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ABSTRACT

Background: Pergularia daemia (Asclepiadacea) is a fetid- smelling perennial herb growing well along the river
bang and road sides of India. Naturally the plant has powerful antioxidants including polyphenols, flavanoids,
steroids and terpenoids. Objective: The aim of this study is to evaluate the in vitro antioxidant potential and to
determine the median lethal dose (LD, ) of crude ethyl acetate and methanol extracts of Pergularia daemia. The plant
Pergularia daemia possess effective scavenging activity against 2, 2’ azino bis (3 ethylbenzothiazoline 6 sulfonic
acid (ABTS), nitric oxide and reducing power radicals at different concentrations (100, 200, 300, 400 & 500 ug/mL)
of both extracts. Results: From the above in vitro assay we have exposed that the methanolic extract exert higher
antioxidant activity at 400 ug/mL than ethyl acetate extract. Acute toxicity study revealed that the extracts showed
no signs of toxicity upto a dose level of 2500 mg/kg b.wt. Conclusion: Thus our findings provide that both extracts

of Pergularia daemia possess a strong antioxidant capacity and are relatively has high margin of safety.
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INTRODUCTION

Reactive oxygen species (ROS) are a family of molecules
that are continuously generated, transtformed, and
consumed in all living organisms as a consequence of
aerobic life."! Recent studies have shown strong evidence
that biological reactive oxygen species (ROS) such
as 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid (ABTS), nitric oxide, and reducing power radicals are
involved in the development of cancer.[?! Antioxidants are
nutritional substances which could prevent or slow down
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the oxidative damage and act as free radical scavengers,
preventing and repairing cellular and molecular damage. !
In recent years, much attention has been devoted to natural
antioxidant and their association with health benefits.
Numerous ethnopharmacological surveys were conducted
and revealed that large numbers of lactiferous plant species
are used as a source of herbal therapies. India is a country
which is rich in indigenous herbal resources and it grows on
their varied topography and under changing agro climate
condition, permitting the growth of almost 20,000 plants
which are of medicinal value. Higher plants produce a
variety of antioxidant compounds such as polyphenols
and have been found to possess numerous biological
activities.[*! The plant Pergularia daemin (Asclepiadacea),
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known as veliparuthi in Tamil, which is traditionally used as
anthelmintic, laxative, antipyretic, and expectorant; is also
used to treat infantile diarrhea and intermittent fevers.®!
The plant is widely consumed and used in folk medicine for
the treatment of inflammation, diabetes, malaria, asthma
and liver disorders.®! Phytochemically the plant has been
investigated for cardenolides, alkaloid, flavonoids, saponins,
triterpenes and steroidal compounds.[”!

Although herbal products act as healer for various
diseases, some kind of plant products could cause toxic
effects, when given as overdose. The term acute toxicity
is defined as adverse effect of the substances which could
cause an opposing effect acutely and mortality at particular
concentrations.®! The present study has therefore been
designed to concrete the i vitro antioxidant potential and
determine the toxicity limit (LD,;) of ethyl acetate and
methanolic extracts of P daemin (PDEAE and PDME).

MATERIALS AND METHODS

Chemicals

ABTS, 2, 2-diphenyl-1-picrylhydrazyl, nitroblue
tetrazolium, ascorbic acid, potassium per sulfate, and
NADH was purchased from Sigma Aldrich Co., St Louis,
USA. All other chemicals used in this study were of
analytical grade, and the assay kits for toxicological studies
were purchased from Human Diagnostics, Faridabad, India.

Plant materials

Matured P daemin (Forsk.) plant was collected from river
banks of Pudukkottai District, Tamil Nadu, India. The
plant was identified by Dr. V Venkatesalu, Professor,
Department of Botany, Annamalai University. A voucher
specimen (ACC: 196) was deposited in the herbarium of
Department of Botany, Annamalai University.

Preparation of plant extracts by successive
solvent extraction

The shade-dried plant materials (root, stem, leaves, flower,
and bark) of P daemin of about 1,000 g were subjected
for size reduction to coarse powder. The powdered plant
material was defatted by using petroleum ether (60-80°C)
and then extracted with methanol and ethyl acetate
using Soxhlet apparatus for about 72 h at 40°C. After
that the sediment was filtered with Whatman no. 1 filter
paper (Whatman Ltd, England). Both PDEAE and
PDME were further concentrated under vacuum using
rotary vacuum evaporator (Buchi R-V120, Switzerland)
at 40°C and then reconstituted in minimum amount of
dimethyl sulfoxide (DMSO) and stored at 4°C for further
use.”l The percentage yield of ethyl acetate and methanol
extracts were found to be 4.5% (w/w) and 8.1% (w/w),
respectively.

Preliminary phytochemical analysis

Test for flavonoids

A few drops of 1% NH, solution were added to the ethyl
acetate and methanolic extract of plant leaves in a test tube.
A yellow coloration was observed if flavonoid compounds
are present.

Test for tannins

0.5 g of powdered sample of plant leaves was boiled in
20 ml of distilled water in a test tube and then filtered.
The filtration method used here was the normal method,
which included a conical flask and filter paper. 0.1% of
FeCl, was added to the filtered samples and observed for
brownish green or a blue black coloration, which showed
the presence of tannins.

Test for carbohydrates

To 0.5 ml of powdered sample of extract, 5 ml of Benedict’s
reagent was added and boiled for 5 min. Formation of
bluish green color showed the presence of carbohydrate
solution and was boiled for few more minutes. In the
presence of flavonoids, reddish pink or dirty brown color
was produced.

Test for alkaloids

A 5 ml of the extract was added to 2 ml of HCI. To this
acidic medium, 1 ml of Dragendroff’s reagent was added.
An orange or red precipitate produced immediately
indicates the presence of alkaloids.

Test for steroids

A 1 ml of extract was dissolved in 10 ml of chloroform and
equal volume of concentrated H,SO, was added by sides
of the test tube. The upper layer turns red and sulfuric acid
layer showed yellow with green fluorescence. This indicated
the presence of steroids.

Test for proteins

To a small amount of methanolic and ethyl acetate extract,
five to six drops of Millon’s reagent was added. A white
precipitate which turns red on heating was formed and it
is indicated the presence of proteins.

Test for terpenoids

A 5 ml of methanolic and ethyl acetate extract was mixed
with 2 ml of CHCI, in a test tube and 3 ml of concentrated
H,SO, was carefully added to the mixture to form a layer.
An interface with reddish brown coloration is formed if
terpenoids constituent is present.!*”]

In vitro antioxidant assays

ABTS radical scavenging assay

A7 mM of ABTS was prepared and the stock was mixed
with 2.5 mM of potassium persulfate. The mixture was then
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allowed to stand for 12-16 h in dark room at 37°C. In this
condition the radicals were stable for more than 2 days. The
incubation mixture contained 0.54 mL of ABTS, 0.5 mL
of phosphate buffer, and varying concentrations of PDEAE
and PDME (100, 200, 300, 400, and 500 ug/mL). The
blank contained water instead of PDEAE and PDME.
The absorbance was observed spectrophotometrically at
734 nm and compared with standard ascorbic acid.!*" The
percentage of inhibition was calculated using the following
formula:

% Of scavenging actiVity= (Acomrol - Atcst/ Acontrol> X 100’
Where A

oo 18 the absorbance of ABTS and A is the
absorbance of ABTS radical + sample extract/standard.

Nitric oxide radical scavenging assay

The procedure was based on the principle that sodium
nitroprusside in aqueous solution at physiological pH
spontaneously generates nitric oxide which interacts with
oxygen to produce nitrite ions that can be estimated using
Griess reagent. Scavengers of nitric oxide compete with
oxygen, leading to reduced production of nitrite ions.
For the experiment, sodium nitroprusside (10 mM)
in phosphate-buffered saline were mixed with different
concentrations of each extracts dissolved in water and
incubated at room temperature for 150 min. Following
the incubation period, 0.5 mL of Griess reagent was
added. The absorbance of the chromophore formed
was read at 546 nm and ascorbic acid was used as a
standard.!?!

% Of ScaVCnging = (Acontrol - ATcst/ Acuntrol> X 100’

Where A is the absorbance of control and A is the
control est

absorbance of sample extract/standard.

Reducing power

Various concentrations of PDEAE and PDME (100, 200,
300, 400, and 500 pg/mL) in double distilled water was
mixed with 2.5 mL of phosphate buffer and 2.5 mL of
potassium ferricyanide. The mixture was incubated at
50°C for 20 min after which, 1.5 mL of trichloroacetic
acid (TCA) was added and centrifuged at 3,000 rpm
for 10 min. From all the tubes, 0.5 mL of supernatant
was taken and mixed with 1 mL of distilled water and
0.5 mL of ferric chloride. The absorbance was measured
spectrophotometrically at 700 nm. Ascorbic acid was
used as standard for comparison. Increased absorbance of
the reaction mixture indicated increasing reducing power.
Incubation with water in place of additive was taken as
blank.[*3]

% Of ScaVCnging = (Ac(mtr()l - ATcst/ Acuntrol> X 100’

Where, A is the absorbance of control and A is the
control est

absorbance of sample extract/standard.

Determination of lethal dose (LDSO)

Experimental animals

Acute toxicity study was conducted on 84 male golden
Syrian hamsters weighing 120-150 g, obtained from
the Central Animal House, Department of Experimental
Medicine, Rajah Muthiah Institute of Health Sciences,
Annamalai University, Tamil Nadu, India. The whole
experiment was carried out according to the guidelines of
the Committee for the Purpose of Control and Supervision
of Experiments on Animals, New Delhi, India and
approved by the Animal Ethical Committee of Annamalai
University (Proposal no. 647: Dated 25.09.2009). Animals
were kept in polypropylene cages (47 X 34 X 20 cm;
six hamsters/cage) layered with husk, renewed every 24 h
under a 12:12 h light dark cycle at around 22°C. The
animals were fed on a standard pelleted diet (Sai Enterprises,
Chennai, India).

Preparation of doses and administration

In this study, the hamsters were fasted prior to
sample administration for 18 h. The plant extracts
(PDME and PDEAE) were mixed with 0.5% DMSO,
and then administered intragastrically by infant feeding
tube (Number 7). The volume of the dose depends on
the size of the animals. Approximately 1 ml/100 g. bwt
of sample was administered to each animal.[**]

LD, evaluation

A total number of 84 animals were split into 14 groups
(six animals in each group). Group I-VII (Set 1) and
VII-XIV (Set 2) animals were treated with PDME (Set 1)
and PDEAE (Set 2) at the dose of 100, 200, 400, 800,
1,600, 2,200, and 4,400 mg/kg. bwt, respectively. The plant
extract-administered animals were closely observed for 2 h
then at 12 h and finally 24 h for toxic signs and symptoms.
The percentage of mortality was calculated by counting the
death of animals in each group. Determination of LD, was
done by Miller and Tainter graphical plot method.!"?)

Subacute toxicity studies

The hepatic and renal marker levels were observed in the
serum of the experimental animals that were treated with
100, 200, and 300 mg/kg. bwt of PDME and PDEAE.
Blood samples were collected by single orbital sinus and
0.8 ml (10% from total volume of 7.2 ml) of blood was taken
from each animal. The blood sample was then centrifuged
at 2,000 rpm for 15 min. The supernatant was taken for
analysis. Activity of serum alkaline phosphatase (ALP) was
estimated by the method of Kind and King.'¢! The serum
gamma-glutamyl transferase (GGT) was determined by
the method of Rosalki and Rau 1972.1'7 Serum glutamic
oxaloacetic transaminase (SGOT) was determined by
the method of Schumann and Klauke.® Total bilirubin
level was evaluated by the method of Weigl et al.,*]
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serum albumin level was estimated by the method of
Doumas ¢t a/.,12°1 and estimation of renal functional
markers such as urea and creatinine were determined by
Fawcett and Scott!?!! and Jeffe’s method.!??!

RESULTS

Preliminary phytochemical analysis

Results revealed the accumulation of alkaloids, carbohydrates,
flavonoids, tannins, steroids, and terpenoids. The amount
of alkaloids and terpenoids in methanol extract varied from
that of ethyl acetate extract. Methanol extract provided rich
amount of alkaloids and terpenoids as compared to ethyl
acetate extract [ Table 1].

In vitro antioxidant activity

ABTS radical scavenging assay

PDEAE and PDME exhibit effective scavenging activity on
ABTS radicals and the activity was comparable to that of
ascorbic acid. The 50% of inhibition concentration (IC, )
value indicate that the ABTS free radical scavenging activity
with a IC_; of 349.65 ug/ml of PDME and 387.59 ug/ml
of PDEAE was almost equivalent to that standard ascorbic
acid (IC,-318.47 pg/ml) [Figure 1].

Phytochemicals PDEAE PDME
Alkaloids + ++
Carbohydrates +
Flavonoids +
Tannins +
Steroids ++ ++
Proteins - -
Terpenoids + ++
++ = Excellent, + = Good, - = Absent
ABTS
70
60 -
2 50 4
Tﬁa 40 4
§ 30 4 —— Ascorbic Acid
:f 35 —@—PDME
10 4 —&— PDEAE
0
100 200 300 400 500
Concentrationin pg/mL

Figure 1: ABTS radical scavenging activity of PDME and PDEAE and
the standard ascorbic acid. Results represent means of triplicates of
different concentrations analyzed. PDEAE = Ethyl acetate extracts
of Pergularia daemia, PDME = methanolic extracts of P. daemia,
ABTS = 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid

Nitric oxide radical scavenging assay

In the present study, PDEAE and PDME were subjected to
determine the inhibitory eftect on nitric oxide formulation.
The results from the present study reveal that the extracts
have a moderate activity in scavenging nitric oxide radical.
Figure 2 illustrates a significant decrease in the nitric oxide
radical due to scavenging ability of extracts and ascorbic acid.

Reducing power

Fe** ions were potentially reduced by the plant extracts
in different concentrations (100, 200, 300, 400, and
500 ug/mL). Further, methanolic extract has higher ability
to reduce Fe3* ions than ethyl acetate extract. The ascorbic
acid was used as a comparable control [Figure 3].

Acute toxicity

Toxic signs

There were no toxic signs or central nervous system (CNS)
abnormalities observed in both PDME and PDEAE treated
hamsters at the dose of 100, 200, 400, and 800 mg/kg.
bwt. However, 1,600, 2,200, and 4,400 mg/kg. bwt
treated hamsters showed behavioral abnormalities after
8 h of extract administration; the animals exhibited
salivation, arching and rolling, lack of breathing and food
consumption, gasping, and finally died.

LD  measurements

Table 2 shows the percentage mortality of PDEAE and
PDME treated hamsters at the concentration of 100, 200,
400, 800, 1,600, 2,200, and 4,400 mg/kg. bwt. The probit
values were plotted against extract concentration, then the
dose corresponding to probit 5 in linear plotting method,
that is, 50% was found [Figure 4]. LD, values of both
PDME and PDEAE were observed as 2,500 mg/kg. bwt
on graphical plotting. Standard error for the LD, was
calculated using the formula,

Approximate standard error of LD,
_ Log LDy, —Log LD,

2N

Nitric oxide Radical scavenging activity

40
= 30
=
TE_ 20 —4—Ascorbic Acid
s 10 -a-PDME
&
0 =fe=PDEAE

100 200 300 400 300

Concentrationin pg/ml

Figure 2: Nitric oxide radical scavenging activity of PDME and PDEAE
and the standard ascorbic acid. Results represent means of triplicates
of different concentrations analyzed
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Therefore, LD, of PDME and PDEAE was found to
be 2,500 = 296.15, with 95% confidence interval of
2,203.85-2,796.15.

Biochemical evaluation

The functional alterations in liver and kidney were observed
by analyzing the hepatic and renal markers in blood serum
of the animals which were treated with 100, 200, and
300 mg/kg. bwt of PDEAE and PDME. However, there
were no toxic changes in liver and kidney observed in both
extracts treated hamsters [Table 3].

Reducing Power

0.6
0.5

04
—o— Ascorbic Acid

——PDME
—#&—PDEAE

0.3 A

Absorbance

0.2 1
0.1

Concentration in pg/ml

DISCUSSION

More than 80% of people utilize the medicinal plants for
maintenance of good health in most developing countries.
However, herbs have powerful natural antioxidant
properties. Phenolic compounds like flavonoids, steroids,
and tannins are the major source of antioxidants, which
are highly present in medicinal plants.?*! Plant phenols are
widely distributed in the tissue of plants as well as exposed a
vital role in the free radical scavenging activity. Antioxidant
activity of the phenols is mainly due to their redox,

10

9

8 ‘

& SZESSSSS

6 |
.§ < * SZe # PDEAE
e, u u : B PDME

3 e — Linear (PDEAE)

2 —— Linear (PDME)

1 %

0

0 1000 2000 3000 4000 5000
Extract Concentration mg/kg.bw

Figure 3: Reducing power activity scavenging activity of PDME and
PDEAE and the standard ascorbic acid. Results represent means of
triplicates of different concentrations analyzed

Figure 4: Plot of extract concentration versus probits for calculation of
LD, of PDEAE and PDME administered intragastrically. LD, = Median
lethal dose

Extract concentration Mortality rate % of mortality Corrected % Probit

Log dose LD, value Log LD
mg/kg.bw PDEAE PDME PDEAE PDME PDEAE PDME PDEAE PDME EY 20
100 2 0 0 0 0 4.2 4.2 3.27 3.27
200 2.3 0 0 0 0 4.2 4.2 3.27 3.27
400 2.6 0 0 0 0 4.2 4.2 3.27 3.27
800 2.9 0 1/6 0 16.7 4.2 16.7 3.27 4.038 2500 mg/kg.bwt 3.39
1600 3.2 4/6 2/6 66.7 33.3 66.7 33.3 5.431 4.569
2200 3.34 5/6 5/6 83.3 83.3 83.3 83.3 5.962 5.962
4400 3.64 6/6 6/6 100 100 95.8 95.8 6.73 6.73

PDEAE = Ethyl acetate extracts of Pergularia daemia, PDME = Methanolic extracts of P. daemia, LD = Lethal dose

Hepatic markers Renal markers (mg/dL)

Groups SGOT (IU/L) ALP (IU/L) GGT (IUL)  ALB(g/dL)  TBL (mg/dL) Urea Creatinine
Control 33.55+2.07° 95.67+7.89° 0.85+0.069° 2.67+0.17° 0.45+0.039° 17.63+1.07° 0.89+0.083°
PDEAE (100 mg/kg.bwt) 36.51+3.55% 96.39+7.37° 0.89+0.083* 2.1740.25°% 0.42+0.032%® 19.78+1.36% 0.93+0.09°
PDEAE (200 mg/kg.bwt) 36.94+2.89%° 99.5749.02° 0.93+0.093" 1.98+0.09« 0.38+0.035« 21.63+1.9° 0.99+0.084°
PDEAE (300 mg/kg.bwt) 38.17+3.19% 101.62+11.42° 0.97+0.076° 1.95+0.17¢ 0.3940.027< 15.28+2.56° 1.21+0.11°
PDME (100 mg/kg.bwt) 34.61+33.73% 96.75+7.49° 0.83+0.072° 2.35+0.23° 0.43+0.042%® 18.63+1.51° 0.92+0.095°
PDME (200 mg/kg.bwt) 36.37+3.22% 102.56+9.132 0.88+0.079% 2.2740.28° 0.41+0.029< 19.3942.14% 0.95+0.073°
PDME (300 mg/kg.bwt) 39.53+3.85¢ 105.73+£10.77° 0.91+0.11° 1.86+0.14¢ 0.37+0.021¢ 24.68+2.38¢ 1.08+0.11¢

PDEAE = Ethyl acetate extracts of Pergularia daemia, PDME = Methanolic extracts of P. daemia SGOT = Serum Glutamic Oxaloacetic Transaminase, ALP = Alkaline
phosphatase, GGT = Gamma glutamyl transpeptidase, ALB = Albumin, TBL = Total Bilirubin. The values were given as meanzSD of six experiments in each group
(ANOVA followed DMRT). Values not sharing the common superscripts differ significantly at P<0.05
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hydrogen donor and singlet oxygen quenching ability>*!
Two-third of worlds’ plant species, out of which at least
35,000 are estimated to have medicinal value. The present
study revealed that the presence of alkaloids, flavonoids,
carbohydrates, steroids, proteins, tannins, and terpenoids in
PDME and PDEAE. The amount present in the plant varied
in methanolic extract from that of ethyl acetate extract, this
is because of the polar nature of the solvent. The phenolic
compounds were highly correlated with antioxidant ability.
In the present study, the antioxidant properties of PDEAE
and PDME by assessing the scavenging capacity of the
extracts on ABTS, nitric oxide radicals, and reducing power
activity have been evaluated.

ABTS is a chemical compound which is frequently used
in food industry to determine the antioxidant capacity.
The principle reaction is considered as the formation of
colorless ABTS. Basically, ABTS reacts with potassium
per sulfate and formed blue green chromophore. This then
reacts with electron donors and may give colorless neutral
solution.*! In our study, the presence of hydrogen donating
phenolics like flavonoids, steroids, tannins, and terpenoids
were donating their electrons and neutralize the formation
of ABTS. The colorless solution was observed at 734 nm.

Nitric oxide play an important role in various degenerative
processes like carcinogenesis, juvenile diabetes, multiple
sclerosis, and ulcerative colitis.?®! The radical has reported
that it is a potent pleotropic inhibitor of physiological
processes like muscle relaxation, neural signaling, and
inhibition of platelet aggregation. Nitric oxide can
contribute to reperfusion injury when an excessive amount
produced during reperfusion reacts with superoxide
to produce the damaging oxidant peroxyinitrite. The
formation of nitric oxide radicals was effectively decreased
by the presence of hydrogen donating particles in P daemia.
The reducing power activity was measured by potassium
ferric cyanide reduction method. The yellow color of the
solution changes to various shades of green and blue,
depending upon the reducing power of each extract.
The presence of antioxidants in the P daemia causes the
reduction of Fe** /ferric cyanide complex to ferrous form. 2!

Acute toxicity of the PDEAE and PDME was evaluated
using Miller and Tainter method. Seven doses were selected
(100, 200, 400, 800, 1,600, 2,200, and 4,400 mg/kg. bwt)
for the determination of LD, . At the end of the period
(after 24 h), the number of dead animals were counted.
The graphical representation of probit versus extract
concentration showed a typical straight line, which was in
agreement with the principle of probit analysis [Figure 4].
According to Miller and Tainter probit analysis method
at 24 h, the acute oral LD, value of PDME and PDEAE
was calculated as 2,500 mg/kg. bwt. Overexposure of any
substances can cause the functional disability of liver and
kidney.1?®) Hepatic (serum ALP, GGT, SGOT, total bilirubin,
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and albumin) and renal (urea and serum creatinine) markers
are the major functional indicators of the liver and kidney,
respectively. The functional biomarkers were analyzed
for the determination of toxic changes during the extract
administration. There were no toxic changes appeared at the
dose level of 100, 200, and 300 mg/kg. bwt. The levels were
showed in normal range in both PDEAE and PDME treated
hamsters. Thus, it could be concluded that the PDEAE and
PDME was nontoxic up to the dose range of 2,500 mg/kg.
bwt. The plant P daemin has a wide range of pharmacological
activities. However, very less work has been done on this
plant and there is a wide scope for investigation.
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