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ABSTRACT
Introduction and Aim: Preeclampsia (PE), a condition associated with incomplete trophoblast invasion leads 
to redox status alteration. Effective strategies for the management of PE without any side effects are lacking, 
and the available synthetic drugs seem to cause harmful effects to mother and fetus. Herbal supplements may 
help to overcome the clinical manifestations of PE, need of the hour. Piper betle (PB) leaf contains several 
biologically active compounds with protective effects. However, the effect of PB for the treatment of hyperten-
sive disorder like preeclampsia is seldom explored. Extracts of betle leaf-BLE (aqueous-ABLE, PBS-PBLE, 
saliva-SBLE, diastase-DBLE) are utilized to examine its effect on redox changes in placental trophoblast.

Materials and Methods: Three different concentrations of BLE were used to evaluate the optimal concentra-
tion having potent radical scavenging activity. Following this, incubation time exhibiting maximum efficiency 
was standardized by analyzing the trophoblast viability upon incubation with BLEs at the optimum concen-
tration of 1mg/mL.

Results: All the extracts of BL (1mg/mL/1h) showed variations in their radical scavenging activity in the 
order as follows SBLE>DBLE> PBLE>ABLE. It inferred that SBLE is more efficient in modulating redox 
status in preeclamptic placental trophoblast which is followed by DBLE, may be due to the presence of anti-
oxidants in saliva.

Conclusion: Reveals that chewing of the betle leaf during pregnancy facilitates a significant change in the 
oxidants-antioxidants status in the trophoblast. Hence dietary supplementation of BL orally in particular by 
chewing might effectively render beneficiary effect in the management of oxidative stress and also help to 
overcome the other related complications of PE.
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INTRODUCTION

Trophoblasts, the major cell type of the placen-
ta, attach to and invade into the uterine lining, 
begin the process of pregnancy. Trophoblasts 

have a potent invasive capacity which is modulated 
by endometrium. Recent studies have shown that in-
vasion of cytotrophoblast into the uterus is a unique 
differentiation pathway for proper implantation (1). 
Researchers revealed that any abnormalities in tro-
phoblast reflect the changes in the placenta leading 
to pregnancy complications like preeclampsia (2). 
Preeclampsia is a hypertensive disorder that devel-
ops after twenty weeks of pregnancy and associat-
ed with the defective manifestation of the placen-

ta. It is the second most frequent cause of death in 
pregnant women, and 10-15% of maternal deaths 
are due to preeclampsia and eclampsia (3) leading 
to severe complications for mother and fetus, espe-
cially premature births. In the mother, preeclampsia 
may cause premature cardiovascular disease, such 
as chronic hypertension, ischemic heart disease, and 
stroke, later in life (4). Moreover, failure in prop-
er placental development leads to inadequate fetal 
nutrition resulting in growth-restricted neonates (5) 
and increased oxidative product with low antioxi-
dant level. 

Subsequently altered redox status is the key factor 
involved in the development of preeclampsia; sup-
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ialdehyde (MDA) and lipid hydroperoxides (LHP). 
To protect the cells from free radicals induced oxi-
dative stress, living systems have developed strong 
defense mechanisms that include antioxidants and in 
extreme conditions by signaling molecules (16). The 
sum of endogenous and food-derived antioxidants is 
represented by the total antioxidant activity (TAC) of 
the system which is a measure of both water-soluble 
such as and fat-soluble antioxidants (17). Such an 
oxidative imbalance in trophoblast ultimately results 
in abnormal placentation and placental dysfunction 
leading to preterm delivery (18) and other clinical 
complications of PE. Herbal supplements may be 
the only solution to overcome the manifestations of 
preeclampsia. 

The present study was aimed to investigate the free 
radical scavenging activity of various extracts (aque-
ous, PBS, saliva and diastase) of P.betle L. Free 
radical scavenging activities of the extracts were 
assessed against DPPH and hydroxyl radicals and 
to evaluate the effective role of various extracts of 
BL on normotensive and preeclamptic placental tro-
phoblast assessment of viability, oxidant/antioxidant 
status were performed, which has not been previous-
ly reported.

MATERIALS AND METHODS
Collection and Authentication of P.betle

P.betle plant saplings were purchased from Tamil-
nadu Horticulture Institute, Chennai and the plants 
were grown in a well-defined soil and packed in a 
pot with appropriate water and sunlight.  The young 
leaves were collected from the grown plant and au-
thenticated by the Siddha Central Research Institute, 
Chennai (Central Council for Research in Ayurveda 
and Siddha, New Delhi, under the Ministry of Health 
& Family Welfare, Government of India). 

Preparation of Betle Leaf Extracts

Aqueous betle leaf extract was prepared by boil-
ing 10% (w/v) leaves the deionised distilled water 
and allowed to concentrate to about 90% (w/v). The 
leaves were sieved out and the crude aqueous ex-
tract obtained was filtered. 1mL aliquots of the crude 
extract were dried over night using speed vacuum 
concentrator. The dried pellets of the crude aqueous 
extract samples were refrigerated at -40oC until fur-
ther use. The pellets were then weighed, dissolved 
and diluted to suitable concentration as mentioned 
below.  

plementing women with antioxidants during preg-
nancy may help to counteract oxidative stress and 
thereby prevent or delay the onset of preeclampsia 
(6) Since many of the synthetic drugs are known to 
stimulate deleterious effects, natural plant extracts 
are believed to initiate beneficiary effect on pregnant 
women.  P.betle may be one such plant that may 
facilitate the placental cell to counter the oxidative 
stress created during preeclampsia.  

Betle leaf is a well-known ethnomedicinal plant 
consumed in the Asian countries (7). It is a heart 
shape leaf comes under the family Piperaceae, and 
its botanical name is Piper betle (8). The plant leaf 
has wide variety of secondary metabolites such as 
phenolic compounds (chavicol, hydroxyl chavicol), 
volatile oils like safrole, eugenol, isoeugenol, euge-
nol methyl ester (9) According to Dorman et al. (10) 
chavibetol, eugenol, methyl eugenol and carvacrol 
of BL plays a crucial role in antioxidant effectual-
ness.  Rathee  (11) also reported on the O2-. radicals 
scavenging activity betle leaf due to the presence 
allylpyrocatechol. This was further confirmed by 
Sripradha (12) that treatment with BL elevates the 
level of antioxidants. The plant leaf exerts various 
pharmacological activities like antimicrobial, anti-
diabetic, antioxidant, hepato-protective, antitumor, 
antimutagenic and antihelminthic activities (13).  
However, the facilitating effect of betle leaf on hy-
pertensive disorder like preeclampsia is seldom ex-
plored. 

The practice of chewing betle leaf is common after 
a feast and even after normal food renders complete 
digestion, and it also acts as prophylaxis for diges-
tion (14). When betle leaves are chewed, it induces 
salivation. Saliva secretion comprises 99% water, 
small quantities of various organic and inorganic 
compounds, bacteria, epithelial cells and gingival 
fluid. In addition to its other host-protective quali-
fications, saliva constitutes the first line of defense 
against free radical-mediated oxidative stress, since 
the process of mastication and digestion of ingested 
foods promotes a variety of reaction. The antioxi-
dant defense system of saliva includes various mole-
cules and enzymes (15), and the major enzyme may 
be diastase. 

An imbalance in the level of antioxidant defense sys-
tems and the generation of reactive oxygen species 
(ROS) leads to oxidative stress ultimately resulting in 
the damage of macromolecules and indicators of this 
includes lipid peroxidation products such as malond-
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Different concentrations of BLE (1, 2 and 3mg/ml) 
were prepared with distilled water, PBS of pH 7.4, 
0.1% diastase and 1:10 diluted saliva. The isolated 
trophoblasts of normotensive and preeclamptic pla-
centa were incubated with various concentrations 
of BLE at different time intervals (1h, 2h, and 3h). 
Following the incubation, cell viability was assessed 
and the effective concentration (1mg/ml and 1h) at 
the time having maximum efficiency was utilized for 
further studies.  

Selection of Subjects

The study was carried out for a period of 6 months. 
The placental samples were obtained from a private 
hospital at Chennai. Informed consent was obtained 
from the subjects, and the study was approved by 
Ethical Committee (IEC/S/BWC/0610/ 2014). Pla-
centa was collected from both normal (n = 10) and 
preeclamptic (n = 10) pregnant women in the age 
group of 20-40 years, post delivery. Patients with 
preeclampsia were defined by the following labo-
ratory criteria: blood pressure greater than 140/90 
mmHg but less than 160/110 mmHg, proteinuria > 
300 mg/L, and xanthine oxidase activity of approx-
imately 2.6 units/ mg protein. Patients with severe 
preeclampsia and other severe maternal complica-
tions were excluded from the study.

Isolation of Trophoblast

Third-trimester villous trophoblast cells, which 
were used for the comparison, were isolated from 
term placentas by the method of Douglas (19). Brief-
ly, placental villi were cut and thoroughly washed 
to remove blood. After that, they were incubated 
for four times in a digestion medium composed of 
HBSS, containing trypsin and deoxyribonuclease 
at 37°C for 30 min in a water bath with continuous 
shaking. The dispersed cells were layered on the top 
of a discontinuous 5%–70% percoll gradient and 
centrifuged at 507 Xg for 25 min. The intermediate 
layers (density between 1.048 and 1.062) containing 
cytotrophoblast cells were removed and washed, and 
the cell viability was determined by trypan blue ex-
clusion. Following trophoblast isolation, cells were 
seeded at a density of approximately 1.6 × 106 cells 
per well in 6-well plate. The complete culture me-
dium constituted of M199, 2 mM glutamine, 10% 
FBS. All the experiments were performed on the 
same day of trophoblast isolation to overrule the in-
fluence of the cultivation process.

2,2-Diphenyl-1-Picrylhydrazyl (DPPH) Radical 
Scavenging Activity

DPPH radical scavenging ability was determined by 
the method of Viturro et al. (20). The scavenging ac-
tivity was expressed as mg/mL.

Hydroxyl Radical Scavenging Assay

Hydroxyl radical scavenging activity of the extracts 
was determined according to the method reported by 
Klein et al. (21).

Assessment of Cell Viability

The viability of the isolated trophoblast was assessed 
by trypan blue exclusion method (22).  Briefly, 10 
μL of the isolated cells was mixed with 0.4% trypan 
blue solution and was allowed to react for 5 min in a 
moist chamber. The viable unstained cells were then 
counted using a hemocytometer. The results were 
expressed as % of viability.

Estimation of Lipid Peroxide (LPO)

LPO was determined by thiobarbituric acid (TBA) 
reaction using the method of Ohkawa et al. (23). The 
LPO content was expressed as nanomoles of MDA/ 
mg of protein. 

Estimation of Total Antioxidant Capacity (TAC)

TAC analysis was performed by the method of Pri-
eto et al. (24). The total antioxidant activity was ex-
pressed as Trolox equivalent in mmol/L.

Statistical Analysis

Data were analyzed using statistical software pack-
age version 7.0. Student’s t-test was used to ascer-
tain the significance of variations between normo-
tensive and preeclamptic placental trophoblast. All 
data were presented as mean ± SD. Differences were 
considered significant at p < 0.05, p < 0.01, and p < 
0.001.

RESULTS 
Figure 1: 2,2-Diphenyl-1-Picrylhydrazyl (DPPH.) 
radical scavenging activity of different extracts of 
Piper betle.  Values are mean ± SD 

ABLE: Aqueous extract of betle leaf; PBLE: Phos-
phate buffered saline extract of betle leaf

DBLE: Diastase extract of betle leaf; SBLE: Sali-
vary extract of betle leaf
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Figure 1 represents the DPPH radical scavenging ac-
tivity. The scavenging activity of various extracts of 
betle leaf in a dosage-dependent manner was char-
acterized by increasing scavenging activity with 1% 
concentration. The extracts radical scavenging activ-
ity were effective in the order was found to be SBLE 
> DBLE > PBLE > ABLE. SBLE exhibited strongest 
DPPH radical scavenging activity compared to other 
extracts. All the extracts of P.betle, when added to 
the reaction mixture scavenge hydroxyl radicals in 
a concentration-dependent manner.  Vitamin C was 
taken as control showed highest antioxidant power 
in the present study. 

Figure 2: Hydroxyl (.OH) radical scavenging ac-
tivity of ABLE, PBLE, DBLE and SBLE.  Values 
are mean ± SD

centration of various extracts of P.betle was found 
to be the effective concentration having the signif-
icant radical scavenging property, and the SBLE is 
the most efficient.

Figure 3: Inner Figure 3 represents the Viabili-
ty of normotensive and preeclamptic placental 
trophoblast. Outer figure shows effect of ABLE, 
PBLE, SBLE and DBLE on the viability of nor-
motensive and preeclamptic placental tropho-
blast at different time intervals and the values are 
expressed as means ± SD (n = 10) and the “p” 
values are given in Table 1.

NT, normotensive placental trophoblast; PE, pre-
eclamptic placental trophoblast.

ABLE: Aqueous extract of betle leaf; PBLE: Phos-
phate buffered saline extract of betle leaf

DBLE: Diastase extract of betle leaf; SBLE: Sali-
vary extract of betle leaf

Figure 3: Inner figure represents the ability of pla-
cental trophoblast to maintain cell viability assessed 
by Trypan blue staining. Cell viability in preeclamp-
tic placental trophoblast was decreased, which is 
proved by 80% viable cells when compared to nor-
motensive placental trophoblast, where 95% viable 
cells were observed. It represents the 16% difference 
between normotensive and preeclamptic placental 
trophoblast viability.
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phate buffered saline extract of betle leaf

DBLE: Diastase extract of betle leaf; SBLE: Sali-
vary extract of betle leaf

Hydroxyl radical is the most reactive oxygen cen-
tered species and causes severe damage to the adja-
cent biomolecule. The scavenging of the hydroxyl 
radicals may be due to the presence of a hydrogen 
donating ability phenolic compounds in the extracts. 
The decreasing order of hydroxyl radical scavenging 
activity of the extracts (Figure 2) was found to be 
SBLE > DBLE > PBLE > ABLE. SBLE and DBLE 
exhibited highest DPPH radical scavenging activity 
compared to other extracts. 

From the radical scavenging activities, 1mg/mL con-
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Figure 3: Outer figure represents the effective dura-
tion of incubation of the isolated normotensive and 
preeclamptic placental trophoblasts with 1 mg/ml of 
different BLE (ABLE, PBLE, DBLE and SBLE) at 
different times of incubation (1hr, 2hrs and 3hrs) and 
the effective time of incubation was standardized. 
Percentage of significance for the comparative anal-
ysis is given in Table 1
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Table 1: Percentage of Significance for the Com-
parative Analysis for Figure 3

Figure 5: Level of TAC in normotensive and pre-
eclamptic placental trophoblast with and without 
SBLE. Values are expressed as means ± SD (n = 
10).

Comparision NT/PE

1h 2h 3h 1h 2h 3h 1h 2h 3h 1h 2h 3h

15.7895 24.2105 31.5789 12.6316 21.0526 28.4211 1.05263 7.36842 11.5789 4.21053 13.6842 22.1053

p<0.05 p<0.01 p<0.001 p<0.05 p<0.01 p<0.01 NS NS p<0.05 NS p<0.05 p<0.01

p<0.05 28.75 41.25 51.25 23.75 38.75 47.5 2.5 10 22.5 11.25 25 37.5

p<0.01 p<0.001 p<0.001 p<0.01 p<0.001 p<0.001 NS NS p<0.01 p<0.05 p<0.01 p<0.001

with DBLE

NT

PE

15.7895

with ABLE with PBLE with SBLE

Values represent the percentage of significance for 4 
different extracts (ABLE, PBLE, SBLE and DBLE) 
at a different time interval (1h, 2h and 3h) between 
normotensive and preeclamptic placental tropho-
blast. In the table, a column filled with dark grey 
demonstrates the effective incubation time in pre-
serving the cell viability. DBLE secured the second 
position in preserving cell viability. Other two ex-
tracts ABLE and PBLE were found to be moderately 
efficient in preserving cell viability.

Figure 4 : Level of LPO in normotensive and pre-
eclamptic placental trophoblast with and without 
SBLE. Values are expressed as means ± SD (n = 
10).

NT, normotensive placental trophoblast; NTSBLE, 
normotensive placental trophoblast with SBLE; PE, 
preeclamptic placental trophoblast; PESBLE, pre-
eclamptic placental trophoblast with SBLE. 

#p < 0.001 when compared to normal trophoblast 
without SBLE. 

*p < 0.01 when compared to preeclamptic tropho-
blast without SBLE.  

NS not significant when compared to normal tropho-
blast without SBLE.

The extent of lipid peroxidation was determined by 
measuring the release of MDA Figure 4, the level 
of MDA was significantly higher in preeclamptic 
placental trophoblast by 60% (p < 0.001) than nor-
motensive placental trophoblast. In preeclamptic 
placental trophoblast, SBLE significantly decreased 
the level of MDA by 29% (p < 0.01) when compared 
to preeclamptic placental trophoblast without SBLE.
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NT, normotensive placental trophoblast; NTSBLE, 
normotensive placental trophoblast with SBLE; 
NTC, normotensive placental trophoblast with Vi-
tamin C; PE, preeclamptic placental trophoblast; 
PESBLE, preeclamptic placental trophoblast with 
SBLE; PEC, preeclamptic placental trophoblast with 
Vitamin C. 

#p < 0.001 when compared to normotensive tropho-
blast without SBLE. 

*p < 0.01 when compared to preeclamptic tropho-
blast without SBLE. 

@p < 0.05 when compared to preeclamptic tropho-
blast without SBLE. 

NS not significant when compared to normotensive 
trophoblast without SBLE. 

Figure 5, shows that the total antioxidant capacity of 
the SBLE it was determined to assess the antioxidant 
capacity of SBLE in placental trophoblast and the 
level of TAC was significantly lower in preeclamp-
tic placental trophoblast by 30% (p < 0.001) than 
normotensive placental trophoblast. In preeclamptic 
placental trophoblast, SBLE significantly increased 
the level of TAC by 21% (p < 0.01) when compared 
to preeclamptic placental trophoblast without SBLE.

DISCUSSION
Preeclampsia, multisystem disease of unknown eti-
ology and its pathophysiology may begin with abnor-
mal placentation resulting in systemic dysfunction, 
and deficient spiral artery remodeling leads to pla-
cental ischemia. In parallel, oxidative stress markers 
like free radicals, oxidized lipids are released into 
the maternal circulation which is responsible for the 
insufficient trophoblast invasion and plugging of 
maternal vessels in the periphery (25). However, de-
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fects in these processes can ultimately lead to severe 
complications during pregnancy and resulting in hy-
pertensive disorder like PE. Treatment of the disease 
like preeclampsia with modern medicine is often 
associated with serious side effects that affect both 
mother and fetus: herbal remedies having a synergis-
tic effect to overcome the defective trophoblast func-
tions and traditional method of consumption may be 
a suitable alteration for these patients. 

P.betle is such a plant, and the leaf extracts of PB 
has antioxidant (26), anti-hypercholesterol (27), and 
vasodilatory actions. PB showed vasorelaxation on 
isolated perfused mesenteric artery preparation (28), 
which may be due to the presence of various poly-
phenols compounds like hydroxy chavicol, chatecol, 
allylpyrocatecol which inhibits lipid peroxidation. 
This could be attributed to its ability to scavenge free 
radicals involved in initiation and propagation steps 
of lipid peroxidation (29).

DPPH is a stable nitrogen-centered free radical com-
monly used for testing radical scavenging activity of 
plant extracts. The DPPH free radical scavenging 
activity of a compound indicates its hydrogen-do-
nating tendency.  A high correlation between DPPH 
radical scavenging activities and total polyphenolics 
has been reported by many researchers (30).  Simi-
larly, the antioxidant activity of plant extracts is also 
correlated with their hydroxyl radical scavenging 
activity (31). Coherent with this our present study 
also evidences on the antioxidant property for dif-
ferent extracts of P. betle.  1mg/mL was found to be 
the effective concentration having the radical scav-
enging property, and this was fixed as the effective 
concentration to assess the cell viability at various 
time intervals.

Oral intake and chewing of betle leaves induce sal-
ivation (32), and saliva provides a medium which 
might enhance the activity of the bioactive compo-
nents. The various active components are capable 
enhancing the normal growth and development of 
cells.  Our study on cell viability demonstrates that 
the extract of the betle leaf is crucial in precluding 
the cell death of isolated trophoblast.  Incubation of 
trophoblast with SBLE and DBLE were more potent 
in maintaining the cell viability when compared to 
PBLE and ABLE. 

Chewing of BL stimulates the salivary secretion 
and saliva may activate the components of BL to 
enhance the antioxidant property that helps in com-
peting altered redox status. The patho-biochemical 

mechanisms involved in the initiation and progres-
sion phase of various diseases are reactive oxygen 
species (ROS). Excessive production of free radi-
cals and its associated damages result in the loss of 
antioxidant status. During preeclampsia oxidative 
damage due to antioxidant insufficiency plays a vital 
role in trophoblast dysfunction and vasoconstriction 
which further complicates pregnancy (16).  Consis-
tent with this there is a significant increase in the 
level of LPO along with a decrease in the level of 
TAC in preeclamptic placental trophoblast when 
compared to normotensive which may be due to the 
increased utilization of antioxidants to counter bal-
ance the free radical-induced oxidative damage.  The 
diastase extract of the betle leaf was found to have 
potential antioxidant efficacy in the management of 
hypertensive mediated OS-AO imbalance. 

Antioxidants from natural compounds of medicinal 
plants are useful in inhibiting or preventing the del-
eterious consequence of oxidative stress. Badrul et 
al. (33) earlier demonstrated that P.betle leaves are 
rich in polyphenolic compounds, such as flavonoids, 
tannins, and phenolic acids. These are responsible 
for the multiple biological effects of BL which in-
cludes antioxidant activity. When BL is chewed it 
mixes with saliva which might enhance the bioac-
tive property of the components present in BL. The 
efficiency of plant extracts in inhibiting lipid perox-
idation is an excellent measure of assessment of an-
tioxidant potential.  The high scavenging property of  
P. betle may be due to hydroxyl groups existing in 
the phenolic compounds, and these are responsible 
for the antioxidant activity. The antioxidant activity 
is exhibited by inactivating lipid free radicals or pre-
venting decomposition of hydroperoxides into free 
radicals (34). Consistent with this study we observed 
that the various extract of BL could decrease the lev-
el of LPO and quench the free radicals along with 
increasing the total antioxidant capacity.  Among the 
different extracts of BL, SBLE counterbalances the 
preeclampsia mediated oxidative stress effectively. 
This may be attributed to its ability to scavenge free 
radicals which may be due to the presence of sec-
ondary metabolites in BL and its interaction with 
salivary antioxidants. Diastase is also equally potent 
in counter balancing free radicals and the associated 
pregnancy induced hypertension. 

Sujatha et al. (35) reported that the antioxidant poten-
cy of the betle leaf aqueous extract was poor. How-
ever, we found that when the aqueous extract was 
mixed with diastase in vitro or in vivo by the process 
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of chewing the antioxidant properties increased sig-
nificantly. Hence, these enzymatic/salivary extracts 
from leaves could be used as a potential water-solu-
ble antioxidant source which can be effective in the 
management of hypertensive disorder like PE. BL 
itself has higher antioxidant potency when leaves 
are chewed the antioxidant efficacy of BL further 
enhanced by of saliva. Alternatively, a diastase-BL 
mixer may be prepared and made available to preg-
nant women for minimizing the complication that 
might arise due to pregnancy.

The present study clearly indicates that the salivary 
extract of P. betle was found to be more potential in 
maintaining the altered redox status of trophoblasts. 
It may be concluded that the active components 
present in SBLE and DBLE might be involved in 
the induction of antioxidant efficacy. Therefore, di-
etary supplementation of BL orally in particular by 
chewing might effectively render beneficiary effect 
in the management of preeclamptic mediated oxida-
tive stress and may help to overcome the other com-
plications of PE. 

Conflict of Interest: The authors report no conflict 
of interest.

REFERENCES
1.	 Jennifer, U., Marie, C., Olivier, P., Roland, A., 

and Jean, M.A. Pre-eclampsia: pathophysiology, 
diagnosis, and management. Vasc Health Risk 
Manag. 2011; 7: 467-477.

2.	 Harvey, J.K. From Trophoblast to Human Pla-
centa. The Encyclopedia of Repro. 2006; 1-19

3.	 Duley, L. The global impact of pre-eclampsia 
and eclampsia. Semin Perinatol. 2009; 33: 130-
137.

4.	 Meads, C.A., Cnossen, J.S., and Meher, S., et 
al.  Methods of prediction and prevention of pre-
eclampsia: systematic reviews of accuracy and 
effectiveness literature with economic model-
ling. Health Technol Assess. 2008; 12: 1-270.

5.	 Pollheimer, J., Knofler, M., and Wien, M.W. The 
role of the invasive, placental trophoblast in hu-
man pregnancy. Wien Med Wochenschr. 2012; 
162(9-10): 187-190.

6.	 Rumbold, A., Duley, L., Crowther, C.A., and 
Haslam, R.R. Antioxidants for preventing 
pre-eclampsia.  Cochrane Database Syst Rev. 
2001; 23(1): doi:  10.1002/14651858. 

7.	 Pek, L.N., NorFadilah, R., and Sue, M.T., et al. 
Piper betle leaf extract enhances the cytotoxicity 

effect of 5-fluorouracil in inhibiting the growth 
of HT29 and HCT116 colon cancer cells. J Zhe-
jiang Univ Sci B. 2014; 15(8): 692-700. 

8.	 Rahul, S., Sandeep, S., Ashudosh, M., and 
Sankul, K.A., Scientific review on common 
chewing plant of Asians:Piper betle Linn. Re-
view article. J of Harm Res in Phar. 2015; 4(1): 
1-10.

9.	 Fawad, A.B., Hashmi, A.N., and Mahboob, A., 
et al. In-vitro antibacterial activity of Piper betel 
leaf extracts. J App Pharm. 2012; 03(04): 639-
646.

10.	Dorman, H.J.D., and Deans, S.G. Antimicrobi-
al agents from plants: Antibacterial activity of 
plant volatile oils. J Appl Microbiol. 2000; 88: 
308-316.

11.	Rathee, J.S., Patro, B.S., Mula, S., Gamre, S., 
and Chattopadhyay, S.J. Antioxidant activity of 
piper betel leaf extract and its constituents. Agric 
Food Chem. 2006; 54(24): 9046-9054.

12.	Sripradha, S. Betel Leaf-The Green Gold. J 
Pharm Sci & Res. 2014; 6(1): 36-37. 

13.	Rahul, S.P., Pooja, M.H., Kiran, V.S., Pooja, 
P.K., and Ranjeet, R.D. Phytochemical potential 
and in vitro antimicrobial activity of Piper betle 
Linn. leaf extracts. J of Chem Pharm Res. 2015; 
7(5): 1095-1101.  

14.	Prabhu, N. Antimicrobial Effect of chewing 
Tamboolam (betal leaves and its combinations) 
by testing saliva of volunteers. Ind J of App Res. 
2013; 3(2): 290-292.

15.	Aysen, Y., Ozlem, S., Serap, A., Burcin, A., Ra-
bia, P., Esin, A.K., and Refiye, Y.  In vitro effect 
of aqueous plant extracts on antioxidant parame-
ters in saliva samples. J of Med Plants Res. 2013; 
7(3): 118-125.

16.	Padmini, E., Chithra, B., and Christina Joseph 
Mary, S. Genistein attenuates oxidative damage 
in preeclamptic placental trophoblast. Hypertens 
Pregnancy. 2016; 35(2): 250-263.

17.	Abubakar, B.A., Mohammed, A.I., Aliyu, M.M., 
Aisha, O.M., Joyce, J.K., and Adebayo, O.O. 
Free radical scavenging and total antioxidant ca-
pacity of root extracts of anchomanes difformis 
engl. (araceae). Acta Pol Pharm. 2013; 70(1): 
115-121. 

18.	Soleymanlou, N., Wu, Y., Wang, J.X., Todros, 
T., Ietta, F., Jurisicova, A., Post, M., and Canig-
gia, I. A novel Mtd splice isoform is responsible 
for trophoblast cell death in pre-eclampsia. Cell 

Padmini et al.: Extract of Piper betle facilitates………………..Preeclamptic Placental Trophoblast



www.biomedicineonline.org                                                                         Biomedicine-Vol. 38 No. 1: 2018

025

Death Differ. 2005; 12(5): 441-452.
19.	Douglas, G.C., and King, B.F. Isolation of pure 

villous cytotrophoblast from term human pla-
centa using immunomagnetic microspheres. J 
Immunol Methods. 1989; 119: 259-268.

20.	Viturro, C., Molina, A., and Schmeda, H.G. Free 
radical scavengers from Mutisia friesiana (As-
teraceae) and Sanicula graveolens (Apiaceae). 
Phytother Res. 1999; 13: 422-424.

21.	Klein, S.M., Cohen, G., and Cederbaum, A.I. 
Production of formaldehyde during metabolism 
of dimethyl sulphoxide by hydroxyl radical gen-
erating system. Biochemistry. 1981; 20: 6006-
6012.

22.	Strober, W. Trypan blue exclusion test of cell vi-
ability. Curr Protoc Immunol. 2001; [Appendix 
3: Appendix 3B].

23.	Ohkawa, H., Ohishi, N., and Yagi, K., Assay for 
Lipid peroxides in animal tissue with thiobar-
bituric acid reaction. Anal Biochem. 1970; 95: 
351-354. 

24.	Prieto, P., Pineda, M., and Aguilar, M. Spectro-
photometric quantitation of antioxidant capacity 
through the formation of phosphomolybdenum 
complex, specific application to the determina-
tion of vitamin E. Anal Biochem. 1999; 26(9): 
337-341.

25.	James, M., and Roberts, C.E. The placenta in 
preeclampsia Pregnancy. Hypertension 2012; 
2(2): 72-83. 

26.	Saravanan, R., and Pugalendi, K.V. Effect of 
Piper betle on blood glucose and lipid profiles in 
rats after chronic ethanol administration. Pharm 
Boil.  2005; 42(4-5): 323-327.

27.	Venkadeswaran, K., Muralidharan, A.R., and An-
nadurai, T., et al.  Antihypercholesterolemic and 
antioxidative potential of an extract of the plant, 
Piper betle, and its active constituent, Eugenol, in 

Triton WR-1339-Induced hypercholesterolemia 
in experimental rats. Evid. Based Complement. 
Alternat Med. 2014; doi: 10.1155/2014/478973.

28.	Runnie, I., Salleh, M.N., Mohamed, S., Head, 
R.J., and Abeywardena, M.Y. Vasorelaxation in-
duced by common edible tropical plant extracts 
in isolated rat aorta and mesenteric vascular bed.  
J Ethnopharmacol. 2004; 92(2-3): 311-316.

29.	Pradhan, D., Suri, K.A., Pradhan, D.K., and 
Biswasroy, P. Golden Heart Nature: Piper betle 
L. J Pharmacogn Phytochem. 2013; 1(6): 147-
167.

30.	Rintu, D., Shinjini, M., Kaustab, M., Pra-
mathadhip, P., Umesh, P.S., and Banerjee, E.R. 
Anti-Oxidant and Anti-Inflammatory Activities 
of Different Varieties of Piper Leaf Extracts (Pip-
er Betle L.). J Nutr Food Sci. 2015; 5(5): 1-15.

31.	Gowhar, A.S., Tajamul, I.S., and Sanjay, T. Eval-
uation of bioactive constituents and in-vitro an-
tioxidant activity of different extracts of piper 
betle l. leaves. World J pharm Res.  2015; 4(8): 
2259-2269. 	

32.	Dinesh, M.D., Athira, P.S., Ajma, N.A., Abhisha, 
N.C., and Ashitha, C. Short review on Piper be-
tel (betel leafs). GJAR. 2016; 3(5): 341-344.

33.	Badrul, A., Fahima, A., and Nahida, P., et al.  
Antioxidant, analgesic and anti-inflammatory 
activities of the methanolic extract of Piper betle 
leaves. Avicenna J Phytomed. 2013; 3(2): 112-
125. 

34.	Anjum, S., and Alka, S. Study of Lipid Peroxi-
dation and Antioxidant Status in Preeclampsia.  
JKIMSU. 2013; 2(2): 69-72.

35.	Sujatha, V., Alka, S., Vijayalatha, V., and Hemant, 
K.G. Comparative study on the antioxidant activ-
ities of extracts from Piper betle leaves. Biomed 
Pharmacol J. 2008; 1(1): 115-120.

Padmini et al.: Extract of Piper betle facilitates………………..Preeclamptic Placental Trophoblast


