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Abstract: Areca catechu seeds and their extract/s are currently used to treat various ailments and infec-
tions including snakebites. The purpose of this investigation was to assess the inhibiting/neutralizing
effect of ethyl acetate and aqueous ethanolic seed extracts of A. catechu on Bungarus caeruleus (krait)
venom. The enzyme activities and their inhibition were evaluated using standard procedures
(in vitro). In vivo studies were conducted using chick embryos and murine models. The extracts
inhibited hyaluronidase and phospholipase A2 activities. Protease activity was neutralized by the
aqueous ethanolic extract only. The IC50 value of aqueous ethanolic extract for hyaluronidase was
0.001 g/mL, while that for the ethyl acetate extract for phospholipase A2 was 0.006 g/mL. In addi-
tion, both the extracts neutralized the indirect hemolysis and fibrinogenolytic activity induced by
B. caeruleus venom. The LD50 for the chick embryos was 4.9 µg/egg. The 50 and 100 µg aqueous
ethanolic extracts neutralized the LD50 and the challenging dose (3LD50) of venom effectively in the
chick embryo model. The LD50 of B. caeruleus venom in mice was 0.1927 µg/kg; the extract extended
the survival time of the mice from 25 min to 30 and 35 min in 1:10 and 1:20 ((w/w) venom:extract)
ratios, respectively. The extract also neutralized myotoxic activity. The A. catechu seed extract showed
promising inhibitory properties against B. caeruleus venom. In this regard, academia and industries
should work collaboratively to develop and formulate a cost-effective first-aid drug.

Keywords: Areca catechu; Bungarus caeruleus; fibrinogenolytic activity; haemolytic activities; lethal
toxicity; chick embryo

1. Introduction

A snakebite is a hazardous occupational and environmental injury. It is a neglected
tropical injury, and is also dangerous in other zones [1,2]. In India, 216 species of snakes
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are found; among them, 58 are venomous, and only 4 of these species of snakes are
responsible for maximum-dose bites and mortality. These four species are the krait, the
Indian Cobra, D. russeli, and Echis carinatus. [3]. Among the big four, B. caeruleus venom
is highly neurotoxic and very rapid in action, and its producer is considered to be the
most dangerous venomous snake species in India [4]. With no/little pain initially, a
B. caeruleus bite causes severe abdominal pain, heaviness, blurred vision, partial ptosis,
external ophthalmoplegia, and death, which usually occurs due to respiratory failure [5,6].
The venom is a mixture of enzymes that includes small peptides, metal ion amines, and
carbohydrates, which exert neurotoxic and cytotoxic effects on the snake’s prey [3]. Venom
enzymes such as hyaluronidase, protease, and phospholipase are responsible for degrading
the connecting materials in the attacked cells, thereby increasing the diffusion of the toxins
from the venom. This may lead to cell damage (nucleic acids’ liberation and cell membrane
permeability) [7,8].

Snakebites are treated using anti-venom derived from immunized horse sera. How-
ever, such treatments cause several adverse effects such as anaphylactic shock, pyrogen
reaction, and serum sickness [9]. Anti-venom can neutralize the free circulating venom
components but has no effect on the damage already induced by the venom [10]. This
has led biologists to investigate alternative treatments for snake envenomation. In this
perspective, medicinal plants and their extracts could be potential anti-venom sources,
which would be cheaper, non-toxic, and easily available under normal storage conditions.
Alam [11] reported that people across the globe rely on traditional medicine for basic health
issues. The knowledge of the use of medicinal plants as medicine is passed down the
generations verbally. Soares et al. [12] reported that 850 species of higher plants from
138 families are used to treat snakebites. Various plants across the globe possess anti-venom
properties [7,13–15].

A. catechu seeds have been widely used as disease-curing agents, especially in South
Asian regions. Over 59 compounds have been isolated and authenticated, which include
alkaloids, flavonoids, tannins, terpenoid fatty acids, and triterpenes [16]. Indeed, this
plant’s seeds have shown antifungal, antioxidant, hypolipidemic, anti-diabetic, antibac-
terial, anti-malarial, antiviral, anti-migraine, wound-healing, anti-ulcer, antihypertensive,
antidepressant, anti-allergic, cytoprotective, anthelmintic, aphrodisiac, hepatoprotective,
and anti-cancer properties [17–20]. The curative properties of A. catechu have been at-
tributed to phytochemicals such as polyphenols; the interaction of these phytochemicals
with venom enzymes or toxins leads to the neutralization of their activity and/or toxic
effects [6,21]. The plant extracts inhibit the venom activity by protein binding or neutraliz-
ing the enzyme. Many of the phytocompounds identified have an affinity towards toxic
constituents, cations, and biomolecules such as the enzymes present in the venom [5,11,21].
The available polyvalent anti-serum binds to the remaining toxin and thereby prevents
further side effects but does not reverse the effects already caused by the venom. To
overcome this drawback, an easily available alternative treatment for snakebites must be
uncovered. Thus, in the present investigation, the ability of A. catechu seeds to neutralize
Bungarus caeruleus (krait) venom was assessed.

2. Materials and Methods
2.1. Materials
2.1.1. Plant Material

The seeds of A. catechu were collected in February 2018 from Macchenahalli (Bengaluru
rural district, India). The collected samples were authenticated and deposited at National
Ayurveda Dietetics Research Institute, Bangalore, India (Ref.RRCBI-mus114).

2.1.2. Venom

The venom sample of B. caeruleus procured from Irula Snake Catcher’s Co-operative So-
ciety (Chennai, India) was stored at 4 ◦C and maintained in the Toxicology Lab., Dayananda
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Sagar University, bearing the license number 01/2017-18. The estimation of protein concen-
tration was conducted as per Lowry et al. [22].

2.1.3. Chemicals

Fibrinogen and SDS were procured from Sigma-Aldrich (Aldrich, St. Louis, MO, USA)
and all other chemicals from HiMedia (Mumbai, India).

2.2. Animals

Adult male Swiss Albino mice with an average body weight of 25–30 g were used for
in vivo studies. They were procured from Sri Raghavendra enterprise and housed in cages
at room temperature (28–32 ◦C) under a light period of 16–18 h daily and were fed with stan-
dard commercial feed. The procedure for handling of animals was followed in accordance
with the ordinance of the Institutional Animal Ethics Committee (IAEC/NCP/91/2015).
The six-day-old eggs were purchased from Lakshmi hatcheries, Bangalore.

2.3. Human and Animal Rights

The animals were handled according to the rules and regulations of the ethical commit-
tee. Blood samples used for experiments were collected from healthy volunteers with their
consent. Human experiments using either venom or plant samples were not conducted.

2.4. Phytochemical Analysis of Seed Extracts

The rinsed seeds were thoroughly dried and ground. A total of 40 g of seed flour was
soaked in aqueous ethanol solvent overnight followed by extraction with Soxhlet extractor.
The extract was concentrated using a rotary vacuum evaporator. The residue was dried at
37 ◦C in incubator, weighed, and stored at room temperature conditions. The ethyl acetate
extract was derived in the same manner. Tests for phenols, steroids, tannins, glycosides,
and terpenoids were conducted [23].

2.5. In Vitro Enzyme Assay and Neutralization Studies

Hyaluronidase activity of B. caeruleus venom was estimated turbidimetrically follow-
ing the method given by Pukrittayakamee et al. [24]. The activity of the phospholipase A2
in the krait venom was estimated by the procedure suggested by Marinetti et al. [25]. The
procedure of Greenberg [26] was considered to quantify the protease activity of B. caeruleus
venom utilizing casein as a substrate. For neutralization and inhibition investigations,
the venom was pre-incubated with ethyl acetate and aqueous alcohol extracts of 100 µg
concentration at 37 ◦C for 30 min.

2.6. Pharmacological Assays

For indirect hemolytic assay, PLA2 activity of krait venom was quantified using
the method of Gutierrez et al. [27]. The RBC hemolysis took place on agarose gel plate
containing egg yolk and erythrocyte. For fibrinogenolytic assay, Ouyang and Teng’s [28]
procedure was followed. Inhibition studies were carried out using venom pre-incubated
with the extracts.

2.7. Acute Toxicological In Vitro Studies Using Chick Embryo Model
2.7.1. Acute Toxicity Determination of Seed Extract

Six-day-old eggs were first analyzed by candlelight procedure to assess their fertility.
Acute toxicity of the A. catechu seed extract was checked utilizing in vitro chick embryo
model [29,30]. Aqueous ethanolic seed extract of A. catechu was dissolved in saline to obtain
a concentration of 100 µg in 0.2 mL saline. A hole was made in the eggs (n = 6) at the apex
of the air cell without disturbing the embryo. The contents were transferred into the egg
through the hole using insulin syringe. A total of 0.2 mL of seed extract and 0.2 mL of saline
were used to inject test and control groups, respectively. After overnight incubation at 65%
relative humidity and 37 ◦C, candling procedure was utilized to check eggs’ survival status.
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2.7.2. Lethal Toxicity (LD50) Quantification

LD50 ranges were determined by injecting various concentrations (2–10 µg) of
B. caeruleus venom in 0.2 mL saline and by incubating them at 37 ◦C for 24 h. The surviv-
ability of the eggs was determined by candling method followed by the opening of the
eggs’ apexes. Meier and Theakston’s [31] procedure was followed to record LD50.

2.7.3. Lethal Toxicity Neutralization by the Chick Embryo Model

For neutralization, 3 LD50 of the B. caeruleus venom was considered as the challenging
dose. The challenging dose of B. caeruleus venom and 50 µg/0.2 mL seed extract were incu-
bated together at 37 ◦C for 30 min. The pre-incubated mixture and challenging dose were
separately injected into eggs (n = 6). Control eggs were administered with saline. Embryos
were checked every hour and at 5h the survivors were noticed. The same procedure was
repeated with 100 µg/0.2 mL seed extract.

2.8. Acute Toxicological In Vivo Studies Using Murine Model
2.8.1. Acute Oral Toxicity Investigation

The acute oral toxicity of the seed extract was determined as per Vineetha et al. [32].
The mice were evaluated for changes in behavior, gross toxicity signs, and mortality every
day for 14 days. Body weights were also recorded at time zero (prior to administration), on
day 7, and on the 14th day.

2.8.2. Lethal Toxicity Neutralization and Evaluation

The lethal toxicity was evaluated as per the technique proposed by Theakston and
Reid [33]. For the determination of median lethal dose (LD50), different doses of krait
venom in 200 µL of saline were administered to the mice by intraperitoneal route. After
24 h, deaths were counted and the Meier and Theakston [31] procedure was utilized to
quantify lethal toxicity. Mice used for lethal toxicity neutralization studies were divided
into four groups. Control mice were injected with saline alone (Group I). For inhibition
study, 3 LD50 of venom was selected as challenging dose. Group II mice were injected with
3LD50 of venom. Groups III and IV received venom pre-incubated for 30 min at 37 ◦C with
2 concentrations of seed extracts (krait venom: seed extract corresponded to 1:10 and 1:20
(w/w), respectively). The survival times were recorded.

2.8.3. Neutralization of Myotoxicity

Histopathological studies were conducted to analyze the neutralization potential of
plant extracts against venom-induced myotoxicity. The mice were injected with 50 µL
(5 µg) of the samples in saline by intramuscular route. After 180 min, histological studies
of thigh muscle tissue were conducted by dissecting it and fixing it in Bouin’s reagent
overnight. Later, a mixture of alcohol/chloroform was utilized to dehydrate the samples
for 24 h. After staining, sections were observed with the help of microscope. For inhibition
investigations, venom was pre-incubated aqueous ethanolic seed extract.

2.9. Statistical Analysis

All the measurements were taken 3 times. The independent student’s t-test analysis
was adopted and was performed using SPSS software 20.

3. Results
3.1. Analysis of Phytochemicals from A. catechu Seeds

Two solvents were utilized to extract the phytochemicals from the A. catechu seeds. The
percent yield of the extract (w/w) was found to be 4.113 and 7.484 g for the ethyl acetate and
aqueous ethanolic extracts, respectively. The assessment of the phytocompounds showed
the presence of phenols, steroids, tannins, glycosides, and terpenoids in both the aqueous
ethanolic and ethyl acetate seed extracts.
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3.2. In Vitro Enzyme Assay and Neutralization Studies

The protein concentration of the 0.2% venom was 260 µg/mL. The specific activities
of PLA2, hyaluronidase, and protease of B. caeruleus venom were 2.10 ± 1.44 U/mg,
1.13 × 10−5 ± 0.33 TRU/min/mg, and 1.5 × 10−6 ± 0.015 µmol/h/mg, respectively.
The anti-venom activity of A. catechu seeds against B. caerules venom was determined by
in vitro and ex vivo investigations. The enzyme activity was calculated by percentage
by considering the krait venom activity alone as 100%. The enzyme inhibition studies
revealed that both the extracts at 100 µg/mL completely inhibited the hyaluronidase activity,
whereas at 50 µg/mL, hyaluronidase inhibitions of 80 and 100% were obtained for ethyl
acetate and aqueous ethanol extract, respectively. The phospholipase inhibition studies
revealed that both the extracts inhibited the enzyme. However, protease neutralization
was only observed in the aqueous ethanolic extract at a 0.002 g/mL concentration. The
IC50 values of the aqueous ethanolic extract were lower than those of the ethyl acetate
extract, which were 0.001 g/mL and 0.006 g/mL for hyaluronidase and phospholipase A2,
respectively.

3.3. Inhibition of Pharmacological Activity

The Aα of the fibrinogen was hydrolyzed by 0.1% krait venom. At a 1:10 ratio of krait
venom to seed extract (w/w), fibrinogen degradation was completely neutralized (Figure 1).
The indirect hemolytic assay for PLA2 action was studied. A total of 1 µg krait venom was
noted as the dose for the minimum hemolytic halo (MHH), which produced an 11 mm clear
zone in the hemolytic gel plate. The aqueous ethanolic extract totally deactivated hemolytic
action at 1:100 (w/w) venom: extract (Figure 2). However, a reduction in diameter by 7 mm
was observed in the ethyl acetate extract at the same concentration (Figure 2).
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Figure 1. Neutralization of fibrinogenolytic action of B. caeruleus venom by A. catechu seed
extracts. Lane 1—fibrinogen control (without the venom), Lane 2—venom incubated with fibrino-
gen alone, Lane 3—ethyl acetate extract + fibrinogen + venom, and Lane 4—aqueous ethanolic
extract + fibrinogen + venom.

3.4. Acute Toxicological Studies Using Chick Embryo Model

The toxicological studies were carried out on a six-day-old chick embryo possessing a
vascularized yolk sac as well as a primitive embryonic heart. The aqueous ethanolic seed
extract (100 µg/0.2 mL) was checked for toxic effects. The chick embryo grew normally
and thus the seed extract was not toxic (Figure 3). The LD50 value for B. caeruleus venom
was determined to be 4.9 µg/egg. For the neutralization assessments, a 3LD50 of venom
was selected as the challenging dose. The plant extract exhibited promising inhibition
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by extending the survivability of the eggs. When the challenging dose of venom was
injected first followed by the extract, three embryos survived up to 2 h and the remaining
embryos for 4 h. However, all the embryos survived when the challenging dose of venom
was pre-incubated with the seed extract of either 1:10 or 1:20 krait venom: seed extract
(w/v). Thus, the experiment indicates the anti-venom activity of this seed extract against
B. caeruleus venom (Figure 4; Table 1).
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3.5. Acute Toxicological Studies Using Murine Model
3.5.1. Acute Oral Toxicity of the A. catechu Extracts

Ethical permission (DSCP/DST/IAEC/06/16-17) and IAEC/NCP/92/2015 acting as
ethical committee approval were granted before the investigation. In this investigation, no
toxic effects, abnormal behavior, and/or pharmacological symptoms were noticed in the
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mice dosed with 100 µg/kg of A. catechu aqueous alcohol during the assessment period. In
addition, all the mice grew normally and gained weight normally during the study period
of 14 days.
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Figure 4. Anti-venom potential of A. catechu aqueous ethanol extract against B. caeruleus venom
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Table 1. Lethal toxicity (LD50) determination of B. caeruleus venom in chick embryo model with
saline, venom, and venom: extract (1:10; 1:20 w/w).

Venom/Extract Concentration Time of Death

Saline (Group 1) 24 h

Venom alone (3 × LD50) (Group 2) 2–4 h

Venom: extract (1:10 w/w) (Group 3) 24 h

Venom: extract (1:20 w/w) (Group 4) 24 h

3.5.2. Lethality Analysis and Neutralization

The lethal toxicity studies were conducted using murine models. To determine the
LD50 value, various amounts of B. caeruleus venom were injected intraperitoneally as
represented in Table 2. Various concentrations of B. caeruleus venom, i.e., 2, 4, 6, 8, and
10 µg, were injected to estimate the lethal dose, which was calculated as 0.1927 µg/kg
body weight of the mice. Table 3 shows the neutralization of the challenging dose of krait
venom (3 LD50) by A. catechu aqueous alcohol extract in the murine models. The survival
period of mice was 24h when saline was utilized alone for the injection, whereas the mice
survived for 25 min when they were administered the extract pre-incubated with krait
venom alone (3LD50). However, 30 and 35 min were the survival times when the venom
was pre-incubated differently with 1:10 and 1:20 ratios (w/w, venom: aqueous alcohol seed
extract), respectively.
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Table 2. Lethal toxicity (LD50) quantification of B. caeruleus venom in murine models.

Group Venom in µg per /25–27 g
of Murine Body Weight Mice Dead Out of 5 Mice Survived

Saline - 0 100%

Group I 2 µg 1 80%

Group II 4 µg 2 60%

Group III 6 µg 2 60%

Group IV 8 µg 3 40%

Group V 10 µg 5 0%

Table 3. Deactivation of challenging dose of B. caeruleus venom (3 LD50) by A. catechu aqueous alcohol
extract in murine models.

Venom/Extract Concentration Time of Death

Saline (Group 1) 24 h

Venom alone (3 × LD50) (Group 2) 25 min

Venom: extract (1:10 w/w) (Group 3) 30 min

Venom: extract (1:20 w/w) (Group 4) 35 min

3.5.3. Neutralization of Myotoxicity

For the determination of the myotoxicity of the venom, 5 µg of krait venom was
injected intramuscularly. Three hours after the venom administration using diethyl ether,
the mice were euthanized and their muscle sections were excised and stained. Moderate
edema was seen in between the muscle fibers in the microscopic examination. Minimal
edema was observed when the aqueous ethanolic seed extract was injected (Figure 5).
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A. catechu plant.

4. Discussion

Snake bites are among the major health issues in India, causing deaths especially in
rural areas [3]. The victims of snakebites have been treated with plant extracts for a very
long time; even now, the search for medicinal plants that can cost-effectively neutralize the
effects of snake venom continues. In this study, the activities of protease, hyaluronidase,
and phospholipase A2, which are important constituents of B. caeruleus venom, were
evaluated. These enzymes are responsible for early envenomation reactions, such as tissue
degradation, inflammation, etc., resulting in the release of other toxic substances present in
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the venom. In these conditions, the anti-venom compounds may fail to halt and deactivate
local tissue damage [7,34].

The anti-venom potential of A. catechu plant was evaluated, and neutralization studies
were conducted with the seed extracts of different concentrations. It was observed that
both ethyl acetate and the aqueous ethanolic extracts neutralized hyaluronidase and PLA2
activities. However, the protease activity was inhibited only by the aqueous ethanol
extract. At low concentrations, both extracts of A. catechu inhibited the hyaluronidase
action. This inhibition can stop the release of other toxic substances and thus prevent the
negative effects of the krait venom. The aqueous ethanol seed extract was active against
the venom enzymes in vitro. Similarly, the A. tetracantha leaf extract inhibited the effect of
toxic enzymes such as the hyaluronidase, phosphomonoesterase, and acetylcholinesterase
from krait and V. russelli venoms [35,36]. Likewise, the leaf extracts of C. serratum exhibited
promising inhibition against the venom enzymes of Daboia russelii and the krait [37]. The
inhibition of krait venom by A. catechu seeds may be ascribed to the phytochemicals
such as the phenols, steroids, tannins, glycosides, and terpenoids present within them.
Baggai et al. [38] suggested an interaction between bioactive substances and calcium ions,
which are a vital cofactor of PLA2.

The fibrinogenolytic action of B. caeruleus venom was determined on 12% agarose gel,
where the venom degraded the Aα band of the fibrinogen. The fibrinogenolytic activity
caused by the venom was attributed to various types of proteases present in the venom. The
1:10 (w/w) ratio (venom: seed extract) was observed as an effective concentration. Similarly,
the fibrinogenolytic action of the krait venom was totally prevented by the bioactive
compounds in the A. tetracantha extracts [36]. This investigation was authenticated by the
findings of Baggai et al. [38], where the phytosubstances available in both aqueous and
crude methanolic extracts of Tamarindusindica seeds stopped the hydrolysis of fibrinogen’s
Aα and Bβ chains. Clerodendrum serratum extracts also exhibited promising inhibition of
B. caeruleus and Daboia russelii venom-induced fibrinogenolytic activity [37]. In contrast,
the degradation of the human fibrinogen Bβ chain was stopped by the phytocompounds
present in the seeds of Tamarindus indica [8]. Thus, the A. catechu seeds exhibited promising
inhibition of B. caeruleus venom-induced fibrinogenolytic activity.

The indirect hemolytic activity was studied by investigating the phospholipid hy-
drolysis of the krait venom by PLA2. The 1 µg sample of krait venom formed an 11 mm
hemolytic halo and the aqueous ethanolic extract totally neutralized hemolytic action at
1:100 (w/w, krait venom: seed extract). However, a reduction in diameter (7 mm) was
observed in the ethyl acetate extract at the same concentration. Previous studies have
showed that 15 µg of cobra venom and 10 µg of B. caeruleus venom produced an MHH of
11 mm, which was neutralized by 0.15 mg and 0.18 mg of Mucuna pruriens extract, respec-
tively, on agarose–sheep–erythrocyte gel plates [39]. Leucas aspera extract also deactivated
all other actions caused by the N. naja venom, but the activity of PLA2 was not stopped
totally [40]. The aqueous fraction of the methanolic extract from the Tamarindus indica
seeds stopped the hemolysis and hemorrhagic action caused by the crude venom of
Bitis arietans [38]. The inhibition of hemorrhaging resulting from B. jararaca venom was
attributed to the catechin of tannins present in the butanolic C. urucurana extract [41].
However, the neutralization of the hemorrhagic effect of Malaysian pit viper venom by the
butanolic Eclipta plant extract was ascribed to the formation of hydrogen bonds between
the hydroxyl groups of the phenols and carbonyl functional groups of the peptide bonds
present in the proteins/enzymes of the venom [42]. Ushanandini et al. [8] also reported a
neutralization of indirect hemolysis resulting from V. russelli venom via the seed extract of
Tamarindus indica. Thus, the bioactive phytochemicals of A. catechu seeds inhibit hydrolytic
enzymes at a low dose along with other hemorrhagic toxic substances responsible for
venom’s negative effects.

A. catechu aqueous ethanol extracts were found to be nontoxic in both models.
Sari et al. [43] reported similar results with the same plant but in rats. Likewise, the
ethyl acetate extract from the A. tetracantha leaf stopped the LD50 of venom in both mice
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and embryonic models [36]. The neutralization of toxicity was performed by selecting a
threefold higher concentration of venom (3 × LD50, challenging dose). The chick embryos
injected with pre- incubated venom survived for 24 h, similar to that of saline. This result
indicates the neutralizing potential of the seed extract. The lethality of the venom of the
saw-scaled viper and krait was neutralized by a cocktail prepared by mixing four plant
extracts [44]. Current studies prefer the use of chick embryo models for venom studies,
wherein the LD50 value is evaluated for each batch. The major advantages associated with
the chick embryo model is that it requires less venom to calculate the LD50 values and
ethical approval is not needed.

Myotoxicity was induced by two different types of PLA2 from the venom: one type
constitutes the neurotoxic PLA2 and the other category constitutes non-neurotoxic types
of PLA2. The higher level of PLA2 from the krait venom shows a higher degree of my-
otoxic action linked with the venom. This was importantly neutralized by the seed extract
under study. Janardhan et al. [36] and Ushanandini et al. [8] reported similar neutraliza-
tion of the myotoxic properties of krait and V. russelli venom by A. tetracantha leaf and
Tamarindus indica seed extracts, respectively. The myotoxic effects caused by the Russell’s
viper and krait venom were also stopped with an herbal cocktail prepared by utilizing four
medicinal plants [44].

5. Conclusions

The toxic enzyme inhibition of B. caeruleus venom and pharmacological actions exhib-
ited by the A. catechu seed extract were observed. This can be ascribed to the phytosub-
stances present in the A. catechu seeds that may act as enzymatic inhibitors/modulators
and/or activators. Further, the purification and characterization of the A. catechu extracts
would confirm whether a single phytocompound or a synergistic action of phytocom-
pounds is responsible for the anti-venom aspects. Academicians must work synergistically
with commercial companies to develop a new first-aid medicine from A. catechu seeds to
combat snake bites.
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