary
metabolites that play an important pharmacological role
against diseases such as cardiovascular disease, cancer,
inflammation, and allergy." Various studies have indicated
that there is a relationship between flavonoid intake and
reduced risk of certain cancers. In many studies of dietary
prevention of cancer, flavonoids are used to inhibit cancer,
particularly of breast cancer.”! The plant, Tabernaemontana
divaricata (Td) known as Nandhiyavattai in Tamil is an
evergreen plant belonging to the family Apocynaceae. This
plant is conventionally used by people in many parts of the
world to treat various disorders such as abdominal tumors,
arthralgia, asthma, diarrhea, epilepsy, eye infections,
inflammation, leprosy, and edema.*'” Growing evidence
suggests that this plant has medicinal benefits and its
extracts could be used as a pharmacological intervention
in various diseases.!"!! Methanolic extract of Td exhibits the
remarkable gastroprotective effect.'” However, no study
on the antitumor activity of Td has been reported. To verify
and prove the antitumor activity of Td this research work
was carried out.

SUBJECTS AND METHODS

Collection of plant materials and preparation of different
extracts

Td leaves were collected from the various parts of
Coimbatore district, Tamil Nadu. The leaves were dried and
powdered. Ten grams of leaf powder was taken to prepare
the aqueous, ethanol, chloroform, and ethyl acetate extracts
individually."?

Preliminary phytochemical analysis

The condensed extracts were used for preliminary screening
of phytochemicals such as carbohydrates, cholesterol,
proteins, amino acids, alkaloids, saponins, flavonoids,
terpenoids, cardiac glycosides, phenols, steroids, tannins, and
phylobatannins.!'*7

Preparation of flavonoid fractions of selected extracts and
estimation of flavonoids

Flavonoid fractions of selected extracts were prepared by
maceration.”® Total flavonoid contents of the residue of
extracts were estimated by aluminum chloride method.!"!
The flavonoid fraction which showed maximum flavonoid
content was selected for further studies and separated by
High-performance liquid chromatography and referred as Td
flavonoid fraction (TdFf).

Antioxidative potential of Tabernaemontana divaricata
flavonoid fraction

The antioxidative potential of TAFf was evaluated by assessing
the scavenging of 2,2-diphenyl-1-picrylhydrazyl (DPPH),?
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)
(ABTS),?! superoxide radicals,? ferric reducing antioxidant
power (FRAP),® hydrogen peroxide,?¥ hydroxyl radicals,?!
and nitric oxide® using different concentrations.

Antitumorigenic effect (in vitro and in vivo) of Tabernaemontana
divaricata flavonoid fraction against Ehrlich’s lymphoma
ascites and Dalton’s lymphoma ascites tumor cells

Animals

Swiss albino mice weighing 25-30 g of either sex were used
in this study. They were procured from Amala Cancer Research
center, Thrissur, Kerala. The animals were acclimatized for
15 days under laboratory conditions. They were housed in
polypropylene cages and maintained at 27°C + 2°C. They
were fed with standard mice feed, and water ad libitum was
provided. The bed in the cages was changed thrice a week
to maintain hygeinicity and maximum comfort for animals.
Ethical clearance was obtained from the Institutional Animals
Ethical Committee before the beginning of the project work
for handling the animals (IAEC.2015.BC: 02).

Tumor cell lines maintenance

The tumor cell lines were procured from Amala Cancer
Research Centre, Thrissur, Kerala. In mice, the tumor cells were
propagated by intraperitoneal transplantation of 1 X 106 cells
in 100 ml of phosphate buffered saline (PBS) after acclimatized
it for 2 weeks. The bulging in the intraperitoneal cavity
was seen in the mice, and the cells were drawn from the
intraperitoneal cavity after 10-15 days using a syringe and
used for the in vitro studies.

In vitro cytotoxic studies

In vitro cytotoxic studies were carried out by trypan blue
exclusion method.?” Ascitic fluid was taken from the peritoneal
cavity of Ehrlich’s lymphoma ascites (EAC)/Dalton’s lymphoma
ascites (DLA) inoculated mouse and washed with PBS. The stock
cell suspension was adjusted to 1 X 10° cells by the same PBS
using hemocytometer. The cells were then incubated with
TdFf in a final volume of 1 ml for 3 h at room temperature.
After incubation, 0.1 ml of trypan blue was added and mixed
well in the incubation mixture. The total number of dead
and live cells was counted using a hemocytometer, and the
percentage viability/cytotoxicity was calculated. The fraction
which showed the minimum concentration of flavonoid as
EC_ was selected for the in vivo studies.

In vivo studies

In vivo studies were carried out by the intraperitoneal
administration of EC,  of TdFf to assess their antitumorigenic
effect. The mice were divided into eight groups with six
mice in each. The study was conducted for 15, 30, 45, and
60 days. At the end of the study, the mice were sacrificed after
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overnight fasting. The blood of the animals was collected by
heart puncture and the serum separated was used for the
estimation of liver marker enzymes. The liver was dissected,
blotted of blood, and washed with PBS of pH 7.2 and used for
the histological study. A portion of the liver homogenate using
PBS was prepared and used for the determination of enzymic
and nonenzymic antioxidants. A part of the liver homogenates
using Tris HCL was prepared for the assessment of the rate of
lipid peroxidation.

Antitumor effect of Tabernaemontana divaricata flavonoid
fraction by percentage of mortality rate

In this, four groups of mice, namely, EAC, DLA-induced mice,
coadministration of EAC and DLA with TdFf were used. The
mortality rate of the animals due to tumor was noted, and
the increase in the percentage of lifespan was calculated.?®!

Liver marker enzymes in serum
Glutamic oxaloacetic transaminase and glutamic pyruvic
transaminase were assayed® and alkaline phosphatase.*

Enzymic and nonenzymic antioxidants in the liver
Enzymic antioxidants such as catalase (CAT),*" superoxide
dismutase (SOD),” and glutathione peroxidase (GPx)"*! were
assessed in the liver. The levels of the nonenzymic antioxidants
such as Vitamin A, E®* and reduced glutathionel were also
assessed in the liver homogenate.

Lipid peroxidation in the liver
The level of TBARS was assessed® using the 0.1 ml of the

homogenated liver.

Table 1: Phytochemical constituents of Td

Phytochemical Ethyl Chloroform Ethanol Aqueous
constituents acetate

Carbohydrate - + + +
Cholesterol + + - +
Protein + + +
Aminoacid + + - +
Alkaloid + + - +
Flavonoid + - + +
Terpenoid - - - -
Cardiac glycoside + + + +
Phenol + + + +
Glycosides + + + +
Tannin + + + +
Steroid + + + +
Saponin - + + -
Phlobatinin + + - +

Td=Tabernaemontana divaricata, (+) presence, (-) absence

Histological status of liver

The liver sample from the mice administered with TdFf
and their controls were fixed in 10% formalin and then
embedded in paraffin. Microtome sections of 6 um thickness
were prepared from each portion of liver and stained with
hematoxylin-eosin for histopathological observation.®

Statistical analysis

The data were expressed as the mean =+ standard deviation of
the means and statistical analysis was carried out employing
one-way and two-way analysis of variance using Web Agri
Stat Package 2.0 (Himedia, Mumbai, Maharashtra State, India).

RESULTS

Phytochemical Screening of Tabernaemontana divaricata
leaves

Phytochemical analysis was carried out in four different
extracts, namely, aqueous, ethanol, ethyl acetate, and
chloroform. It revealed the presence of various secondary
metabolites such as alkaloids, flavonoids, terpenoids,
glycosides, steroids, tannins, saponins, and phlobatinins as
given in Table 1. However, the ethyl acetate extracts of Td was
present in ethyl acetate, ethanol, and aqueous.

Total flavonoid contents of various extracts

Flavonoid was absent in chloroform extract so that the
quantification was carried out only for the three leaf extracts
namely ethanol, ethyl acetate, and aqueous extracts. These
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Figure 1: Flavonoid content of Tabernaemontana divaricata

Table 2: Average life span of DLA and EAC tumor induced mice treated with TdFf

Groups EC50 in pg 100pl Average number of mice surviving after transplantation of Average Percentage ILS
g.b.wt 1 x 106 cells tumor cells (days) life span (T-C)x100C
10 20 30 40 50 60

DLA - 6/6 4/6 0/6 0/6 0/6 0/6 20 -

EAC - 6/6 4/6 0/6 0/6 0/6 0/6 20 -

TdFf + DLA 80 ug 6/6 6/6 6/6 5/6 5/6 4/6 46 130

TdFf + EAC 80 ug 6/6 6/6 6/6 5/6 5/6 4/6 46 130
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Figure 2: Percentage scavenging activity of Tabernaemontana divaricata flavonoid fraction

were determined against the standard flavonoids quercetin,
kaempferol, and myricetin.

Figure 1 shows the flavonoid content for the three extracts. In this,
the highest flavonoid content is present in ethyl acetate extract
of Td leaves. Hence, further analysis of free radical scavenging
activity was performed in ethyl acetate extract of Td leaves alone
and was separated by HPLC which is denoted as TdFf.

Antioxidative potential of Tabernaemontana divaricata
flavonoid fraction

The dose-dependent percentage scavenging of ABTS, DPPH,
FRAP, OH, superoxide radical, and nonradical NO and H,0,
by TdFf indicated their antioxidative potential as shown

in Figure 2. The hydroxyl radical is extremely reactive and
can attack many cell constituents including lipids, nucleic
acids, and proteins. The dose-dependent scavenging of the
hydroxyl radical by TdFf may be due to their antioxidative role
which may prevent the carcinogenic and lipid peroxidation.
The dose-dependent scavenging of NO may be due to the
antioxidative role of the flavonoids which may prevent all
effects of excessive nitric oxide generation.

Invitro and in vivo antitumorigenic effect of Tabernaemontana
divaricata flavonoid fraction against Ehrlich’s lymphoma
ascites and Dalton’s lymphoma ascites tumor cells

In vitro cytotoxic studies

Incubation of EAC/DLA tumor cells with TdFf showed
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Figure 4: Liver marker enzymes in the serum of control and experimental groups
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Figure 5: Enzymic antioxidants in the liver of control and experimental groups

treated with TdFf and silymarin is shown in Figure 4. The liver
marker enzymes activity of TdFf administered mice showed a
significant decrease on all treatment periods when compared
to 15 days treatment period. Coadministration of TdFf to DLA
and EAC tumor-induced mice showed a significant decrease in
liver marker enzymes in all treatment periods when compared

to 15 days treatment period of DLA and EAC tumor-induced
mice.

DLA and EAC tumor-induced mice showed a significant
increase in liver marker enzymes activity when compared
to all the controls and other experimental groups in 15 days
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Figure 6: Levels of lipid peroxide in the liver of Swiss albino mice

treatment period. The levels of liver marker enzymes were
found to be significantly increased in DLA and EAC tumor
cells induced mice and indicated the membrane damage,
whereas TdFf treatment in tumor cells induced mice showed
a significant decrease in the liver marker enzymes activity
and indicated their protective role against DLA and EAC
tumor-induced toxicity.

Effect of Tabernaemontana divaricata flavonoid fraction on
the activities enzymic and nonenzymic antioxidants in the
liver of swiss albino mice

The enzymic and nonenzymic antioxidants activities were
found to be significantly increased in the mice administered
with TdFf when compared to PBS control mice in 15, 30, 45, and
60 days treatment periods. Compared to standard antioxidant
silymarin, TdFf administration showed a significant increase
in the enzyme activities on all the experimental periods.
Coadministration of TdFf in DLA and EAC induced mice also
showed significant enhanced activity in all the treatment
periods when compared DLA and EAC induced mice. As the
treatment period increased, the activity of them was also found
to be increased as presented in Figure 5 and Table 3.

The administration of TdFf exhibited a significant increase in
the levels of all the nonenzymic antioxidants, and it clearly
indicated that TdFf is a very good inducer of enzymic and
nonenzymic antioxidants.

Effect of Tabernaemontana divaricata flavonoid fraction on
lipid peroxidation in the liver of Swiss albino mice

The level of lipid peroxides in the liver was found to be
significantly decreased in all the treatment periods by the
administration of TdFf when compared to PBS control.
The level of lipid peroxides in the standard antioxidant
treated mice was found to be significantly decreased when
compared to their control mice on all treatment periods. The
mice transplanted with DLA and EAC tumor cells showed a
significant increase in lipid peroxides when compared to the
controls and experimental groups in 15 days treatment period.
Coadministration of TdFf to DLA and EAC tumor-induced mice
showed significantly decreased levels of lipid peroxide in the
liver when compared to the tumor-induced mice on 15 days

treatment period. Both flavonoid fractions administration
showed more significantly decreased levels of lipid peroxide
in all treatment periods than that of silymarin administered
mice as shown in Figure 6.

Effect of Tabernaemontana divaricata flavonoid fraction on the
histological status of the liver in Dalton’s lymphoma ascites
and Ehrlich’s lymphoma ascites challenged mice
Histological examination of tissues indicated the malignant
changes observed in the DLA and EAC tumor-induced liver
sections as shown in Plate 2. PBS: Liver parenchyma with
normal central vein and blood vessels. Paraffin Oil: Hepatic
cells nuclei were found to be normal. DMSO: the Normal
architecture of portal triads, sinusoids, Kupffer cells and central
vein. Silymarin: Normal with congestion of blood vessel.
The occasional tract contains mononuclear inflammatory
cells. Swollen hepatocytes and prominent Kupffer cells were
observed in the lobules. TdFf: Portal triad and central vein
were found to be normal with swollen hepatocytes and some
with enlarged nuclei in the lobular region. TdFf + DLA: The
portal triads, parenchyma with nuclei of hepatic cells were
found to be normal with marked sinusoidal and central vein
congestion. TdFf + EAC: The portal triads, parenchyma with
nuclei of hepatic cells were found to be normal with marked
sinusoidal and central vein congestion. DLA and EAC: Dilated
central vein was found. The portal triad showed a collection
of lymphocytes, slight enlargement and macrovesicular
fatty changes in the hepatocytes, dilated sinusoidal spaces
containing lymphocytes, vacuoles filled hepatocytes with
nuclear changes including necrosis.

DISCUSSION

The presence of many important secondary metabolites
indicates that the plant possesses high profile values and
can be used to treat various diseases. It gives important
information about the different phytoconstituents present
in the extracts to help the future investigators regarding the
selection of the particular extract for further investigation
of isolating the active principle.” Flavonoids are one of the
varied and prevalent groups of natural compounds that are
probably the most important natural phenolics. They are very
key constituents of plants because of the scavenging aptitude
conferred by their hydroxyl groups. They may contribute
directly to antioxidative action. In humans, daily consumption
of flavonoid-rich fruits and vegetables inhibits mutagenesis
and carcinogenesis.*

DPPH is one of the few stable and commercially accessible
organic nitrogen radicals.*!! A stable ABTS radical cation,
which has blue—green chromophore absorption, was produced
by oxidation of ABTS with potassium persulfate before the
addition of antioxidants.” The antioxidant activity of the
natural products is determined by the decolorization of the
ABTS, by measuring the absorbance at 734 nm."? The hydroxyl
radical scavenging assay allows assessment of abilities of
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DLA+TAFf

Plate 2: Histological status of the liver

extracts to exert pro-oxidant action, scavenge hydroxyl
radicals generated by Fenton systems, and assessment of
abilities to chelate metal iron." FRAP assay measures directly
the ability of antioxidants to reduce a ferric tripyridyltriazine
complex (Fe**-TPTZ) to the ferrous complex (Fe?*-TPTZ).1* The
antioxidative efficacy may be due to the flavonoids of the ethyl
acetate extracts of Td.

Cytotoxicity is based on the principle that live cells possess
intact cell membrane that excludes the dye while the dead
cells do not and have blue colored cytoplasm under light
microscope.* The study was supported by researchers who
showed maximum cell cytotoxicity effect to DLA tumor
cells of four ayurvedic herbs such as Curcuma longa L.,
Ocimum sanctum L., Tinospora cordifolia (Wild) and Zizyphus
mauritiana.*”! An author revealed the potent antitumorigenic
effect of aqueous extract of Areca catechu.*®! Similar work also
reported the cytotoxic effect of methanolic extracts of stem
and rhizomes of Berberis aristata and Hemidesmus indicus in
MCE-7 breast cancer cell line.*!

By the administration of the methanolic extract of Plumeria
alba leaves, there is an increase in the lifespan of DLA and EAC
against Swiss albino mice.”” Similar antitumor properties of
Jasminum sambac (Linn) was investigated in vivo and in vitro
using Dalton’s ascites lymphoma model®” and methanolic
extract of Argemone mexicana Linn against the Hela and
MCEF-7 cells.

In one study, an author reported that the methanolic extract
of Costus pictus showed a significant decrease in the ALP, AST
and ALT levels in the serum of rats.®? In a study, they also
investigated the similar significant decrease in the activity
of AST, ALT, and ALP by the leaf extract of Cordia macleodii
treatment in the rat.”® The activity of ALT was significant
decreases in the serum of EAC tumor burden and by the
coadministration of protein fraction to EAC tumor-induced
mice.**%

The methanolic fraction of Jatropha curcas was found to
normalize the decreased activities of SOD, CAT, GPx, GST,
and GR in hepatic carcinoma induced rats."® Administration
of Cynodon dactylon leaf protein also enhanced the levels of
nonenzymic antioxidants (Vitamin A, Vitamin E, and GSH) in
EAC-induced mice."

The methanolic extract of the plant Hedyotis corymbosa
significantly reduced the accumulation of lipid peroxides in
rat liver homogenate."® Researchers found decreased levels
of TBARS in serum, liver and in kidney in DLA tumor-induced
mice treated with a methanolic extract of the bark of Careya
arborea Roxb. The methanolic extract of the whole plant of
Amaranthus spinosus showed potent hepatoprotective activity
against carbon tetrachloride induced hepatic damage in rats
and significantly altered malondialdehyde levels./*

Histopathological examination of heart, kidney, and liver of
the low-dose and mid-dose drug-treated groups showed no
significant changes in the cytoarchitecture of any organs
studied in both the kidney and liver.* It may be concluded
that the flavonoid fractions of Td exhibited EC_ value of 80 ug
in 100 pl of PBS that possesses considerable antioxidative and
antitumorigenic activity against the tested DLA/EAC in both
in vitro and in vivo system which offers a future study for the
development of drug designing and also justifies the medicinal
values of the plants.
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