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1. Introduction

   Carcinogenesis is the process by which cancer develops in a 
living organism. Oral squamous cell carcinoma can be induced 
in experimental animals by continued application of potent 
chemical carcinogens, such as DMBA and nitroquinoline-
1-oxide etc. since 1950s, the Syrian golden hamsters are 
used in experimental studies on oral carcinogenesis. DMBA 
induced hamster buccal pouch carcinogenesis model has also 
histological, biochemical and molecular similarities to human 
oral cancer [1].

  Reactive oxygen species (ROS) are a family of molecules 

that are continuously generated, transformed and consumed 
in all living organisms as a consequence of aerobic life. 
The traditional view of these reactive oxygen metabolites is 
one of oxidative stress and damage that leads to decline of 
tissue and organ systems in aging and disease [2]. Recently 
attentions  have been focused on the therapeutic potential 
of green foods and medicinal plants which is believed to 
reduce  free radical induced tissue injury by trapping them 
[3].  Higher plants produce a variety of antioxidant compounds 
of which, polyphenols are assumed to be the  most potent one 
[4]. Non enzymatic defence system included vitamin, Vitamin 
C and reduced glutathione (GSH). Vitamin C and E are non-
enzymatic endogenous antioxidants also exist within normal 
cells and react with free radicals themselves which are less 
reactive than the radicals. The radical chain reactions by 
trapping peroxyl and other reactive radicals [5].
  The screening studies for antioxidant properties of medicinal 
and food plants have been performed increasingly for the last 
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Objective: The aim of the present study was to investigate the in vitro antioxidant assays and    
in vivo non enzymatic antioxidant potential of aerial parts of Pergularia daemia methanolic 
extract (PDME) on 7, 12-dimethylbenz(a)anthracene (DMBA) induced hamster buccal pouch (HBP) 
carcinogenesis. Methods: The plant extract was tested for their total phenol and flavonoid 
content and radical scavenging effect such as 2, 2′-azinobis- (3-ethylbenzothiazoline-6-sulfonic 
acid) (ABTS●+) radical decolorization assay, DPPH (2, 2-diphenyl, 2-picryl hydrazyl) radical 
scavenging, nitric oxide radical scavenging, reducing power assays. Results: According to IC50 
values obtained, PDME contains more powerful antioxidant compounds than gallic acid. The 
level of plasma vitamin C and the levels of Vitamin E and GSH in the plasma and erythrocyte 
lysate were decreased while the buccal tissue levels of vitamin E and GSH were increased in 
DMBA induced animals. Pretreatment with P.daemia (200 mg/kg bw) to DMBA induced animals 
significantly (P<0.05) increased the levels of plasma and erythrocyte vitamin C, vitamin E and 
GSH where as the levels of vitamin E and GSH in the buccal tissue were increased compared to 
DMBA alone induced animals. Conclusions: The PDME exhibited strong antioxidant activity in 
free radical scavenging assays and hamster buccal pouch carcinogenesis. 

 Contents lists available at ScienceDirect



Kandhan Karthishwaran et al./Asian Paicfic Journal of Tropical Disease (2012)S509-S516S510

few decades in hope of finding an efficient remedy for several 
present-day diseases including cancer [6]. In many developing 
countries, traditional medicine is one of the primary health 
care systems [7]. Herbs are widely exploited in the traditional 
medicine and their curative potentials are well documented 
[8]. Plants have been a rich source of medicines because they 
produce wide array of bioactive molecules, most of which 
probably evolved as chemical defense against predation 
or infection. The use of medicinal plants is increasing 
worldwide. Recent studies showed that a number of plant 
products including polyphenolic substances (e.g., flavonoids 
and tannins) and various plant or herb extracts exert potent 
antioxidant actions [9]. Plant and its products are rich sources 
of a phytochemicals and have been found to possess a variety 
of biological activities including antioxidant potential [10]. 
Natural antioxidants are in high demand for application as 
nutraceuticals, bio-pharmaceuticals, as well as food additive 
because of consumer preference.
  P.daemia (Asclepiadaceae) is a well known Indian herbal 
drug. It is distributed all over India and has been used in many 
ways in medicine. The plant contains 2.4% of inorganic salts, 
a bitter resin and three bitter substances. It has a stimulant 
action on uterus, intestines, and other smooth muscles due to 
direct action on the smooth muscles. Aerial parts of this plant 
are reported to have various pharmacological activities like 
hepatoprotective [11], antifertility [12], anti-diabetic [13], wound 
healing [14], analgesic, antipyretic and anti-inflammatory [15] 
and Antifeedant activity [16]. Phytochemical screening of aerial 
parts of  the herb showed positive test for alkaloids, flavonoids, 
hydrolysable tannins, phenols, sterols and terpenoids [17].
  The objective of this study was to determine the antioxidant 
properties of P.daemia aerial parts using a set of in vitro 
antioxidant assays including scavenging of DPPH, nitric oxide 
and ABTS, as well as reducing power assay. The non enymatic 
antioxidants such as Vitamin C, Vitamin E and GSH were also 
studied in vivo to reveal the antioxidant restoring capacity of 
P.daemia. The present study was to explore the antioxidant 
potential of aerial parts of P.daemia, a therapeutically 
important medicinal plant found in India and to make a 
comparison taking into account their ability to target multiple 
radical species and correlation of their antioxidant activity with 
total phenolic and flavonoid content were also explored.

2. Materials and methods

2.1. Chemicals

  Dimethyl benza anthracene (DMBA), 2,2’-azino-bis(3-
ethylbenzthiazoline-6-sulfonic acid) (ABTS●+), 1,1-diphenyl-
2-picryl hydrazyl (DPPH) radicals was purchased from sigma-
aldrich, St Louis, MO, USA. All the other chemicals used were 
of analytical grade. 

2.2. Plant Material

  The fully mature aerial parts Pergularia daemia (Forsk.) 
were collected from 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.

2.3. Preparation of extracts

  The flowering aerial parts of plants were dried in the shade 
and powdered so that all the material could be passed through 
a mesh not larger than 0.5 mm. powdered materials of each 
plant (1000 g) were soaked in 3 L of methanol (Merck Co., 
Germany) for 1 day, and the steps were repeated twice, followed 
by soxhlet apparatus by using methanol for 72 hrs. At the end 
of extraction, it was passed through Whatman filter paper 
No.1 (Whatman Ltd., England). The methanolic extract was 
concentrated to dryness under vaccum on rotary evaporator 
at 40 曟 then reconstituted in minimum amount of DMSO and 
stored at 4 曟 for further use.

2.4. Determination of total phenolic content

  Total phenolic contents were determined by the Folin-
Ciocalteau reagent method [18]. The extract samples (0.5 ml) 
were mixed with 2.5 ml of 0.2N Folin-Ciocalteau reagent for 5 
min and 2.0 ml of 75 g/l sodium carbonate was then added. The 
absorbance of the reaction mixture was measured at 760 nm 
after 2 h of incubation at room temperature. The results were 
expressed as Gallic acid equivalents. 

2.5. Total flavonoid content 

  Total flavonoids in the PDME were determined in the method 
of Jia et al., [19]. Different concentrations of PDME (100, 200, 300, 
400, 500 毺g/mL) were mixed with 0.075 mL of NaNO2. After 6 
min, 0.15 mL of aluminium chloride was added and allowed 
to stand for 5 min. After incubation, 0.5 mL NaOH was added 
and made upto 2.5mL with distilled water. The solution was 
well mixed and the absorbance was immediately measured at 
510 nm using spectrophotometer. Quercetin at concentration 
ranging from (5-30 毺g) was used as standard. The total 
flavonoid content in the extract was expressed as quercetin 
equivalents. 

2.6. ABTS●+ radical cation decolorization assay

  The generation of the ABTS●+ radical cation forms the basis 
of one of the spectrophotometric methods that has been 
applied for the measurement of the total antioxidant activity 
of solutions of pure substances [20]. ABTS●+ was dissolved in 
water at a concentration of 7mM. The stock solution was mixed 
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with 2.5 mM potassium persulphate (final concentration). The 
mixture was allowed to stand in the dark at room temperature 
for 12-16 h before use for incomplete oxidation of ABTS●+. The 
radical was stable in this form for more than two days when 
stored in the dark at room temperature. The following reagents 
were added in the following order. The incubation mixture 
in a total volume of 5mL contained 0.54 mL of ABTS●+, 0.5 mL 
of phosphate buffer and varying concentrations of PDME (10, 
20, 30, 40 and 50 毺g/ml). The blank contained water in place 
of PDME. The absorbance was read in spectrophotometer at 
734 nm and compared with standard ascorbic acid at various 
concentrations.

% Scavenging =
Control OD - Test OD

Control OD
×100

2.7. DPPH radical scavenging activity

  This method is based on the scavenging of DPPH through the 
addition of a radical species or an antioxidant that decolourizes 
the DPPH solution. Radical scavenging activity of P.daemia 
extract was measured according to the method of Williams 
et al., [21]. The reaction mixture containing 1 ml of 0.1 mM 
DPPH•, various concentrations of extract (10, 20, 30, 40 and 50 
毺g/ml) were made up to 3 ml with water. Then the tubes were 
incubated for 10 minutes. The blue colour chromophore is 
formed and the absorbance of this solution was measured at 
517 nm. Gallic acid was used as standard for comparison. The 
percentage of free radical scavenging was calculated as per the 
formula mentioned above. A large decrease in the absorbance 
of the reaction mixture indicates significant free radical 
scavenging activity of the extract.

2.8. Reducing power assay

  The reducing power of the samples is determined according 
to the method described by Oyaizu [22]. Substances, which 
have reduction potential, react with potassium ferricyanide  
to  form  potassium  ferrocyanide,  which then  reacts  with  
ferric  chloride  to  form  ferric-ferrous complex that  has  an  
absorption  maximum  at 700 nm. Varying  volumes  of  (0.1-
0.5  ml)  of PDME  containing 10,  20,  30, 40  and  50 毺g/ml  
were  taken in  the  test tubes.,  mixed with a phosphate buffer 
(2.5 ml, 0.2 M, pH 6.6) and potassium ferricyanide (1%), and 
the mixture was incubated at 50 曟 for 20 min. Next, 1.5ml of 
trichloroacetic acid (10%) was added to the reaction mixture, 
which was then centrifuged at 3000 rpm for 10 min. The upper 
layer of the solution (0.5 ml) was mixed with distilled water (1 
ml) and ferric chloride (0.5 ml, 1%), and the absorbance was 
measured at 700 nm. Gallic acid was used as standard for 
comparison. 

2.9. Assay of nitric oxide-scavenging activity

  The procedure is 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 [23]. Scavengers of nitric oxide compete with 
oxygen, leading to reduced production of nitrite ions. For 
the experiment, sodium nitroprusside (10mM), in phosphate-
buffered saline, was 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 (1% sulfanilamide, 2% H3PO4 and 0.1% 
N-(1- naphthyl) ethylenediamine dihydrochloride) was added. 
The absorbance of the chromophore formed was read at 546 nm 
and Gallic acid was used as a standard.

2.10. Experimental animals and diet.

  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). The study was 
conducted on 24 golden Syrian hamsters (Mesocricetus auratus) 
weighing 90-120g, obtained from the Central Animal House, 
Department of Experimental Medicine, Rajah Muthiah Institute 
of Health Sciences, Annamalai University, Tamil Nadu, India. 
They were housed in polypropylene ages (47 x 34 x 20 cm), (six 
hamsters /cage) lined with husk, renewed every 24 h under a 
12:12 h light dark cycle at around 22o C and had free access 
to tap water and food. The animals were fed on a standard 
pelleted diet (Pranav Agro Industries Limited, Maharashtra, 
India). 

2.11. Experimental Design

  The animals were divided into four groups of six animals 
each. Group I: Untreated control, animals were painted with 
paraffin alone; Groups II: Animals were given the extract of 
P.daemia at a concentration 200 mg/kg bw dissolved in 0.5% 
DMSO orally in alternative days for a period of fourteen weeks 
using intragastric tube; Groups III and IV: The left buccal 
pouches of animals in group 3 and 4 were painted with 0.5% 
DMBA three times a week. In addition with, group 4 received 
the intragastic administration of P.daemia methanolic extract 
at a concentration of 200 mg/kg bw on days alternate to DMBA 
application. 
  All the experiment was terminated at the end of 14 weeks and 
all animals were anesthetized with ketamine hydrochloride (24 
mg/kg bw) and sacrificed by cervical decapitation. Blood was 
collected in two different tubes, i.e., one with anticoagulant for 
the separation of plasma and other without anticoagulant for 
the serum. Plasma and serum were separated by centrifugation 
for various biochemical estimations. The buccal tissues 
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were excised immediately and rinsed in ice-chilled normal 
physiological saline. Known weights of the tissues were 
homogenized in 5.0 ml of 0.1 M Tris hydrochloric acetic acid 
buffer (pH 7.4). The homogenates were centrifuged and the 
supernatant was used for the estimation of various biochemical 
parameters

2.12. Biochemical estimations

  Biochemical studies were conducted on circulation of 
control and experimental hamsters in each group.  A known 
amount of enzyme preparation was allowed to react with 
H2O2 in the presence of GSH for a specified time period. 
Then the remaining GSH content was measured. Reduced 
glutathione was estimated by the method of Ellman [24]. This 
method was based on the development of yellow colour when 
5,5’-dithio-bis-(2-nitrobenzoic acid) (DTNB) was added to 
compounds containing sulphydryl groups.  Vitamin E level 
in the plasma and erythrocyte membranes were determined 
colorimetrically by the method of Desai [25]. Vitamin E present 
in the lipid residue forms a pink colored complex with 
bathophenanthroline-phosphoric acid reagent, which was 
measured at 536 nm. Tissue vitamin E was measured by the 
fluorimetric method of Palan et al., [26]. The level of plasma 
vitamin C was determined by the method of Omaye et al.,[27]. 

2.13. Statistical analysis

  Statistical analysis was performed using one way analysis 
of variance followed by Duncan’s Multiple Range Test using 
Statistical Package for the Social Science software (SPSS) 
package version 12.00. Results were expressed as mean依
standard deviation for six animals in each group. P values 
<0.05 were considered statistically significant. 

3. Results

3.1. The content of phenol and flavonoid 

  The content of phenolic compounds (mg/g) in methanolic 
extract was found 10.2 mg/g plant extract and expressed in 
gallic acid equivalents (GAE). The flavonoid content were 
found to be 4.65 respectively mg/g plant extract in quercetin 
equivalent.

3.2. ABTS free radical scavenging activity
The graph (Fig. 1) indicates the ABTS radical cation scavenging 
potential of the methanol extracts of the P.daemia at each 
concentration, in the range of 10-50 毺g/ml. The mean values 
across the concentration range indicate that the methanol 
extracts of P.daemia was highly potent in neutralizing ABTS 
cation radicals and was comparable with that of GAE. The 
scavenging capacity of the PDME was 54% at 20 毺g and 58 

at 40 毺g GAE. The IC50 value indicated that the ABTS free 
radical scavenging activity with a 50% inhibition (IC50) at a 
concentration of 19.72 毺g/ml of PDME was nearly higher than 
GAE ((14.55 毺g/mL). 
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Figure 1. ABTS free radical scavenging activity of the methanolic 
extracts of Pergularia daemia in comparison with Gallic acid. Values are 
the average of triplicate experiments and represented as mean依standard 
deviation.
 
3.3. DPPH radical scavenging activity

  The graph revealed for DPPH radical-scavenging activity of 
the methanol extracts of the P.daemia (Fig. 2) elucidating the 
mean values across the concentration range, indicates that the 
methanol extracts of P.daemia are more potent in scavenging 
the DPPH radicals generated in vitro, when compared to the 
standard GAE. The methanolic extract of PDME exhibited a 
significant dose dependent inhibition of DPPH activity, with 
a 50% inhibition (IC50) at a concentration of 33.36 毺g/ml. The 
IC50 value of the extract was found to be close to that of the 
standard; GAE (34.12 毺g/ml). Compared to GAE the extract 
exhibited a similar curve of antioxidant activity. This result 
demonstrated that PDME extract has inhibitory activity against 
the DPPH radical.

80

70

60

50

40

30

20

10

0

In
hi

bi
tio

n 
(%

)

10                          20                         30                          40                        50

PDME         GAE

Concentration in 毺g/mL

Figure 2. DPPH radical scavenging activity of the methanolic extracts of 
Pergularia daemia in comparison with Gallic acid. Values are the average 
of triplicate experiments and represented as mean依standard deviation.

3.4. Reducing power

  Fig. 3 shows the reductive capabilities of the plant extract at 
each concentration, in the range of 10 to 50 毺g/ml compared 
to GAE. The reducing power of extract of PDME was very 
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potent and the reducing power of the extract was increased 
with quantity of sample. The plant extract could reduce the 
most Fe3+ ions, which had a lesser reductive activity than the 
standard of GAE. The methanolic extract of PDME exhibited 
a significant dose dependent inhibition of reducing power 
activity. 
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Figure 3. Reducing power of methanolic extracts of Pergularia daemia as 
compared to Gallic acid. Values are the average of triplicate experiments 
and represented as mean依standard deviation.

3.5. Nitric oxide radical inhibition

  The scavenging of nitric oxide by plant extract was increased 
in a dose dependent manner as illustrated in fig. 4. The 
extract of the aerial parts showed moderately good nitric oxide 
scavenging activity of 58% at 10 毺g /ml and 55 at 20 毺g GAE. 
At concentration of 32.37 mg/ml of extract 50% of nitric oxide 
generated by incubation was scavenged, while IC50 value of 
standard GAE was found 34.19 mg/ml. The aerial parts extract 
showed higher nitric oxide radical scavenging activity.
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Figure 4. Scavenging effect of the methanolic extracts of Pergularia 
daemia  and standard Gallic acid on Nitric oxide radical. Values are the 
average of triplicate experiments and represented as mean依standard 
deviation.

3.6. In vivo experiments-hamster buccal pouch model

  Fig. 5 shows the levels of GSH in plasma, erythrocyte and 
buccal tissue of normal and experimental animals. Animals 
induced with DMBA showed significant (P<0.05) decrease in the 
levels of plasma and erythrocyte vitamin C, vitamin E and GSH 

while the buccal tissue showed significant (P<0.05) increase 
in the levels of vitamin E and GSH compared to normal 
control animals. Animals treated with PDME alone showed no 
significant difference in non-enzymatic antioxidant status as 
compared to control animals. Oral pretreatment with PDME 
(200mg/kg) to DMBA painted animals significantly (P<0.05) 
increased the levels of plasma and erythrocyte where as the 
levels of GSH in the buccal tissue were increased compared to 
DMBA alone treated animals.
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Figure 5. The levels of GSH in (A) Plasma, (B) erythrocytes  and (C) 
Buccal tissue of control and experimental animals in each group. Group 
I: control; Group II: PDME alone (200 mg/kg bw); Group III: DMBA; Group 
IV: PDME (200 mg/kg bw) + DMBA. Each column is mean依SD for six 
animals in each group; columns that have different letters (a, b, c) differ 
significantly with each other (P<0.05; Duncan’s multiple range test). 
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  Fig. 6 depicts the levels of plasma vitamin C in normal 
and DMBA painted animals. Animals induced with DMBA 
exhibited significant (P<0.05) decreased in the levels of plasma 
vitamin-C compared with normal control animals. Animals 
treated with PDME alone (Groups II-IV) showed no significant 
difference in non-enzymatic antioxidant status as compared 
to control animals. Where as oral pretreatment with PDME 
(200mg/kg) to DMBA painted animals significantly (P<0.05) 
increased in the level of plasma in Vitamin C compared to 
DMBA alone induced animals
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Figure 6. The levels of Vitamin C in Plasma of Control and experimental 
animals in each group of experimental design. Group I: control; Group II: 
PDME alone (200 mg /kg bw); Group III: DMBA; Group IV: PDME (200 mg/
kg bw) + DMBA. Each column is mean依SD for six animals in each group; 
columns that have different letters (a, b, c) differ significantly with each 
other (P<0.05; Duncan’s multiple range test).

  Fig. 7 depicts the levels of vitamin-E in plasma, erythrocyte 
lysate and buccal tissues of normal and DMBA painted 
animals. Animals induced with DMBA exhibited significant 
(P<0.05) decrease in the levels of Vitamin E in circulation, 
whereas increased in buccal tissue compared with normal 
control animals. Animals treated with PDME alone showed no 
significant difference in non-enzymatic antioxidant status as 
compared to control animals. Oral pretreatment with PDME 
(200mg/kg) to DMBA painted animals significantly (P<0.05) 
increased the level of circulation in Vitamin E, decreased in 
buccal tissue compared to DMBA alone induced animals.
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Figure 7. The levels of Vitamin E in (A) Plasma, (B) erythrocyte lysate 
and (C) Buccal tissue of Control and experimental animals in each group 
of experimental design. Group I: control; Group II: PDME alone (200 mg 
/kg bw); Group III: DMBA; Group IV: PDME (200 mg/kg bw) + DMBA. 
Each column is mean依SD for six animals in each group; columns that 
have different letters (a, b, c) differ significantly with each other (P<0.05; 
Duncan’s multiple range test).

4. Discussion

  The antioxidant activity of PDME is probably due to its 
polyphenolic contents. It is well known that phenolic 
compounds are constituents of many plants, and they have 
attracted a great deal of public and scientific interest because 
of their health promoting effects as antioxidants. Studies have 
shown that increasing levels of flavonoids in the diet could 
reduce the incidence of certain human diseases [28]. Numerous 
plant constituents have proven to show free radical scavenging 
or antioxidants activity [29]. The antioxidant activity of PDME 



Kandhan Karthishwaran et al./Asian Paicfic Journal of Tropical Disease (2012)S509-S516 S515

could be attributed to its flavonoidal content. Flavonoids act as 
scavengers of various oxidizing species i.e. super oxide anion 
(O2-•), hydroxyl radical or peroxy radicals, they also act as 
quenchers of singlet oxygen [30].
  DPPH● and ABTS●+ have been widely used to test the free 
radical scavenging ability of various antioxidants commonly 
found in plant extracts [31]. The antioxidant activity of PDME 
was also determined in the DPPH radical assay, which 
primarily evaluates proton radical-scavenging ability [32]. In 
the present study, PDME showed a concentration dependent 
scavenging of DPPH and ABTS radical, which may be attribute 
to its hydrogen-donating ability.
  ABTS●+ radicals and unlike the reaction with DPPH● radical 
which involve H atom transfer the reactions with ABTS●+ 
radicals involve electron transfer process. The kinetics of 
DPPH● and ABTS●+ radical involve electron transfer process. 
The kinetics of DPPH and ABTS●+ radical scavenging efficiency 
of the extract analyzed by stopped-flow kinetic spectrometry 
showed the presence of two active components in the extract 
(kaempferol  and Quercetin glycosides), evidently responsible 
for the antioxidant activity.
  The methanolic extract of P.daemia possesses reducing power 
property. The reducing power property means that several 
compounds derived from P.daemia are electron donors, and 
therefore it can reduce the oxidized intermediates of lipid 
peroxidation process, so that they can act as primary and 
secondary antioxidants [33]. In reducing power assay, the yellow 
colour of the test solution changes to various shades of green 
and blue depending upon the reducing power of P.daemia 
extract. The presence of reductants (i.e. antioxidants) in the 
herbal extracts causes the reduction of the Fe3+/ferricyanide 
complex to the ferrous form. Therefore, the Fe2+ can be 
monitored by measuring the formation of Perl’s Prussian blue 
at 700 nm [34].
  The aerial parts of PDME showed moderate nitric oxide-
scavenging capacity. In addition to ROS, nitric oxide is also 
implicated in inflammation, cancer and other pathological 
conditions [35]. Consequently, this plant has potentials for 
counteract the effect of NO formation and it may be got 
considerable interest in preventing the ill effects of excessive 
NO generation in the human body. Furthermore, NO scavenging 
activity may also help to arrest the chain of reactions initiated 
by excess generation of NO that are detrimental to human 
health.
  The Syrian golden hamster buccal pouch carcinogenesis 
model closely mimics events in the development of 
precancerous lesions and epidermoid carcinomas of the 
oral cavity in humans using topically and chronically 
applied DMBA. DMBA is a member of polycyclic aromatic 
hydrocarbons that are present in the environment as products 
of incomplete combustion of complex hydrocarbons. Being 
an indirect carcinogen, DMBA, after metabolic activation, has 
been suggested to induce cancer through oxidatively mediated 
genotoxicity by incorporating diolepoxide and other ROS into 
DNA [36].
  The non-enzymic antioxidant systems are the second line 
of defence against free radical damage. GSH is an important 
non-protein cellular thiol conjugates with GPx which  plays 
a regulatory role in cell proliferation [37]. GSH dependent 
enzymes are involved in scavenging the electrophilic moieties 
involved in the cancer initiation [38]. We also observed 
decreased activity of GSH in tumor-bearing animals. GSH 
serves as a marker for evaluation of oxidative stress and it acts 

as an antioxidant at both intracellular and extracellular levels 
[39]. Ascorbic acid is a good scavenger of free radicals and it 
protects cellular membranes thereby preventing degenerative 
disease like cancer [40].  Decreased levels of water-soluble 
antioxidant in cancer-bearing animals may be due to the 
utilization of antioxidants to scavenge free radicals. Vitamin C 
undergoes a synergistic interaction with tocopheroxyl radical 
in the regeneration of α-tocopherol [41]. Vitamin E is a potent 
oxygen radical scavenger that protects cell membranes from 
oxidative damage initiated by carcinogens [42]. The free radical 
scavenging capacity of vitamin E is due to the localization of 
unpaired electron on its conjugated double bond. Whereas 
treated animals showed PDME increased the GSH levels, which 
clearly suggest their antioxidant property. The redox cycle of 
GSH has a vital role in the cellular response to bioreduction/
oxidation of various classes of toxic free radicals in disease 
processes and hence, has an important physiological role in 
cancer. 

5. Conclusion

  In conclusion, the results obtained that P. daemia was proved 
to be the richest in phenolic compounds, and the largest share 
of flavonoids was found in aerial parts of methanolic extract. 
In experiments evaluating the efficacy and safety of the aerial 
parts of P.daemia extract showed high potency of the extract 
(200mg/kg bw) in the experimental in vivo system. We consider 
that this methanolic extract deserves more intensive study, 
bioavailability and possible protection against anticancer 
activity to understand their real potential as nutraceuticals. 
This study suggested that the PDME possess antioxidant 
activity, which might be helpful in preventing or slowing the 
progress of various types of cancer.
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