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Abstract Plant extracts are extensively used in folk med-

icine to treat the snake bites. In the present study, anti-

venom potential of Canthium parviflorum root extracts

against Naja naja venom was studied by in vitro and

in vivo methods. Ethyl acetate and methanolic root extracts

were analysed for in vitro neutralization of 50-nucleotidase,
phospholipase A2, acetylcholinesterase, phosphodiesterase,

hyaluronidase, phosphomonoesterase and protease enzyme

activities. Neutralization of pharmacological activities like

fibrinogenolytic, and direct and indirect haemolytic activ-

ities with active methanol extract was performed. Lethal

toxicity determination and its inhibition by root extract

were carried out in vitro on chick embryo and in vivo on

mice model. Further, venom induced edema, myotoxicity

and its neutralization were carried out in the mice model.

Both extracts inhibited all enzyme activities in a dose

dependent manner with various IC50 values. However, only

methanol extract effectively neutralized protease activity.

Active methanol extract significantly neutralized all the

pharmacological activities at various concentrations. Lethal

dose (LD50) of venom was 2.5 lg/egg and effective dose of
plant was 0.79 mg/egg for 2 LD50 of the venom. LD50

value of venom was 0.38 mg/kg body weight of mice and

survival time was prolonged due to plant extract. At 1:10

and 1:20 of venom: plant extract concentration (w/w) sig-

nificantly neutralized edema and myotoxic effects respec-

tively in mice model. The present study revealed the

potential of C. parviflorum root extract for its anti-venom

properties and the plants could be considered as a potential

source of anti-venom phytoconstituents.
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Introduction

Snake bite is a medical emergency for rural people in

tropical and subtropical countries like India and it leads to

high mortality and morbidity among the rural population.

Snake bite has been included in the World health Organi-

zation (WHO) list of neglected tropical diseases. It is

estimated that 2.5 million people envenomed each year on

a global basis and approximately 35,000–50,000 deaths are

reported in India annually [1]. An accurate measure of

snake bite remains elusive as most victims approach tra-

ditional healers for treatment and statistics solely depends

on medical record. Though there are 52 poisonous varieties

of snakes in India, only four such as Naja naja (Indian

cobra), Bangarus caeruleus (Krait), Daboia russelli (Rus-

sell’s viper) and Echis carinatus (Saw Scaled Viper) are

responsible for maximum poisonous bites [1]. N. naja

venom is highly neurotoxic in nature, it leads to respiratory

paralysis and death even before any medical help can

reach. The venom mainly consists of cardiotoxin and post-

synaptic neurotoxin which act on the synaptic gap of

neuron. The cardiotoxin from cobra acts on cardiac cells

and depolarize them leading to systolic arrest [2, 3].
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Presence of a higher quantity of basic phospholipase and

other low molecular weight polypeptides in Indian cobra as

compared to other species of Naja genus is responsible for

their potent lethality [4]. Several pharmacological activities

associated with the venom are due to multi molecular

forms of phospholipase A2 which is the single most

abundant toxic enzyme present in N. naja venom [5].

The widely accepted therapy for snake bite is immediate

administration of anti-venom. In India, only polyvalent

anti-venom is available which is often associated with

hypersensitivity, anaphylaxis reaction and serum sickness

[5, 6]. Due to geographical variations in venom composi-

tion of snakes, anti-venom raised against one geographical

location may not be able to produce full neutralization of

venom from other geographical location [4]. Antiserum

was not efficient in giving protection against venom as it

induced local effect such as necrosis, edema and degra-

dation of extracellular matrix [7]. Neurotoxic envenoma-

tion like cobra and krait bite can be treated successfully

with the mechanical ventilator and anti-AChE drug without

the anti-venom administration [8].

In rural area, traditional healers use the plants to treat a

snake bite without prior administration or after adminis-

tration of antiserum as an accepted treatment by snake bite

victims. According to the WHO, nearly 80% of the snake

bite victims depend on herbal medicines to meet primary

health care needs due to low cost and availability. During

recent years, more attention has been paid to systematic

evaluation of the plant for anti-venom properties. Many

medicinal plants were used for snake bite and were sys-

tematically evaluated for the same. Methanol extract of

Curcuma aromatica, Aristolochia indica, Andrographis

paniculata and Curcuma zeodaria were reported for inhi-

bition of Daboia russelli, Echis carainatus, Ophiophagus

hannah, and N. kaouthia venom toxic effects by in vitro

and in vivo methods [9].

The Canthium parviflorum plant is well known for its

medicinal properties like anti-inflammatory, anti-cancer,

anaemia, toothache, cough, snake bite, antioxidant, diuretic

activity, constipation, antihelminthic, diarrhoea, fever,

leucorrhoea and general disability. Though the ethno-

medicinal report on this plant is well known for treating

snake bites but it has not been scientifically evaluated [10].

The plant was selected based on extensive literature and

individual survey conducted with tribal practioners (Wes-

tern Ghats of Karnataka, India) using plant as source of

anti-venom. The present study was aimed to evaluate the

anti-venom potential of C. parviflorum root extract against

N. naja (Indian cobra) venom by in vitro and in vivo

methods.

Material and Methods

Chemicals

50-Adenosine mono phosphate (50AMP), acetyl thiocholine

iodide, lecithin, danisidine hydrochloride, peroxidase, dis-

odium nitro phenol phosphate and bovine fibrinogen were

procured from Himedia Laboratories, India. Casein was

procured from Sigma Aldrich, USA. All other chemicals

and reagents were of analytical grade.

Venom, Experimental Mice and Eggs

The lyophilized venom of N. naja (Indian cobra) was

procured from Irula Snake Catcher’s Co-operative Society,

Kancheepuram, Chennai and was stored at 4 �C. In vivo

studies were carried out in Nargund College of Pharmacy,

Karnataka, India (Ethical committee approval number

IAEC/NCP/92/2015). Swiss albino male mice weighing

25–30 g were procured from Sri Raghavendra Enterprises,

Bangalore (Registration Number of the breeder 841/b/04/

CPCSEA). Animal care and handling was conducted

according to the regulations given by Institutional Animal

Ethics Committee. Blood samples were obtained from

healthy volunteers and consent was obtained from donors.

The in vitro chick embryo experiment was performed at the

Institute of Animal Health and Veterinary Biological

(IAHVB) and eggs were procured from Department of

Poultry, Bangalore Veterinary College, Bangalore, Kar-

nataka, India.

Preparation of Extract

The roots of the C. parviflorum were collected in the month

of October 2015 from Kalasa based on tribal information

from Kudremukh, Karnataka, India with permission of the

Forest department. The plant was identified and authenti-

cated (RRCBI-MUS/03) at National Ayurveda Dietetics

Research Institute, Bangalore, Karnataka, India. The col-

lected plant material was shade dried and powdered. Dried

plant material of 40 g was subjected to serial extraction by

soxhlet apparatus using 400 mL of ethyl acetate and

methanol as a solvent system. The extracts were concen-

trated by rotary vacuum evaporator and residue obtained

was dried. Before use, it was dissolved in saline and cen-

trifuged at 2000 rpm for 10 min and supernatant was used

for further studies.

Qualitative Phytochemical Analysis

Preliminary phytochemical screening was done for alka-

loids, phenols, tannins, saponins, terpenoids, flavonoids,
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steroids, quinones, glycosides and carbohydrates using

standard procedure [11].

In Vitro Enzyme Inhibition Studies

For inhibition studies, N. naja venom was pre-incubated

with plant extracts (ethyl acetate and methanol) of different

concentration for 30 min at 37 �C. Inhibitory concentration
value (IC50) values were determined for all enzyme

activity.

50-Nucleotidase Assay

50-Nucleotidase was assayed using 50-AMP as substrate

[12]. The reaction mixture contained 1.0 mL of Tris–HCl

buffer (pH 8.0), 0.1 mL of 0.1 M magnesium chloride

and 0.8 mL of 0.15% 50-AMP followed by 0.25 mL of

0.1% (w/v) crude venom. The reaction mixture was

incubated at 37 �C for 15 min. At the end of incubation

time, the reaction was terminated by adding TCA and

filtered. The filtrate was assayed for inorganic phosphate

at 625 nm using potassium dihydrogen phosphate as

standard. One unit of enzyme activity was defined as the

amount that yielded 0.01 lM of inorganic phosphate/min

under the experimental conditions. For the inhibition

studies, venom was pre-incubated with the plant extracts

of different concentrations for 30 min at 37 �C (100, 200,

300, 400 lg/mL).

Phospholipase A2 assay

Phospholipase A2 activity was determined according to the

acidimetric method given by Tan and Tan with little

modification [13]. The reaction mixture consists of three

equal parts of 1% lecithin, 18 mM calcium chloride and

8.1 mM sodium deoxycholate. The pH of the suspension

was adjusted to 8.0 with 0.1 M of sodium hydroxide and

stirred for 10 min to ensure homogenous mixing. Venom

(0.1 mL of 0.1% w/v) solution was added to 15 mL of egg

yolk suspension to initiate the hydrolysis. The initial

decrease in pH was measured by a pH meter. Inhibition

study was carried out by pre-incubating the venom with

plant extract of different concentrations for 30 min (100,

200,300, 400 lg/mL). A decrease of 1 pH unit corresponds

to 133 lM of fatty acid release.

Acetylcholinesterase Assay

Acetylcholinesterase was determined using acetylthio-

choline iodide (AI) as the substrate [14]. Crude venom of

50 lL (0.1% w/v) and 3 mL phosphate buffer (pH 8.0)

was incubated at room temperature for 5 min and 10 lL
5,50-dithiobis-2-nitrobenzoic acid (DTNB) (10 mM/L) and

20 lL substrate acetylthiocholine iodide (158.5 mM/L)

were added in order to reach a final concentration of

1 mM/L. The increase in absorbance at 412 nm was

measured on a double beam spectrophotometer against

control mixture prepared at the same time. For the inhi-

bition studies, venom was pre-incubated with plant

extracts of different concentrations for 30 min at 37 �C
(100, 200, 300, 400 lg/mL).

Phosphodiesterase Assay

Phosphodiesterase was measured using disodium-p-nitro-

phenol phosphate (DNPP) as the substrate [15]. Reaction

mixture consisted of 0.1 mL 0.25% (w/v) of venom solu-

tion, 0.5 mL 0.0025 M DNPP, 0.3 mL 0.01 M MgSO4 and

0.5 mL 0.17 M Tris–HCl buffer (pH 8.0). The reaction was

measured at 400 nm. Phosphodiesterase activity was

expressed in nM of product released/min. Inhibition study

was carried out by pre-incubating venom with plant extract

of different concentrations for 30 min (100, 200, 300,

400 lg/mL).

Hyaluronidase Assay

Hyaluronidase activity of crude venom was determined

turbidometrically using sodium hyaluronate as substrate

[16]. The assay mixture contained Tris–HCl buffer (pH

8.0), 50 mg hyaluronic acid (0.5 mg/mL in buffer) and the

enzyme in the same buffer in a final volume of 1.0 mL. The

mixture was incubated for 15 min at 37 �C and the reaction

was stopped by the addition of 2 mL 2.5% (w/v) cetyl-

trimethyl ammonium bromide (cTAB) in 2% (w/v) NaOH.

The absorbance was read at 400 nm (within 10 min)

against a blank containing 1 mL of the same buffer and

2 mL 2.5% (w/v) cTAB in 2% (w/v) NaOH. Inhibition

study was carried out by pre-incubating venom with the

plant extract for 30 min (100, 200, 300, 400 lg/mL).

Turbidity reducing activity was expressed as a percentage

of the remaining hyaluronic acid, taking the absorbance of

a tube in which no enzyme was added as 100%. One unit

was defined as the amount of enzyme that provoked 50%

turbidity reduction.

Phosphomonoesterase Assay

Method of Bessey et al. [17] was employed to determine

phosphomonoesterase activity with slight modifications.

To a mixture of 1.0 mL Tris–HCl buffer (pH 8.0) and

1.0 mL disodium-p-nitrophenol phosphate, 0.5 mL

0.25% (w/v) crude venom was added and incubated at

37 �C for 3 h. The absorbance was measured at 425 nm.

p-Nitrophenol was used as the standard. One unit of

enzyme activity was defined as the amount that yielded

Anti-Venom Potential of Canthium parviflorum Against Naja naja Venom by In Vitro and In Vivo… 485

123



0.1 lM of p-nitrophenol/h under the experimental con-

ditions. For inhibition study venom was pre incubated

with plant extract of different concentrations (50, 100,

15 0, 200 lg/mL).

Protease Assay

The reaction mixture was composed of 0.5% casein and

1.0 mL Tris–HCl buffer (pH 8.0), 0.5 mL 0.25% (w/v) of

crude venom was added and the reaction mixture was

incubated for 4 h, at 37 �C. At the end of 4 h the reaction

was terminated by adding TCA and then filtered. Filtrate

(1.0 mL) was used for protein estimation using L-tyrosine

as a standard. In the above investigation, one unit of

enzyme activity was defined as the amount that yielded

0.02 lM of tyrosine/h under the experimental conditions

described by Greenberg [18]. For the inhibition studies,

venom was pre-incubated with the plant extracts of dif-

ferent concentrations for 30 min at 37 �C (100, 200, 300,

400 lg/mL).

Inhibition of Pharmacological Activities

Neutralization of Fibrinogenolytic Activity

Venom (5 lg) was incubated with bovine fibrinogen

(50 lg) for 1 h at 37 �C. Reaction was terminated by

adding 20 lL of denaturing buffer containing 1 M urea, 4%

SDS (w/v) and 4% b-mercaptoethanol (w/v). The hydrol-

ysed product was analysed with 12% SDS and the protein

pattern was visualized by staining with Coomassie brilliant

blue. For inhibition study, venom (5 lg) was pre-incubated
with methanol extract of different concentrations for

30 min at 37 �C (venom to methanol extract (w/w) 1:1,

1:2, 1:4, 1:8). Fibrinogenolytic pattern was analysed by

incubating fibrinogen with different concentrations of

venom [19].

In Vitro Human Red Blood Corpuscles Stabilization

Properties of C. parviflorum Methanol Extract Against N.

naja Venom Induced Haemolysis (Direct Haemolysis

Assay)

Hypo-saline induced haemolysis was modified in the pre-

sent study by venom induced haemolysis of human red

blood corpuscles (HRBC) [20]. Different tubes were filled

with 1 mL of venom (100 lg/mL), 1 mL phosphate buffer

pH 7.4, 1 mL of 1% HRBC and varying concentrations of

methanol extracts (100, 200, 300 and 400 lg/mL). Control

consisted of the same composition but was free of plant

extract. The mixtures were incubated at 37 �C for 30 min

and then centrifuged at 1000 rpm for 3 min. The absor-

bance of the supernatant was measured at 540 nm using a

spectrophotometer. The inhibition percent of haemolysis

was calculated by the following equation.

Inhibition % haemolysis ¼ Ac� At=Acð Þ � 100

where, Ac is absorbance of control without extract and At

is absorbance of test with extract in venom solution.

Indirect Haemolysis Assay (Phospholipase A2 Activity)

Phospholipase A2 activity was measured on agarose-ery-

throcyte-egg gel plate [7]. The venom was added to agar-

ose-erythrocyte-egg gel plate and saline served as a control.

The neutralization of haemolysis was carried out by incu-

bating constant amount of venom with different concen-

trations of methanol extract (venom to methanol extract

ratio w/w, 1:5, 1:10, 1:15, and 1:20). The plates were

incubated at 37 �C overnight and haemolytic halos were

measured. The minimum indirect haemolytic diameter

(MIHD) corresponds to dosages of venom, which produced

haemolytic halo of 10 mm diameter.

Assessment of Venom Toxicity and Its

Neutralization by Plant Extract on Chick Embryo

and Mice Experimental Model

Determination and Neutralization of Lethal Toxicity Using

Chick Embryo Model

The lethal toxicity of N. naja venom was determined using

the chick embryo model method developed by Sells et al.

[21]. As a modification to this method, contents in the egg

were not transferred out of egg instead test sample was

transferred inside the eggs at the apex without disturbing

the content inside [22]. Six days old eggs were surface

sterilized with alcohol and a small opening was made on

the apex of the eggs. Venom of different concentration in

constant volume of saline was transferred to the egg using

syringe (1–5 lg/0.1 mL), while control group of eggs

(n = 6) were transferred with saline. The holes were sealed

using wax to avoid the contamination and desiccation of

the eggs contents. Eggs were incubated for 24 h in

swinging incubator at 37 �C and 65% relative humidity for

embryogenesis. After 24 h of incubation, eggs were

observed for survivality by using candling technique.

For the venom neutralization, 2LD 50 was taken as

challenging dose and challenging dose of the venom was

incubated with methanol extract of C. parviflorum at dif-

ferent concentrations for 30 min and survivality was

recorded at 24 h. Effective dose (ED50) is the concentration

of anti-venom/plant extracts needed for survival of 50% of

the embryos injected.
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Determination and Neutralization of Lethal Toxicity

in Mice Model

Different concentration of venom in 0.2 mL of saline was

injected in mice (n = 5) by the intraperitoneal route [22].

Lethal toxicity calculation was done according to the

method of Meier and Theakston [23]. For inhibition of N.

naja venom induced lethal toxicity, 3LD50 of venom was

selected as challenging dose. Neutralization of lethal tox-

icity was performed by pre-incubation of venom with plant

extract of different concentrations (n = 5) and separate

injection of venom followed by plant extract of different

concentrations (n = 5). As a separate injection protocol,

two different concentrations of plant extract were injected

into same spot exactly after 5 min after venom injection

(3LD50). Survival time was recorded at 24 h and signs of

neurotoxicity were observed.

Neutralization of Edema Activity

Group of mice (n = 5) were injected with 5 lg of venom

in 20 lL of saline into right foot pad and left footpads

injected with 20 lL of saline served as control. After 1 h,

mice were anaesthetized, foot pad was cut at the ankle joint

and increase in weight due to edema was measured. Min-

imum edema dose (MED) was defined as amount of venom

required to cause an edema ratio 120%. For the neutral-

ization studies, MED of venom was incubated with dif-

ferent concentrations of methanol plant extract [5].

Neutralization of Myotoxic Activity

The myotoxic activity was determined by measuring the

elevation of cytoplasmic marker enzyme lactate dehydro-

genase (LDH) in the serum [24]. Group one mice (n = 5)

and group two mice (n = 5) were injected with saline and

half the LD50 of venom in 50 lL saline respectively by

intramuscular route. Group three (n = 5) and four mice

(n = 5) were injected with venom pre-incubated with

methanol extract of C. parviflorum at two different con-

centrations. The fifth group (n = 5) of mice was injected

with the plant extract alone at a higher concentration. After

3 h mice were anesthetized and blood was drawn by retro

orbital method. Serum LDH enzyme activity was assayed.

Statistical Analysis

Statistical analysis was performed using Graph Pad Prism

6. The significance between the groups was calculated

using student unpaired t test. Statistical symbol ‘a’ repre-

sents P\ 0.05, ‘b’ represents P\ 0.01, ‘c’ represents

P\ 0.001 and ‘d’ represents P\ 0.0001. Inhibitory con-

centration (IC50) is dosage of extract required to produce

50% inhibition of enzyme activity was calculated using

regression analysis. Effective dose (ED50) was calculated

for pharmacological activity similar to inhibitory concen-

tration determination.

Results and Discussion

Plant Extraction And Qualitative Phytochemical

Analysis

The extracts were dried under rotary vacuum evaporator,

the yield of ethyl acetate extract was 0.61 g and methanol

extract was 1.26 g. The extracts were stable at room tem-

perature for more than 6 months. Preliminary phytochem-

ical analysis revealed the presence of alkaloids, phenols,

saponins, terpenoids, flavonoids, steroids, glycosides, tan-

nins and carbohydrates in both the extracts, whereas qui-

nones were present only in methanol extract.

In Vitro Enzyme Inhibition Studies

Ethyl acetate and methanol extract were analysed for

neutralization of enzyme activities (in vitro enzyme neu-

tralization). Both the extracts significantly neutralized 50-
nucleotidase, phospholipase A2, acetylcholinesterase,

phosphodiesterase, hyaluronidase and phosphomo-

noesterase activities at various concentrations. Methanol

extract neutralized protease activity whereas ethyl acetate

extracts did not neutralize protease enzyme activity up to

1000 lg/mL concentration (Figs. 1 and 2). Inhibitory

concentration value of plant extracts for enzyme inhibition

studies are tabulated (Table 1).

Neutralization of Fibrinogenolytic Activity

Fibrinogenolytic activity of N. naja venom was analyzed

electrophoretically using fibrinogen as substrate on 12%

agarose gel (Fig. 3). N. naja venom at 5 lg concentration

degraded only Aa band of the fibrinogen and further

increase in venom concentration up to 30 lg did not

degrade Bb and c bands of fibrinogen (not shown in the

result). Venom to methanol extracts ratio 1:1(w/w) effec-

tively neutralized venom induced fibrinogenolytic activity.

Direct Haemolysis Assay

Venom (100 lg/ml) was pre-incubated with different

concentration of C. parviflorum methanol extract ranging

from 100 to 400 lg/mL. Results are expressed as per-

centage inhibition of haemolysis compared to control.

Methanol extract neutralized N. naja venom induced

HRBC lysis in a dose dependent manner (Fig. 4). Dose
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dependent inhibition was observed and ED50 values of C.

parviflorum for N. naja venom induced haemolysis was

360.91 lg/mL.

Indirect Haemolysis Assay (Phospholipase A2

activity)

Methanol extract effectively neutralized the indirect hae-

molytic activity on agarose-erythrocyte-egg yolk gel plate

(Fig. 5). N. naja venom of 2 lg produced haemolytic halo

of 12 mm, which was completely inhibited by venom to

methanol extract ratio of 1:20 w/w.

Fig. 1 Inhibition of 50-
nucleotidase activity (A),
phospholipase A2 activity (B),
acetylcholine estrase activity

(C) and phosphodiesterase

activity (D) of N.naja venom by

methanol and ethyl acetate

extracts of C. parviflorum root

extracts. Results were expressed

mean ± SEM. ‘a’ represents

P\ 0.05, ‘b’ represents

P\ 0.01, ‘c’ represents

P\ 0.001 and ‘d’ represents

P\ 0.0001

Fig. 2 Inhibition of

hyaluronidase activity (A),
phosphomonoesterase activity

(B) and protease activity (C) of
N.naja venom by methanol and

ethyl acetate extracts of C.

parviflorum root extracts.

Results were expressed

mean ± SEM. ‘a’ represents

P\ 0.05, ‘b’ represents

P\ 0.01, ‘c’ represents

P\ 0.001 and ‘d’ represents

P\ 0.0001

Table 1 IC50 values of various enzyme activities of N. naja venom

by ethyl acetate and methanol extracts of C. parviflorum

Enzyme activity IC50 values of ethyl

acetate extract (lg/ml)

IC50 values of

methanol extract

(lg/ml)

50-nucleotidase 220.58 178.13

Phospholipase A2 346.09 378.72

Acetylcholinesterase 130.75 294.78

Phosphodiesterase 193.56 138.16

Hyaluronidase 230.72 218.92

Phosphomonoesterase 155.72 164.14

Protease – 287.18

488 V. M. Shrikanth et al.

123



Determination of LD50 Value and Neutralization

of Lethal Toxicity in Chick Embryo and Mice Model

LD50 value for chick embryo model was 2.5 lg/egg. All
the embryos were dead on exposure to 2LD50 of the

venom. Effective dose (ED50) in chick embryo model was

0.79 mg/egg for 2LD50 of the venom. The embryos were

considered dead as they were motionless with no distin-

guishable vasculature (Fig. 6). LD50 of venom in the mice

model was 0.38 mg/kg body weight. Neurotoxic symptoms

like convulsion, lacrimation, urination, difficulty in

breathing and respiratory failure were observed when

venom was injected and survival time was 1 h and 15 min.

No neurotoxic symptoms were observed in inhibition

studies. Both method of inhibition using plant extract

delayed these symptoms. Survival time of the mice

increased more than two times in comparison to control

and was similar among the two inhibition studies (Table 2).

Neutralization of Edema Inducing Activity

The N. naja venom (5 lg) produced edema ratio of

173.45%, for the inhibition study 5 lg of venom was pre-

incubated with two different concentrations (venom to

extract w/w 1:10 and 1:20) of methanol extract. Significant

decrease in edema ratio was observed when venom was

pre-incubated with methanol extract of a different con-

centration (Fig. 7).

Neutralization of Myotoxic Activity

N. naja venom induced skeletal muscle damage was

quantified by measuring the elevated LDH enzyme activi-

ties in the serum. Half of the LD50 value of N. naja venom

was responsible for elevation of LDH activities to

8485 ± 21.21 U/L against the control values of

568.33 ± 7.6 U/L in the serum of control mice. For the

inhibition studies, venom was pre-incubated with C.

parviflorum methanol extract of two different concentra-

tions 1:10 and 1:20, respectively (venom: extract, w/w).

Myotoxic effect was found to be significantly neutralized

by methanolic plant extract in mice model. Plant extract

alone was found to be non-myotoxic in mice model

(Fig. 8).

Fig. 3 Inhibition of N. naja venom induced fibrinogenolytic activity

by C. parviflorum methanol extract. Lane A- fibrinogen control, Lane

B and C- fibrinogen ? 5 lg of N. naja venom (F ? V), Lanes D, E, F

and G-F ? V incubated with plant extract of different concentration

(venom to extract (w/w), 1:1, 1:2, 1:4 and 1:8)

Fig. 4 Neutralization of direct haemolysis activity by C. parviflorum

methanol extract. Values represented in % inhibition of haemolysis by

C. parviflorum methanol extract Results were expressed mean ±

SEM. ‘a’ represents P\ 0.05

Fig. 5 Neutralization of indirect haemolysis activity induced by N.

naja venom by C. parviflorum methanol extract on agarose-erythro-

cyte-egg yolk gel plate. A and B: (v)-1MHH venom, (1), (2), (3) and

(4) -1:5, 1:10, 1:15 and 1:20 venom: extract (w/w) respectively
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All the above observations indicate that C. parviflorum

possesses active phytochemicals responsible for inhibition

of N. naja venom induced in vitro and in vivo activity. N.

naja venom is rich in post-synaptic neurotoxin, phospho-

lipase A2, protease, alkaline phosphatases, ATPase, hya-

luronidase, acetylcholinesterase and more reported for

mortality and morbidity. All these are major enzymes

which contribute to easy movement of other enzymes,

membrane degradation, early reaction, myotoxicity, neu-

rotoxicity, cytotoxicity and hypotension in snake bite [4].

Hyaluronidase is a spreading factor but it has been

neglected because of lack of its toxicity. This hydrolytic

enzyme is involved in deterioration of structural integrity

of extra cellular matrix and thereby helps in spreading of

other enzymes. Inhibition of this enzyme retards the

spreading of other enzymes into the body. However, anti-

Fig. 6 Determination of lethal

toxicity using egg embryo

model. A Egg was considered as

alive with distinguishable

vasculature. B Egg was dead,

motionless and no

distinguishable vasculature

Fig. 7 Neutralization of edema activity induced by N. naja venom by

C. parviflorum methanol extract. Results were expressed mean ± -

SEM (n = 5). Where ‘a’ represents P\ 0.05
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Fig. 8 Neutralization of myotoxic activity induced by N. naja venom

by C. parviflorum methanol extract. Result were expressed mean ± -

SEM (n = 5). ‘a’ represents P\ 0.05 and ‘d’ represents P\ 0.0001.

LDH activity represented as U/L

Table 2 Neutralization of challenging dose of N. naja venom (3LD50) by C. parviflorum methanol extracts by pre-incubation and separate

injection protocols

3 LD50 of the venom (h) Saline (h) Venom:methanol extract (w/w)

1:10

(h)

Venom:methanol extract (w/w)

1:20

(h)

C.parviflorum

Pre-incubation method

1:15:00a 24b 01:45:00 03:05:00

C.parviflorum

Separate injection method

1:15:00a 24b 02.05:00 03:15:00

‘a’ represents all mice dead and ‘b’ represents all survived
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venom fails to neutralize the local effect and it is continued

even after anti-venom treatment.

Both non-polar and polar extracts neutralized all these

enzyme activities with various IC50 values. Some of the

enzymes were completely neutralized by the plant extracts

at lower concentration. Interestingly in the present study,

methanol extract was more efficient in neutralization of the

degradation of casein substrate by the protease enzyme.

Based on this observation, methanol extract was considered

to be active extract for anti-venom studies and further

pharmacological and toxicological neutralization studies

were carried out with active extract. Previous anti-venom

studies also support the current observations. Methanol

extract of Aristolochia indica, Andrographis paniculata,

Curcuma aromatica and Curcuma zeodaria were potent

inhibitor of snake venom induced pharmacological activi-

ties [9].

Direct haemolysis attributed by the venom is due to the

combined action of phospholipase A2 and cytotoxin, which

is regarded to be one of the key events in snake bite. These

enzymes act on membrane phospholipid and liberate

lysolecithin which further acts on HRBC causing haemol-

ysis. The inhibition of percentage of haemolysis is due to

stabilization of protein on HRBC [25]. C. parviflorum

extract neutralized the N. naja venom induced haemolysis

which may be due to stabilizing the protein in the mem-

brane. Indirect haemolytic activity corresponds to PLA2

activity of venom which relates to the hydrolysis of

phospholipid. Various phytoconstituents from plants have

been identified for the neutralization of the PLA2 enzyme

mediated pharmacological effects. Phenol or tannins from

the plant either precipitate or form the complex with Ca2?

and reduce enzymatic action of the phospholipase A2.

The degradation of Aa band of the fibrinogen was

observed at 5 lg of venom concentration, however

increase in concentration did not alter the fibrinogen

degradation pattern (Unpublished observation). Mangifera

indica extracts neutralized fibrinogenolytic activity

induced by the Russell’s viper venom at various concen-

trations [26].

Lethality of the venom is a combined action of toxic

components and also depends on the concentration of toxic

and nontoxic proteins present. N. naja is highly neurotoxic

in nature, neurotoxins act at neuromuscular junction either

post synoptically or pre synoptically. The probable mech-

anism of inhibition of neurotoxic effect by C. parviflorum

may be by interfering with the acetylcholine receptor sites,

thereby antagonizing the action of neurotoxic substances in

the venom at the acetyl choline receptor sites [27]. For

neutralization study, the survival time was increased in the

mice model when 3 9 LD50 of the venom was used as a

challenging dose. Challenging dose of N. naja venom was

neutralized almost similarly by the plant extracts in both

protocols. Various previous studies supported co-injection

of venom with plant extract as it provides higher protection

than separate injection [26]. However, snake bite victims

are treated post envenomation and the present study on

neutralisation of N. naja venom by plant extract shows

beneficial protection against the venom suggesting its

potential anti-venom property and could be an effective

antidote for this snake bite.

The main problem associated with using the animal is

that, a large number of animals are required in order get

statistically significant results and pain of the animal during

the experimental time [21]. In case of eggs, extract was

analysed for their efficacy at various concentrations to get

ED50 for venom induced lethal toxicity. The use of chick

embryo model minimizes the experimental animal use in

toxicity study. Thus, chick embryo model can be used as an

alternative model for venom research. Modified protocol to

Sell’s et al. used in the present study is less labor intensive

[28]. Lethal toxicity determination for neurotoxic scorpion

venom using chick embryo model was reported in the

previous study [28]. Local edema is a common occurrence

in snake bite, combined action of metalloprotease and

PLA2 is responsible for release of endogenous inflamma-

tory mediators [5]. Previous studies suggested that

involvement of phospholipase A2 in the edema formation

and activity was decreased by EDTA. The reduction of

edema was due to chelation of divalent cation, resulted in

the neutralization of phospholipase A2 activity. The myo-

toxic phospholipase acts on skeletal muscles and severely

damages the muscles resulting in the elevation of CK and

LDH which are released into serum. Several anti-venom

plants are ineffective in neutralizing the venom induced

myotoxicity. Mimosa pudica root extracts neutralized Naja

kaouthia induced myotoxicity, similarly C. parviflorum

root extracts exhibited significant neutralization [29].

Many anti-venom plants have been reported for several

types of snake bite due to different phytochemicals present

rather than single phytocompound. Because toxicity

attributed by the venom is due to large number of proteins

and peptides and composition of venom also varies greatly.

Euphorbia hirta plant consists of active phytochemicals

like sistosterols, camposterols, ellagic acid, tannins and

many more were reported as active phytoconstituents for

anti-venom properties [30]. C. parviflorum is a cocktail of

various phytochemicals, which antagonized N. naja venom

induced toxicological effects.

Conclusion

The results of the present study reveal the anti-cobra

venom potential of C. parviflorum root extract that was not

reported previously. Based on in vitro, pharmacological
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and toxicological neutralization studies, the present

research scientifically proves anti-venom properties of C.

parviflorum, a traditional Indian plant used against cobra

bite. This research provides scientific evidence to the tra-

ditional use of the plants for snake bites and thereby they

can be regarded as an efficacious herbal drug treatment.
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