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ABSTRACT 
Traditional Indian literature enlists many methods and agents to treat snake envenomation, but most of these methods 
are not pharmacologically investigated. This study evaluates snake venom-antagonizing properties of the aqueous 
extracts of five plants, viz. Sapindus laurifolius, Spondias pinnata, Plumeria lutea, Woodfordia fruticosa, and 
Croton roxburghii, against the venoms of the spectacled cobra and Russell’s viper. Inhibitions of venom lethality, 
hemorrhage, coagulation, and enzymes were studied to determine the action of the plant extracts. Median lethal dose 
values of Naja naja and Daboia russelii venoms in mice were 0.625 and 4.0 mg/kg, respectively, when determined 
as per the modified guidelines by Organisation for Economic Co-operation and Development (OECD). Woodfordia 
fruticosa presented ~20- and ~5-fold neutralization capacities in vitro and in vivo, respectively. Plant extracts under 
investigation presented changes in hemorrhagic and coagulant activities in varying degrees. Spondias pinnata and W. 
fruticosa neutralized the activity of phospholipase A2 and acetylcholinesterase almost completely in vitro. Woodfordia 
fruticosa presented relatively fair results among the studied plants, and molecular investigations of its isolates can 
lead us to new molecules. Easy-to-administer drugs with better safety margins can be great lifesavers in remote places 
where the chances of a snake bite are higher and medical resources are sparse.

INTRODUCTION 
Snake envenomation is a neglected life-threatening 

public health issue. In June 2017, the World Health Organization 
(WHO) listed snake envenomation as the highest priority 
neglected tropical disease (The Lancet, 2017; WHO, 2021). The 
WHO has also launched a global initiative to reduce mortality and 
disabilities caused by snakebites to 50% by 2030 (WHO, 2021, 
Williams et al., 2019).

The death rate due to snake envenomation in tropical 
countries is alarming, with estimated deaths of around 58,000 per 
year alone in India (Suraweera et al., 2020; WHO, 2021). The 

average rural population, farm laborers, and snake rescuers are the 
categories most exposed to this threat. However, many of them 
remain unreported even today, as villagers consult unregistered 
traditional healers (Punde, 2005).

The spectacled cobra (Naja naja), common krait 
(Bungarus caeruleus), Russell’s viper (Daboia russelii), and saw-
scaled viper (Echis carinatus) are the four ubiquitous venomous 
snake species found within the Indian subcontinent and are termed 
as the “Big Four”; out of which, cobra and krait (elapid) venoms 
are neurotoxic, while both viper (viperid) venoms are hemotoxic. 
Administration of antiserum is the only approved and highly 
effective treatment available for snake envenomation. Commonly 
available antiserum in India is polyvalent antiserum, which is 
active against venoms of these four snake species (Whitaker, 2006). 
However, anaphylactic reactions and administration difficulties 
are the major challenges associated with antiserum. In addition, 
complications like nephrotoxicity, myonecrosis, and hemorrhage 
caused by venom cannot be managed with available antiserum 
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(Alam and Gomes, 2003; Ode and Asuzu, 2006). Traditional 
Indian literature enlists various therapies for the management 
of snake envenomation (Pade, 1893a, 1893b; Pade et al., 2010; 
Sathe, 2003). Most of these therapies are plant-based and have 
been described by traditional medical practitioners based on their 
experiences and observations. Various herbs have been listed in 
the literature, which are effective against snake envenomation, 
and many of them have been investigated pharmacologically 
(Aslam et al., 2021; Ghag-Sawant et al., 2016; Gomes et al., 2010; 
Houghton and Osibogun, 1993; Khyade et al., 2011; Martz, 1992; 
Mors et al., 2000; Samy et al., 2008). 

Owing to the popular preference for such therapies from 
most of the rural Indians, a systematic investigation of these plants 
developing stable and easy to administer antivenom molecules 
with lesser side effects is highly desired. The investigation would 
be worthwhile even if such plant-derived agents prove to slow 
down the clinical ill effects of venom and offer valuable time for 
a snake bite victim to reach the nearest hospital. The development 
of such promising molecules is of immense importance in India, 
where healthcare centers for the most vulnerable population are 
less in the neighborhoods (Mohapatra et al., 2011).

Our study of the traditional literature included therapies 
described for the treatment of snake envenomation and agents 
used therein. This provided the basic clues for probable treatment 
effectivity. Chemical constituents of the plants were checked for 
possible anti-snake venom action from literature references. From 
the list of more than 135 plant species found in the traditional 
literature, we selected five species, i.e., Sapindus laurifolius 
Vahl., Spondias pinnata (L.f.) Kurz., Plumeria lutea Ruiz., 
Woodfordia fruticosa (L.) Kurz., and Croton roxburghii Balakr., 
and investigated their anti-snake venom potential (Pade, 1893a, 
1893b; Pade et al., 2010; Sathe, 2003).

MATERIALS AND METHODS

Animals
Swiss albino mice of either sex (20 ± 2 g) were procured 

from Haffkine Biopharmaceutical Corporation, Mumbai, India, 
and maintained under standard laboratory conditions (Ode and 
Asuzu, 2006; Samudrala et al., 2015). The animals had free access 
to food and water unless specified. All protocols involving animal 
experimentation were approved by the Institutional Animal Ethics 
Committee (IAEC-962/c/06/CPCSEA) of Sinhgad Institute of 
Pharmaceutical Sciences, Lonavala, Maharashtra, India, vide 
protocol numbers, SIPS/IAEC/2011-12/03, SIPS/IAEC/2012-
13/04, and SIPS/IAEC/2013-14/07.

Venoms
Lyophilized samples of N. naja and D. russelii venoms, 

as representatives of neurotoxic and hemotoxic categories, 
respectively, were procured from Irula Snake Catchers’ Industrial 
Co-operative Society, Kancheepuram, Tamil Nadu, India. The 
venoms were stored desiccated at 4°C. While reconstituting into 
a solution, the venoms were dissolved in physiological saline 
in predetermined concentrations, just before use. The venom 
concentrations were expressed in terms of dry weight.

Snake venom antiserum (SVA)
A lyophilized polyvalent antiserum manufactured by 

Vins Bioproducts Limited, India, with the potential of neutralizing 
venoms of the Big Four, was used as a reference standard. The 
antiserum was reconstituted into a solution as per the manufacturer’s 
guidelines and was expressed in terms of reconstituted volume. 
As per the label claim, 1 ml of the reconstituted antiserum was 
capable of neutralizing 0.6 mg (each by dry weight) of N. naja 
and D. russelii venoms. This SVA was used as a positive control 
comparator.

Collection of plant parts
Dried fruits of S. laurifolius Vahl. (Sapindaceae) were 

purchased from the local market of Pune, Maharashtra, India. 
Barks of S. pinnata (L.f.) Kurz. (Anacardiaceae) and P. lutea Ruiz. 
(Apocynaceae) were collected from the Erandawane area of Pune, 
Maharashtra, India. Leaves of W. fruticosa (L.) Kurz. (Lythraceae) 
were collected from the hillside near Kusgaon village, Lonavala, 
in the Western Ghats region of Maharashtra, India. Roots of C. 
roxburghii Balakr. (Euphorbiaceae) were collected near Parpoli 
village, Sawantwadi, in the Western Ghats region of Maharashtra, 
India. These plant samples and/or whole plants were submitted 
to the Botanical Survey of India, Western Regional Center, Pune, 
Maharashtra, India and were authenticated vide voucher numbers 
ADDSAL1, ADDSPP2, ADDPLL5, ADDWOF3, and ADDCRR4, 
respectively. The plant parts were subjected to shade drying and 
stored in desiccated condition at 20°C–25°C. 

Preparation of extracts
The plant parts were converted to a coarse powder with 

a pulverizer (Gem Pharma, Navi Mumbai, India). 25 g of each 
powder sample was subjected to soxhlation (Borosil Soxhlet 
extractor coupled with Allihn condenser) at 100°C, using 300 ml 
distilled water as an extractant in one batch. The extracts, thus 
obtained, were concentrated, lyophilized (Alpha 1-2 LDplus, 
Martin Christ Gefriertrocknungsanlagen GmbH, Germany), 
and stored in a desiccated condition at 4°C until further use. 
The yield of dried extracts was, 3.57 ± 0.01 g for S. laurifolius, 
2.10 ± 0.02 g for S. pinnata, 1.92 ± 0.02 g for P. lutea, 2.66 ± 
0.02 g for W. fruticosa, and 2.32 ± 0.01 g for C. roxburghii per 
25 g coarse powder. During experimentation, the dried extracts 
were reconstituted by dissolving in a physiological saline 
solution in predetermined concentrations, just before use. Extract 
concentrations were expressed in terms of dry weight.

Acute toxicity of plant extracts
Acute toxicity of the plant extracts was performed by 

subcutaneous injection of reconstituted extracts in experimental 
mice by following the OECD 423 guidelines for testing of 
chemicals with suitable modifications (OECD, 2001a). Mice were 
fasted for around 4 hours before dosing. Groups of 3 mice were 
used for every level of dose and 300 mg/kg was the starting dose 
administered. The mice were observed critically for the initial 6 
hours for any symptoms of toxicity or mortality and continued 
to be monitored for up to 48 hours. If two or three animals were 
found dead in step 1, a subsequent lower dose from the next level 
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was administered in a group of three mice (n = 3); and if one 
or zero animals were found dead in step 1, the same dose was 
repeated for step 2 (steps 1 + 2, n = 6) and a subsequent higher dose 
from the next level was administered in another group of three 
mice. This was continued until the safety level was determined. 
For the conclusive dose, both the steps were conducted (n = 6) 
as per guidelines. The available literature on these plants was 
used as a guideline for determining lethal doses (LD50) (Arul 
et al., 2004; Arya et al., 2012; Elnour et al., 2013; Gupta et al., 
2004; Pal et al., 2013; Panda et al., 2014; Tessou et al., 2013; 
Vijayalakshmi et al., 2011).

Inhibition of venom lethality
Median LD50 of individual venoms in mice were 

determined by observing death within 24 hours postsubcutaneous 
administration of venom concentrations. OECD guidelines for 
acute toxicity testing with suitable modifications for microgram 
doses were used and precise LD50 values were determined (OECD, 
2001a, 2001b). Groups of three mice were used for every level 
of the dose and the starting doses and dose ranges were designed 
considering earlier experimentation on particular venoms (Jayanthi 
and Gowda, 1988; Mukherjee et al., 2000; Shashidharamurthy 
et al., 2002). If two or three animals were found dead in step 1, a 
subsequent lower dose from the next level was administered in a 
group of three mice (n = 3); and if one or zero animals were found 
dead in step 1, the same dose was repeated for step 2 (steps 1 + 
2, n = 6) and a subsequent higher dose from the next level was 
administered in another group of three mice. This was continued 
until LD50 was determined. For the conclusive dose, both the steps 
were conducted (n = 6) as per guidelines.

To assess the in-vitro inhibition of venom lethality, 10 
mg of the investigational plant extracts were mixed with 1 of 
1–40 LD50 doses of venoms, incubated at 37°C for 1 hour, and 
clear supernatants after centrifugation were injected in mice 
subcutaneously and LD50 values were determined (Alam and 
Gomes, 2003). To assess the in-vivo inhibition of venom lethality, 
1 of 1–6 LD50 doses of either venom was administered in mice 
subcutaneously, followed by administration of 1 dose of 10–20 mg 
of either plant extract at a different subcutaneous site.

The doses of venoms were incremental and an initial 
dose taken was LD50 of the respective venom. In one group of 
animals, only one dose of venom and one dose of extract were 
administered. Each extract was tested against both venoms in 
different groups. SVA was used as a positive control comparator 
in a dose proportionate to the amount of snake venom used as per 
the manufacturer’s guideline.

Inhibition of hemorrhagic activity
Fertilized galline eggs procured from a local hatchery 

were used to perform hemorrhagic activity for D. russelii venom 
and the standard protocol was followed (Ode and Asuzu, 2006; 
Sells et al., 1997). Whatman filter paper no. 1 was cut into disks 
of 2 mm diameter. These disks were saturated with reconstituted 
venom. 0.1× LD50 and 0.5× LD50 dose/ml were the initial venom 
doses used. Based on the results, further doses were designed at 
the midpoints of the earlier doses. Fertilized eggs were cracked on 
day 4 into cling film hammocks and were further incubated till day 
6. The saturated paper disk was placed over the major vein on the 

yolk sac. After 3 hours, the diameter of the hemorrhagic corona 
was measured. The dose of venom yielding a hemorrhagic corona 
of 2 mm diameter was considered the minimum hemorrhagic dose 
(MHD).

To assess the inhibition of hemorrhagic activity, similar 
steps were repeated as above but the filter paper disks were 
saturated with a mixture of venom and plant extract. 1× MHD of 
venom was mixed with 1 and 10 mg/ml of plant extracts initially, 
and based on the results, further extract doses were designed at 
midpoints of the earlier doses. The minimum dose of the plant 
extract that could neutralize the hemorrhagic activity completely 
was termed as the minimum hemorrhage neutralizing dose 
(MHND). Individual plant extracts without mixing with venoms 
were also tested in the same way to assess any hemorrhagic 
activity possessed by plant extracts. SVA was used as a positive 
control comparator in a dose proportionate to the amount of snake 
venom used as per the manufacturer’s guideline.

Inhibition of coagulant activity
Citrated human plasma solution was used for this activity 

and clotting time determination was done by the standard method 
(Theakston and Reid, 1983). For N. naja venom, 1× LD50 and 5× 
LD50 dose/ml and for D. russelii venom, 0.1× LD50 and 0.5× LD50 
dose/ml were the initial venom doses used. Based on the results, 
further doses were designed at the midpoints of the earlier doses. 
While determining these venom doses, earlier literature (Suntravat 
et al., 2010) available was considered and as D. russelii venom 
has much potent procoagulant activity than Elapid venoms, lower 
doses were formulated. 0.1 ml of different venom concentrations 
were added to 0.4 ml citrated human plasma solution maintained 
at 37°C, mixed thoroughly and the clotting time was recorded. 
The minimum clotting dose (MCD) for the venoms was estimated 
by adding reconstituted venom doses to plasma solutions that 
coagulated plasma at the end of 60 seconds at 37°C.

To assess the inhibition of coagulant activity, equal 
volumes of a 1× MCD of venom and plant extract were mixed; the 
mixtures were incubated at 37°C for 1 hour. The clear supernatant 
was added to the plasma solutions and the clotting times were 
recorded. 1 and 10 mg/ml doses of plant extracts were used initially 
and based on the results, further extract doses were designed 
at midpoints of the earlier doses. The minimum dose of plant 
extract which could neutralize the clotting activity completely 
was termed as the minimum clotting neutralizing dose (MCND). 
Individual plant extracts without mixing with venoms were also 
tested in the same way to assess any alterations in coagulation by 
plant extracts. SVA was used as a positive control comparator in 
a dose proportionate to the amount of snake venom used as per the 
manufacturer’s guideline.

Enzyme inhibition
Quantitative estimation of phospholipase A2 (PLA2) 

and acetylcholinesterase (AChE) from 1.0 mg/ml snake venoms 
was performed spectrofluorometrically. EnzChek® Phospholipase 
A2 Assay Kit (Molecular Probes®, OR) was used to assay PLA2 
and fluorescence emission was detected at 515 nm by excitation 
at 450 nm. Amplex® Red Acetylcholine/Acetylcholinesterase 
Assay Kit (Molecular Probes®, OR) was used to assay AChE 
and fluorescence emission was detected at 590 nm by excitation 
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at 530 nm. Assaying of the enzymes was done according to the 
manufacturer’s guidelines using black 96-well microplates by a 
SpectraMax® M5 Microplate Reader (Molecular Devices, CA). 
Actual quantitative determination was performed by using the 
standard curves obtained for the respective enzymes.

To assess enzyme inhibition, 1.0 mg/ml of either 
venom was mixed with 1.0–3.5 mg/ml of either plant extract 
and the mixtures were incubated at 37°C for 1 hour. Quantitative 
estimation of PLA2 and AChE was done by repeating the steps 
mentioned earlier and alterations in the quantities of enzymes 
were determined. SVA was used as a positive control comparator 
in a dose proportionate to the amount of snake venom used as per 
the manufacturer’s guideline.

RESULTS

Acute toxicity of plant extracts
Aqueous extracts of the plants did not present significant 

toxicity for up to 48 hours of observation postsubcutaneous 
administration. Extracts of S. pinnata, P. lutea, W. fruticosa, and 
C. roxburghii were found safe up to 2,000 mg/kg dose, whereas 
S. laurifolius was found safe up to 1,000 mg/kg. Dose designing 
for further experiments was done considering these safety margins 
and solubility for individual plant extracts.

Venom lethality
LD50 values of N. naja and D. russelii venoms in 

mice were found to be 0.625 and 4.0 mg/kg by subcutaneous 
administration, respectively. 10 mg/kg extract doses were evaluated 

for neutralization of venom lethality both in vitro and in vivo. 
As the venom can be neutralized by the extract in direct contact 
in vitro, only one dose of extract was evaluated. During in-vivo 
experimentation, because many factors affect the neutralization of 
snake venom systemically, a higher 2× concentration of extracts, 
i.e., 20 mg/kg, was evaluated additionally. As hypothesized, the 
extracts acted in a dose-dependent manner in vivo and higher 
neutralization was exhibited by the higher dose of extract. The 
results of in-vitro and in-vivo inhibition of venom lethality are 
presented in Table 1. Woodfordia fruticosa neutralized both the 
venoms in the highest fold (p < 0.005 in vivo) and was followed 
by C. roxburghii (p < 0.05 in vivo), whereas P. lutea exhibited the 
least neutralization in vivo. As a positive control, 1 ml SVA was 
used for both in-vitro and in-vivo interactions. While injecting the 
SVA, as the volume was higher, two subcutaneous administrations 
were carried out at different sites. As indicated in Table 1, the fold 
of protection exhibited by SVA seems lower; however, it should be 
noted that the amount of SVA is not comparable to the amount of 
plant extracts used in the experimentation. Since a definitive dose 
of SVA capable of neutralizing a specific amount of snake venom 
is known, only 1 ml dose was tested, which yielded expected 
results.

Hemorrhagic activity
Daboia russelii venom was investigated for hemorrhagic 

activity and its MHD was found to be 1.9 mg/ml, which produced 
a distinct hemorrhagic lesion of 2 mm diameter. MHNDs for S. 
laurifolius, S. pinnata, P. lutea, W. fruticosa, and C. roxburghii 
were found to be 1.25, 1.5, 10.5, 0.95, and 4.5 mg/ml, respectively 

Table 1. Inhibition of N. naja and D. russelii venoms’ lethality by plant extracts.

Extract Extract dose 
(mg/kg)

Naja naja venom Daboia russelii venom

Venom dose at LD50 
(mg/kg) ± SEM

Fold of neutralization 
(respective of venom LD50)

Venom dose at LD50 
(mg/kg) ± SEM

Fold of neutralization 
(respective of venom LD50)

In vitro

 Sapindus laurifolius 10 3 ± 0.09 4.8 18.5 ± 0.91 4.63

 Spondias pinnata 10 2.5 ± 0.08 4 25 ± 1.58 6.25

 Plumeria lutea 10 5.5 ± 0.09 8.8 32.5 ± 1.41 8.13

 Woodfordia fruticosa 10 12 ± 0.01 19.2 82 ± 2.58 20.5

 Croton roxburghii 10 7.5 ± 0 12 35 ± 0.26 8.75

 SVA 1 ml 1.3 ± 0.09 2.08 4.9 ± 0.81 1.22

In vivo

 Sapindus laurifolius 10 0.7 ± 0.03 1.12 4.5 ± 0.64 1.13

 Sapindus laurifolius 20 0.85 ± 0.04 1.36 5 ± 0.53 1.25

 Spondias pinnata 10 0.65 ± 0.01 1.04 5.25 ± 0.72 1.31

 Spondias pinnata 20 0.75 ± 0.07 1.2 6.75 ± 0.56 1.69

 Plumeria lutea 10 0.55 ± 0.04 1.04 4.25 ± 0.44 1.06

 Plumeria lutea 20 0.65 ± 0.02 0.88 4.85 ± 0.92 1.06

 Woodfordia fruticosa 10 2 ± 0.09 3.2 14.25 ± 0.96 3.56

 Woodfordia fruticosa 20 3.25 ± 0.02 5.2 21.75 ± 1.19 5.44

 Croton roxburghii 10 0.9 ± 0.04 1.44 4.5 ± 0.95 1.12

 Croton roxburghii 20 1 ± 0.09 1.6 5.75 ± 0.77 1.44

 SVA 1 ml 1.15 ± 0.01 1.84 4.5 ± 0.36 1.12
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(Table 2). 3.4 ml of reconstituted SVA was used as a positive 
control comparator which neutralized the hemorrhagic activity of 
1.9 mg/ml dose of D. russelii venom completely. Individual plant 
extracts without venom did not present any hemorrhagic activity. 
As a technique of experimentation, there are a few specific 
requirements where the researchers have to be very careful. 
Maintenance of a high level of sterility in the experimental setup 
is the key to success and once the technique is established, a large 
batch of experiments can be run at a time.

Coagulant activity
MCDs for N. naja and D. russelii venoms were found to 

be 0.85 and 1.3 mg/ml, respectively. Woodfordia fruticosa extract 
was capable of neutralizing the coagulation induced by both N. 
naja and D. russelii venoms significantly (p < 0.005) and exhibited 
potent action. Spondias pinnata exhibited second-best results and 
P. lutea exhibited the least activity against coagulation. Deviations 
in MCDs of venoms in the presence of plant extracts and MCNDs 
of individual extracts are listed in Table 3. In the positive control 
comparator group, 1.6 and 3.4 ml of reconstituted SVA neutralized 
the coagulant activity of 0.85 mg/ml dose of N. naja venom and 
1.3 mg/ml dose of D. russelii venom, respectively. Individual 
plant extracts without venoms did not produce any coagulant 
activity. The technique used in this experiment is simpler to run 
but is manual and time-consuming.

Enzyme inhibition
Content and in-vitro inhibition of PLA2 was determined 

in both the venoms, whereas the determination of AChE was done 
only in the N. naja venom, as the D. russelii venom is known not 
to contain AChE (Cousin and Bon, 1996). The D. russelii venom 
has a relatively higher quantity of PLA2 than the N. naja venom. 
Spectrofluorometric assays revealed that preincubation of extracts 
with venoms reduced the quantities of the enzymes from venoms 
in a dose-dependent manner. Higher doses of W. fruticosa and S. 
pinnata completely neutralized PLA2 and AChE from N. naja 
venom (p < 0.005). Croton roxburghii also presented a significant 
reduction (p < 0.05) of PLA2 from both venoms and AChE from 
N. naja venom. Tables 4 and 5 indicate enzyme concentrations 

for the respective treatments. SVA was used as positive control 
comparator and 1.8 and 2 ml of SVA was capable of neutralizing 
PLA2 from 1 mg/ml dose of N. naja and D. russelii venom 
respectively. Similarly, 1.7 ml of SVA was capable of neutralizing 
AChE from 1 mg/ml dose of N. naja venom. With a proper set of 
apparatus and microinstruments and a lower margin of error, this 
experiment has high repeatability and consistency. 

DISCUSSION
While collecting information on traditionally observed 

therapies for snake envenomation in India, 135 remedies that 
exhibited some promise to act against snake venom surfaced. 
Depending on the nature of the remedy, the route of administration 
of the therapeutic agent, and multiple references about a single 
plant, five plant species were selected and investigated. Sapindus 
laurifolius, P. lutea, and W. fruticosa are largely found throughout 
India, especially in the Western Ghats. Spondias pinnata is a 
sparsely found tree, whereas C. roxburghii is a rarely found 
plant that occurs in specific patches within the Western Ghats of 
Maharashtra, India. Croton roxburghii was earlier known as Croton 
oblongifolius and is also known as Croton virbalae (Almeida 
and Almeida, 2005). The roots of this plant carry a characteristic 
pleasant aroma. It is a known remedy against Ghonas (Russell’s 
viper) venom in the Konkan region of Maharashtra, India. This 
plant has not been investigated much pharmacologically. None of 
these five plants has been screened systematically for their snake 
venom neutralization potential in vivo and only S. laurifolius has 
been evaluated in vitro for enzymatic activity neutralization in D. 
russelii venom (Ghag-Sawant et al., 2016).

After a venomous snake bite, if the victim does not 
receive medical help in a short time, chances of survival or living 
without permanent disabilities reduce with passing time. In such 
cases, safer drugs that can be administered via oral or sublingual 
routes, which are developed out of chemical leads from plant 
origin, might prove to be lifesavers. 

As the remedies that were discovered from the traditional 
literature do not make use of any organic solvent, it was considered 
that the active ingredients were possibly water-soluble and only 
aqueous extracts were used in the present investigation. During 

Table 2. Inhibition of D. russelii venom hemorrhagic activity by plant extracts.

Daboia russelii venom (mg/ml) Extract Extract dose (mg/ml) Hemorrhagic zone (mm) % reduction

1.9 -- -- 2.0 --

1.9 Sapindus laurifolius 1.0 1.0 50

1.9 Sapindus laurifolius 1.25 0.0 100

1.9 Spondias pinnata 1.15 1.0 50

1.9 Spondias pinnata 1.5 0.0 100

1.9 Plumeria lutea 9.25 0.5 75

1.9 Plumeria lutea 10.5 0.0 100

1.9 Woodfordia fruticosa 0.7 0.5 75

1.9 Woodfordia fruticosa 0.95 0.0 100

1.9 Croton roxburghii 3.1 1.0 50

1.9 Croton roxburghii 4.5 0.0 100

1.9 SVA 3.4 ml 0.0 100
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Table 3. Inhibition of venom coagulant activity by plant extracts.

Venom Venom dose (mg/ml) Extract Extract dose (mg/ml) Clotting time (seconds)

Naja naja 0.85 -- -- 60

Naja naja 0.85 Sapindus laurifolius 1.7 >180

Naja naja 0.85 Sapindus laurifolius 2.15 NC

Naja naja 0.85 Spondias pinnata 1.4 >150

Naja naja 0.85 Spondias pinnata 2.1 NC

Naja naja 0.85 Plumeria lutea 4.25 >120

Naja naja 0.85 Plumeria lutea 8.4 NC

Naja naja 0.85 Woodfordia fruticosa 0.8 >180

Naja naja 0.85 Woodfordia fruticosa 1.1 NC

Naja naja 0.85 Croton roxburghii 1.9 >180

Naja naja 0.85 Croton roxburghii 2.3 NC

Naja naja 0.85 SVA 1.6ml NC

Daboia russelii 1.3 -- -- 60

Daboia russelii 1.3 Sapindus laurifolius 1.65 >180

Daboia russelii 1.3 Sapindus laurifolius 2.15 NC

Daboia russelii 1.3 Spondias pinnata 1.5 >150

Daboia russelii 1.3 Spondias pinnata 1.95 NC

Daboia russelii 1.3 Plumeria lutea 6.2 >120

Daboia russelii 1.3 Plumeria lutea 9.5 NC

Daboia russelii 1.3 Woodfordia fruticosa 1.2 >180

Daboia russelii 1.3 Woodfordia fruticosa 1.45 NC

Daboia russelii 1.3 Croton roxburghii 2.0 >180

Daboia russelii 1.3 Croton roxburghii 2.65 NC

Daboia russelii 1.3 SVA 3.4ml NC

NC—No clot even after 300 seconds.

Table 4. In-vitro inhibition of PLA2 from N. naja and D. russelii venoms by plant extracts.

Extract Extract dose 
(mg/ml)

Naja naja venom Daboia russelii venom

Venom (mg/ml) PLA2 conc. 
(U/ml) ± SEM % reduction Venom (mg/ml) PLA2 conc. 

(U/ml) ± SEM % reduction

-- -- 1.0 2.27 ± 0.09 -- 1.0 3.12 ± 0.08 --

Sapindus laurifolius 1.5 1.0 1.74 ± 0.03 23.25 1.0 2.78 ± 0.03 10.73

Sapindus laurifolius 2.5 1.0 1.33 ± 0.08 41.61 1.0 1.89 ± 0.09 39.21

Spondias pinnata 1.5 1.0 1.42 ± 0.03 37.45 1.0 1.68 ± 0.03 46.21

Spondias pinnata 2.5 1.0 BLD ~100 1.0 0.83 ± 0.05 73.36

Plumeria lutea 2.0 1.0 1.94 ± 0.02 14.77 1.0 2.49 ± 0.06 20.24

Plumeria lutea 3.5 1.0 1.53 ± 0.01 32.51 1.0 2.12 ± 0.07 32.04

Woodfordia fruticosa 1.0 1.0 1.11 ± 0.05 51.04 1.0 1.79 ± 0.02 42.66

Woodfordia fruticosa 1.5 1.0 BLD ~100 1.0 BLD ~100

Croton roxburghii 1.0 1.0 1.81 ± 0.01 20.26 1.0 2.24 ± 0.07 28.16

Croton roxburghii 2.5 1.0 0.8 ± 0.02 64.88 1.0 1.27 ± 0.04 59.17

SVA 1.8 ml 1.0 BLD ~100  

SVA 2.0 ml 1.0 BLD ~100

conc.—Concentration.
BLD—Below the limit of detection.
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experimentation, plant extracts were prepared by soxhlation at 
100°C, where there are chances of a formation of artifacts by a 
combination or breakdown of naturally occurring chemicals in 
the plants (Ebrahimi Majdar et al., 2019; Inouye et al., 1969). A 
systematic investigation with the separation of compounds from 
plant extracts and their characterization would shed light on the 
formation of such artifacts. 

Five plant species tested against neurotoxic and 
hemotoxic venoms presented some degree of protection when 
investigated in vitro. Promising in-vivo and in-vitro activities 
were presented by W. fruticosa. Acute toxicity of both venoms 
was reversed by W. fruticosa significantly in experimental mice. 
Croton roxburghii presented significant activity in vitro against 
cobra venom, but limited protection in vivo. Figure 1 shows 
the comparative action of plant extracts against the venoms. 
In-vivo neutralization of snake venoms is the most important 
activity tracked in the current experimentation as it represents 
the actual clinical scenario after a snakebite. The whole venom 

when injected into the animal body creates various pathological 
conditions that lead to temporary or permanent disabilities due to 
tissue necrosis or interfering with the normal functioning of the 
affected tissue. Plant extracts administered without mixing with 
the venoms exhibit the near actual pharmacological action in these 
animals. The action of W. fruticosa extract in this experimental 
model is a direct indicator of its pharmacological action as a 
snake venom neutralizer. Whole snake venom, being a mixture of 
proteins, can be denatured easily in vitro when mixed with plant 
derivatives; thus, although in-vitro activity might not prove to be 
a sure representation of pharmacological activity, it provides a 
basis to knowing the possible mechanism of action of the agents 
under investigation. Croton roxburghii is known to act against the 
venom of Russell’s viper in folklore; however, it did not present 
strong evidence of viper venom neutralization in the current 
experimental setup. Possibly the active ingredient might be water-
insoluble and did not get extracted which, in turn, did not produce 
any pharmacological activity.

Table 5. In-vitro inhibition of AChE from N. naja venom by plant extracts.

Extract Extract dose (mg/ml) Naja naja venom (mg/ml) AChE conc. (U/ml) ± SEM % reduction

-- -- 1.0 6.37 ± 0.08 --

Sapindus laurifolius 1.5 1.0 3.97 ± 0.06 37.62

Sapindus laurifolius 2.5 1.0 2.77 ± 0.02 56.47

Spondias pinnata 1.5 1.0 2.94 ± 0.08 53.82

Spondias pinnata 2.5 1.0 BLD ~100

Plumeria lutea 2.0 1.0 5.16 ± 0.01 19.05

Plumeria lutea 3.5 1.0 3.94 ± 0.08 38.18

Woodfordia fruticosa 1.0 1.0 3.01 ± 0.02 52.66

Woodfordia fruticosa 1.5 1.0 BLD ~100

Croton roxburghii 1.0 1.0 5.02 ± 0.04 21.29

Croton roxburghii 2.5 1.0 2.65 ± 0.07 58.31

SVA 1.7 ml 1.0 BLD ~100

conc.—Concentration.
BLD—Below the limit of detection.

Figure 1. Alterations in LD50 of venoms in the presence of plant extracts in vitro and in vivo. 
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Performing hemorrhagic activity by using galline eggs is 
simpler as compared to the conventional animal skin method. Its 
results are consistent and the method is more humane and ethical 
considering the animal rights perspective (Sells et al., 1997). 
The dose of W. fruticosa needed to neutralize the hemorrhagic 
potential of D. russelii venom was the least among the plants under 
investigation. This result is sacrosanct with the neutralization of 
venom lethality and might be a prominent contributor to the same. 
With high potency to neutralize venom enzymes, W. fruticosa is a 
promising candidate for further molecular investigation. In terms 
of antihemorrhagic activity, S. pinnata and S. laurifolius followed 
W. fruticosa, whereas, P. lutea exhibited the least activity among 
plant species under investigation (Table 2).

Coagulant activity studies revealed that cobra venom has 
more blood coagulating ability than viper venom. While investigating 
the anticoagulant activity of plant extracts against venoms, W. 
fruticosa was found to exhibit the highest activity, followed by S. 
pinnata and S. laurifolius. The study also overruled the possibility 
of plant extracts solitarily exhibiting pro- or anticoagulant activity.

Enzymes play a vital role in the spread and toxicity 
of venoms. One of the vital enzymes of snake venoms, PLA2, 
primarily causes inflammation and pain at the bite area and shows 
vivid pharmacological effects (Kini, 2003). In our present findings, 

we observed that the quantity of PLA2 in viper venom was higher 
than that in cobra venom. Woodfordia fruticosa showed the highest 
ability to inhibit PLA2, followed by S. pinnata. AChE, which is 
a synaptic transmission terminator, is found in large quantities in 
cobra venom. Woodfordia fruticosa and S. pinnata were found 
to inhibit this enzyme. Figure 2 shows the relative inhibition of 
enzymes from the snake venoms in the presence of plant extracts. 
Later, it was understood that AChE plays almost no role in the 
toxicity of neurotoxic venoms (Cousin and Bon, 1996).

From the researchers’ parallel experimentation with High 
performance thin layer chromatography (HPTLC), W. fruticosa 
extract confirmed the presence of phenolic compounds, flavonoids, 
and tannins (unpublished data). These compounds might have 
contributed to the denaturation of venom proteins as revealed by the 
alterations in hemorrhagic and coagulant activity of venoms estimated 
by in-vitro methods. Various researchers have already established the 
role of phenolic compounds, flavonoids, and tannins in the inhibition 
of PLA2 and AChE (Chethankumar and Srinivas, 2008; Deepa and 
Gowda, 2002; Khan et al., 2018, Lattig et al., 2007; Pereanez et al., 
2011; Roseiroa et al., 2012; Ticli et al., 2005; Türkan et al., 2019; 
Zhang and Li, 2017).

SVA was used as a positive control during experimentation. 
Since the doses of test products and SVA were adjusted till significant 

Figure 2. Inhibition of PLA2 and AChE enezymes from venoms in the presence of plant extracts.
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positive results were seen, a quantitative comparison between SVA 
and test products for the superiority of results was not carried out. 

Snake venoms are mixtures of a variety of structurally 
and functionally different peptides eliciting various actions on 
various body parts of the prey. While studying an activity against 
any whole snake venom, it becomes difficult to identify exactly 
which peptides were deactivated by the test chemical(s), unless 
fractionated peptides are tested. At the same time, it is necessary 
to test the whole venom for possible antivenom activity of 
chemical(s) as venom peptides may behave synergistically in vivo 
and produce more severe effects than individual components.

CONCLUSION
From our experimental findings, it is clear that the plants 

under investigation exhibited potential anti-snake venom activity 
and can be significant lead candidates for further investigation. 
Woodfordia fruticosa has shown good antivenom potential 
consistently in all experiments of the present study and needs to 
be investigated further for active compound(s). However, a much 
more detailed study is needed to use these agents as anti-snake 
venom therapeutics on a commercial scale.
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