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/5% and 50% at 3 LDs-
lized bleeding time ang
kably, the efficacy of the
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eXtract showed higher levels of bleeding
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INTRODUCTION

Snakebites Tépresent a pyblic health

ads to high morbidity ang
€specially in the African
ntinent. Thig
d under class

mortality

continent and Indjan subco
tropical disease is classifie

one of abandoneg
the World Health
(Sofyantoro et al,
(2021) reported an
snakebite of 497 /10
of 12.2% in Savann
Nigeria. Although,

global health issues
Organization (WH
2022). Malik et
annual incidence
0,000 and a morta
ah Region of North
the data available
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f snakebites. However,
ted available, cold

spitting cob
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Northern Nigeria
Administration

antivenoms rem
the treatment O

challenges such as limi
ic reactions, and

transport chain, allergi
exorbitant cost limited t

antivenoms (Gamulin etal,
is imperative to search for generally

available, effective, and cost-friendly
alternatives such as medicinal plants

extracts.

he use of these
2023). Thus, it

Tamarindus indica of the Fabaceae,
;ubfamily Caesalpinioideae, is an
important food in the tropics. Asian
countries such as India and Myanmar have
used 7amarindus indica for the treatment
of snakebite (Ghaly et al, 2023). Although
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encapsulated extract of 7 ,
against N. nigricollis Vénlndica .
Jethality and coagulopathy; 0

MATERIALS AND METyqp,

Collection and identificati
material atlon i

The whole parts Tamarinduys g

collected from Bosso, Minnga, y; lca
Nigeria (Latitude 13° i 4156;45@

Longitude 13° 18" 37.08"

September 2024. The plai)t ?l?atthe'm
identified at the Department ?flal “
Bi_ology, Federal University of Techno[;]a
Minna, Nigeria with voucher num(;j
FUT.MIN/SLS/PB-020-024 and ¢
specimen was deposited at the herbri

unit of the University.

Chemicals and reagents



/

yrahim etal 2nd School of ife Sciences Iny
~1ENces Inte

chemicals and reagents

The chemicals and e

apgents
k;(U(l.V waoere

‘nf analytical ‘;'-;.';‘f(ll(j:, Th"‘
products of Central Drug Hoyge (’( iy
India. The chemicalg g : 'r("-l)[l).
employed in this study include (IJ'(:‘V;'??I’H?:
water, phosphate buffer, Chil()gﬂ'” '-a’tl.“(,“(l
acid, phosphate-buffereq salin‘tf \'- i
U.ipo|yphos_phate, p‘Ot.Sod!urn
hexacyanoferrate (11y), among othe?:S]um
preparation of chitosan nanoparticles

chitosan solution concentratj

w/v was prepared by dissolt\:?r:lg c;f 1%f
chitosan with deacetylation degree %;
in 100 mL of 1% acetic acid. The miit °
was stirred on a magnetic stirrer al:re
temperature of 37 °C unti] the chitosaa
had completely dissolved (indicated bn
appearance of clear solution !

). Th '
of tripolyphosphate (TPP) so Sa S il

lution (0.59
w/v) was slowly added to the chi(tosa/rol

solution at the rate 0.2 mL/minute with
continuous  stirring, Afterwards, the
solution was further stirred for 1 hour at
room temperature (37 °C) to ensure
homogeneity. Finally, the chitosan
nanoparticles ~ were  separated by
centrifugation at a speed of 20,000 g and

temperature of 4 °C for 30 minutes (Farid
. etal,2024).

Encapsulation of T. indica seed extract in

~ chitosan nanoparticles

i

To encapsulate the 7. indicaseed extractin
chitosan nanoparticles, 3 g of the
synthesized chitosan nanoparticles were
dissolved in 30 mL of 1% acetic acid and
stirred on a magnetic stirrer until
complete dissolution. Thereafter, 15 mL of
T. indica seed extract (10 mg/mL) was
added to the solution of chitosan
nanoparticles. The mixture was stirred for
1 hour to ensure the extract was
maximally entrapped (Farid et al, 2024).

Mation
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Experimental animals

Atotal of one hundred and fifty (150) mice
Weighing 31 4+ 2.00 g were purchased
f’”’m Murine Top Farms, Minna, Niger
state, Nigeria. The animals were kept in
polypropylene cages under environmental
conditions of temperature 27 + 2 °C and
relative humidity 46-53%. The animals
were given free access to water and fed
with pelletized commercial grower feed
(Vital Feeds, Jos Nigeria) ad libitum. The
experiment was performed following the
review protocol (1997) of Canadian
Council on Animal care and use guidelines.
Ethical clearance number 00021 was

issued by FUT, MINNA/Nigeria Ethical
Review Committee.

Animal grouping in anti-antivenin studies
There was execution of a fully

randomized design experiment in which
animals of equal number (n= 4), body
weight, and gender were randomly
allocated to different experimental
groups as shown below:

Group 1 (Naive control): administered
mL/kg body weight normal saline

Group 2(Positive control): envenomed

and administered 100 mg/kg body wei
of echitab plus

Group 3(Negative control): intoxicate

and administered 2 mL/kg body weig
normal saline

Group 4: envenomed and administer¢

100 mg/kg body weight encapsulater
extract

Group 5: envenomed and administer

200 mg/kg body weight encapsulate
extract
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eXIracts ¥ eration of 3 LDso and 5 LDso
(ip) administration of ‘ o
d(')ses ofthe venom into different group
mice. The 3 LDso and 5 LDso dos?s' of the
venom were respectively administered
one hour (1 h) after the oral
administration of various doses of the
encapsulated and unencapsulated extracts.

Determination of bleeding time

The bleeding time of the mice envenomed
with 5LDso of the venom was measured
using the method of Deshpande et al.

(2022) with slight modifications.
minutes after respective]

the extracts (e  encapsulated

Thirty
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Determination of clottmg time

lotting time of the Micg
r\[l'vl—i,tehCSLDs() of the venom V\?azn(\;(
using capillary coagulatigy, mQ\
described by Deshpande
Mice were respectively adn;
different doses of encapgy),
unencapsulated‘ extracts thirgy
prior to venom injection, N0n~h‘
capillary tube was used ¢ co
from the retro-orbital pleyys
through capillary action until y,
of the tube was filled with bloc
intervals, one half of the capill;
carefully broken off at one gy,
pulled apart to look for the -
(fibrin clot) which ig an j
clotting. The breaking of the t
at 20 sec intervals untij| fibri
seen. The time it took the tiy,
taken as the clotting time,

f

Determination of apy
activity
The minimum haemorrhag
of N. nigricollis venom was
the method described by V
(2022). The minimum hae
is defined as the least an

and
unencapsulated extracts), the venom (at
Fiqse of_ 5LDso) was intraperitoneally
Injected into the mice. Pressyre was built

which when injected intra
Lo mice results in a haems
10 mm diameter

prophylactic study, the M
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RESULTS
Figure 1 shows the Prophylactic v
induced lethality Neutralization «
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against N, nigricolljs ot ve
envenomed mice gng in the
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Figure 1: Prophylacti
indica Seed Extract
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Soth showed
effects, At 400 mg/kg, U -
sSurvival against 3 LDsg venom, while
the same dose conferred 100% survival.
The positive control (Echitab plus, 100
mg/kg) also showed 100% survival. In
contrast, chitosan nanoparticles (CNPs)
alone (400 mg/kg) conferred no
Protection (0% survival), confirming tl?at
Neutralization requires bioactive

Compounds rather than nanocarrier
Mmaterials.

neutralizat

the u nencaps
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¢ Neutralization of Naja nigricollis venom (3 LDso) by Chitosan-Encapsulated
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Table 1: Prophylactic Efficacy of Chitosan-Encancylased ) e sacl il
s i 34 _hitosan- apsulated Extract of 7. indica Seed on Naja nigricmilis i 2 *E
Treatment group Bleeding time (minutes) Clotting tme (FTNUtES
Normal control 1.00+0.002 33+0.08
Negative control 4.08+0.08¢ 4.58+0.08
Echitab plus 1.00+0.00° 1.4220.08:
400 CNPs 3.42+0.08¢ 4,08+0.08¢
100 UE 2.83+0.08¢ 3.58+0.084
200 UE 2.67+0.08¢ 3.08+0.08¢
400 UE 1.4240.08° 2.25+0.14°
100 EE 1.50+0.00% 3.08+0.08¢
200 EE 1.17+0.172 1.58+0.082
400 EE 1.0010.002 1.50+0.142

along columns are significantly differentatp < 0.05.

Figure 3 depicts the anti-haemorrhage
effects of the encapsulated and
unencapsulated extracts of 7. indica seed
against N. nigricollis venom-induced
haemorrhage in mice. It was observed that
the intradermal administration of the
venom resulted in haemorrhage. However,
prophylactic administration of the
extracts mitigated the venom-induced
haemorrhage. The effects of the extracts
were observed to be dose dependent.
Groups treated with 400 mg/kg body
weight of the encapsulated extract showed

63

Values are presented as mean + standard error of mean (SEM) of three replicates. Values with different superseri]

the highest haemorrhage-suppress
with a haemorrhage inhibition of ¢
which was significantly higher (p-
than that of unencapsulated extr:
73.00% haemorrhage inhibition
same dose. No significant differer
0.05) was observed betweer
treated with encapsulated exb
group treated with 100 mg/ke
plus. Groups treated with 400 mg
inhibited haemorrhage by only
which was the least haemorrhag
among treated groups.
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Figure 3: Prophylactic Efficacy of Chitosan-Encapsulated Extract of 7 ind;
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|

diverse array of toxins ¢,

DISCUSSION

This  study revealed that both lesthetlity through enZymntFibuti
encapsulated and unencapsulated extract (metalloproteinases’ Serinstlc "
significant neutralized the N nigricollis phospholipase A2) or thre pr‘Otea
venom-induced lethality, with and other ncm'enzymatl'ce.fm~ge
encapsulated achieving 100% protection cause haemorrhage, COaguTOle
Against the venom at 400 mg/kg body tissue damage ultimately .
veight. To our knowledge, this is the study death (Oliveira et al, 202resm
valuating the neutralization potentials of mechanisms through whic, 12)'
?Capsulated and unencapsulated extracts antivenoms elicited their Effegt:r]:t‘
" 7' Indica seed against N. nigricollis postulated indUdingpmteinprecia
nom-induced lethality, N. nigricollis enzyme inactivation /inhibition Cff
nom like other snake venoms contains adjuvant action, and antioxjda‘m;

(Ravi et al, 2024: Melo et al, I
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r:fm}rmw"»‘ bleeding time and clotting s
‘”d”,.‘_rj by the venom nf N - gricollis
',,t",,,,“,-]g determines platelet function an d
ta;culur integrity by measurin

E primary

haemostasis, which is the time for

hleeding to sto‘p'uher skin incision
(Metkar& Saraf, 2023). Clotting time on
the other hand measures secondary
haemostasis (coagulation cascade) which
is an essential tool

for detectmg life-
threatening coagulopathy in snake

bites.

Venomous Snakes from the family
‘Elapidae’ have been shown 1o alter
primary haemostasis byinhibiting platelet
aggregation or destroying platelets using
metalloproteinases, blocking platelets
receptors (e.g GPIb, allbB3 integrin), or
vascular damage by metalloproteinases
(Alvitigala et al, 2025). Furthermore, the
secondary haemostasis i disturbed by
direct conversion of fibrinogen to fibrin by
omponents resulting in rapid
depletion of clotting factors, inhibition of
blood clottin

g factors such as X, XV, or
thrombin, degradation of fibrin ¢

€S resulting in restored

primary and secondary haemostasis,
Furthermore, the

€ncapsulated ang
unencapsulated extracts of T. indica seeq
significantly mitigated vVenom-induced
haemorrhage. However, the encapsulateqd
extract was

' to  exert higher
protective effect. Hemorrhage is said to be

M by

proteas tai

idditian tl ko

DOt 1 AT ¢4 ¥y
compared to unencansul 4
A surprise Since 1N

been

reported to shield piant extras
rom  oxidative degradation
pharmacokinetics and stability of olan

extracts (Soltanzadeh ee 4/, 207 L)

Conclusion

The  encapsulated
extracts of T

and  unencapsulated
indica  seed
significant in vivo antivenom et
encapsulated extract exhibiting ¢
neutralization ¢

exnnited
fects, with

nigher
ffects. By implication, the
éncapsulated extract can be employed in
the treatment or management of N
nigricollis €nvenomation or used as a drug
lead for the development of efficacious
antivenom against N. nigricollis
urther studies should be
on isolation of bioactive
compounds and ip vivo

antivenom
evaluation of such compounds.
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