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Fig. 1 - Minimum coagulant dose (MCD)
curves of Bothrops jararaca venom (BjV)
in citrated human plasma (PPP). B}V was
two-fold serially diluted, and clotting times
were recorded using a coagulometer. (a)
The influence of calcium ions in the
dilution solution (Tyrode’s buffer) for BjV,
and the presence of phospholipids,
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Humans - use of PPP, PRP, or whole blood, PL

- BjV no Ca*2 - PPP - MCD= 100.51 pg/mL, Clgss,: 93.74 — 108.59 pg/mL
-m- BjV+2mM Ca*? - PPP - MCD = 82.43 pg/mL, Clggy,: 78.82 — 86.01 pg/mL

INTRODUCTION

Bothrops jararaca snake venom (BjV) contains toxins that
activate and inhibit blood coagulation, induce thrombocytopenia,
and promote endothelial dysfunction and secondary fibrinolysis
in human and animal victims of snakebites.

-®@  BjV+2mM Ca?" - PPP+saline, MCD= 89.70 pig/mL, Clos.,: 85.66 — 93.86 pg/mL
@ BjV+2mM Ca® - PPP+PL (1:4), MCD= 77.18 pg/mL, Clggy,: 72.77 — 81.68 pg/mL
- BjV+2mM Ca®* - PPP+PL (1:2), MCD= 65.53 pg/mL, Clgss,: 62.35 — 68.60 pg/mL

¥~ BVnoCa* - PRP - MCD= 92.98 pg/mL, Clgs,,: 86.50 — 100.09 ug/mL
~¥- BjV+2 mM Ca®* - PRP- MCD=44.71 pg/mL, Clgss,: 40.38 — 49.35 pg/mL

10 -@  BjV+ 2mM Ca® - whole blood - MCD= 12.27 pg/mL, Clgs
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o 8.83 — 16.63 ug/mL

Humans - deficient PPP + 2mM Ca?* and phospholipids

AlM

-@- Normal human plasma+phospholipids, MCD= 68.97 pg/mL, Clgge,: 61.22-76.36 ug/mL
-l Factor V deficient plasma, MCD= 217.75 pg/mL, Clgge,: 209.90-225.00 pg/mL

—A— Prothrombin deficient plasma, MCD= 266.55 ug/mL, Clgge,: 252.75-282.31 pg/mL

¥~ Factor X deficient plasma, MCD= 98.07 pg/mL, Clgss,: 96.06—100.34 pg/mL

—4— Factor VIl deficient plasma, MCD= 49.94 pg/mL, Clgge,: 46.96-53.15ug/mL

@ Factor IX deficient plasma, MCD= 148.55 pg/mL, Clgsy,: 132.57-161.34 pg/mL

To study the in vitro coagulant activity of BjV on human and
murine plasmas.

METHOD

Analyses of
e CaCl; and phospholipids
e Coagulation factor Il, V, VII,

 Twofold serial dilutions =
< — 1 i
o 00 \/

S —

Bothrops jararaca snake Snaké venom | |

(BjV)
. .
« —]—

VIII, IXand X
e Factor Xa and/or lla inhibitors
¢ Inhibitors of serine protease
> and metalloproteinases

{
Mice ouse plasma
_a . s : - ‘ * . h a
) R?t:;) Rat p'iasma ‘, ‘Q -
) ,‘ * '

T—i— »

Human plasma

Humans
1000 -~ Humans
o R - C57BL/6 mice | Register of
Determination of g - Wistar rats clotting times
Minimum coagulant g ............................................
o o
dose (MCD) and 95%  gatistical £ . I
confidence intervals  apalyses 3
14 T T T 1
10 100 1000 10000
BjV (ng/mL)

The coagulant activity of BjV was assessed in normal and
coagulation-factor-deficient plasmas from humans, rats, and
mice (C57BL/6, F8'-, F9'-, Vwf’-, and Ap3b1re (pearl mice)).
The roles of calcium ions, phospholipids, and blood cells on
the coagulant activity of BjV were evaluated. Pharmacological
inhibitors were used to analyze the generation of factor Xa
and/or thrombin, and their contribution to the coagulant activity
of BjV.

CONCLUSIONS

1.Human plasma showed greater sensitivity to BjV than rat and
mouse plasmas. Calcium ions and phospholipids influenced BjV's

coagulant activity, and red blood cells and platelets further
increased it. Pre-incubation of PPP with rivaroxaban and
dabigatran demonstrated that BjV's activity in rodent plasmas
primarily depended on prothrombin activation, while in human
plasmas, it involved both thrombin-like enzymes and prothrombin
activators.

2. This study highlights significant differences in BjV coagulant
effects between human and rodent plasmas, underscoring the
need to consider these disparities in comparative envenomation
studies using animal models.

-@- Factor VIl deficient plasma, MCD= 96.07 pg/mL, Clgse,: 92.19-99.86 pg/mL

BjV (Hg/mL)

Humans - deficient PPP - 2 mM Ca?* and no phospholipids
1 k. -@- Normal human plasma, MCD= 82.43 pg/mL, Clggy,: 78.82 — 86.01 pg/mL
-~ Factor V deficient plasma, MCD= 226.64 pg/mL, Clgge,: 209.96 — 244.85 pg/mL
—&— Prothrombin deficient plasma, MCD= 351.41 pg/mL, Clgsy,: 310.43 - 408.87 pg/mL
~W- Factor X deficient plasma, MCD= 72.05 pg/mL, Clgss,: 63.47 — 79.87 pg/mL
—4— Factor VIl deficient plasma, MCD= 85.13 pg/mL, Clgsy,: 79.87 — 89.99 ug/mL
-@- Factor IX deficient plasma, MCD= 165.78 pg/mL, Clgss,: 157.63 — 174.86 pug/mL
-@- Factor VIl deficient plasma, MCD= 91.27 pg/mL, Clgse,: 84.30 — 98.73 pg/mL

a Mouse strains - PPP - BjV + 2 mM Ca*

—e— C57BL/6, MCD= 413.94 ug/mL, Clgss,: 367.44 — 459.73 pg/mL

-~ F9'", MCD= 447.22 pg/mL, Clggy,: 418.91 —474.79 pg/mL

—e— F8&" MCD= 348.71 pgimL, Clggy,: 334.93 — 362.79 pg/ml

~o— Pearl (Ap3b1°), MCD= 334.42 pg/mL, Clggy,: 311.02 — 355.06 pg/mL
~&— Vf"", MCD= 510.60 pg/mL, Clggs,: 480.42 — 544.93 pg/mL
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b Mouse strains - whole blood - BjV + 2mM ca®*

—a— C57BL/6, MCD= 100.97 pg/mL, Clgsg,: 89.15 = 114.29 ug/mL

-& F97", MCD= 176.97 ug/mL, Clggo, 141.82 — 220.48 ug/mL
~8— Pearl (Ap3b17), MCD= 247.85 ug/mL, Closy,: 188.91 — 353.47 pg/mL
~o— Visf", MCD= 380.21 pa/mL, Closy, 272.55 — 567.09 pg/mL

BjV (pg/mL)

_Humans - PPP- inhibition of factor Xa and/or lla - BjV + 2 mM ca®

-¥— Vehicle, MCD= 73.45 pg/mL, Clgge;,: 70.20 — 76.59 pg/mL

~¥- Rivaroxaban, MCD= 154.09 pg/mL, Clgss;,: 149.49 — 159.54pg/mL

—¥— Dabigatran, MCD= 179.69 pg/mL, Clgse,: 174.90 — 184 43ug/mL
ivaroxaban+dabigatran, MCD= 228.84 pg/mL, Clgge,: 221.13 — 237.49 pg/mL
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C57BL/6 mice - PPP- inhibition of factor Xa and/or lla - BjV + 2 mM Ca®*
T —¥— Vehicle, MCD= 338.83 ug/mL, Clgss,: 299.41 — 372.07 pg/mL
¥ AEBSF, MCD= 552.96 pg/mL, Clgse,: 489.53 — 597.28 pg/mL
—¥— Rivaroxaban, MCD= 410.83 pg/mL, Clgss,: 348.89 — 472.48 pg/mL
—¥— Dabigatran, MCD= 418.91 pg/mL, Clgge,: 375.29 — 473.64 pg/mL
ivaroxaban+dabigatran, MCD= 491.76 pg/mL, Clgsy,: 435.52 — 546.68 ug/mL

100
BjV (ug/mL)

Wlstar rats - PPP- inhibition of factor Xa and/or lla - BjV + 2 mM Ca*?
c —¥— Vehicle, MCD= 91.91 pg/mL, Clggy,: 83.73 — 100.10 pg/mL

—¥— Rivaroxaban, MCD= 695.34 ngmL Clgss,: 638.05 — 750.60 pug/mL
-¥— Dal bg atran, MCD= 1932.45 pg/mL, Clgss,: 1719.52 —2178.65 pg/mL
-¥- Rivaroxaban+dabigatran, MCD= 2626.?2 ug/mL, Clgge,: 2391.54 — 2886.67 pug/mL
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platelets (PRP — platelet rich plasma) and
whole blood (including all blood cells)
were evaluated on the coagulant activity
of BjV. (b, c) The coagulant activity was
further assessed using coagulation
factor-deficient plasmas in the presence
(b) or absence (c) of phospholipids in the
clotting reaction. Each point in the plots
represents the mean £ s.e.m. from at
least three replicates. MCD values and
95% confidence intervals were estimated

using inverse regression and
bootstrapping.
Fig. 2 — Minimum coagulant dose

(MCD) curves of Bothrops jararaca
venom (BjV) in citrated mouse plasmas
(platelet poor plasma, PPP). BjV was
two-fold serially diluted, and clotting
times were recorded using a
coagulometer. The influence of diverse
mouse strains in the clotting activity in
PPP (a) or whole blood (b) (containing
all blood cells) were evaluated. Each
point in the plots represents the mean +
s.e.m. from at least three replicates.
MCD values and 95% confidence
intervals were estimated using inverse
regression and bootstrapping.

Figure 3 — Minimum coagulant dose
(MCD) curves of Bothrops jararaca
venom (BjV) in citrated plasmas
(platelet poor plasmas, PPP) from
humans (a), C57BL/6 mice (b), and
Wistar rats (c). BjV was two-fold
serially diluted, and clotting times were
recorded using a coagulometer. (a) The

influence of a factor-Xa inhibitor
(rivaraxoban at 200 pg/mL, final
concentration) and/or thrombin

inhibitors (dabigatran at 40 ug/mL, final
concentration) were evaluated on the
coagulant activity of BjV. Each point in
the plots represents the mean + s.e.m.
from at least three replicates. MCD
values and 95% confidence intervals
were estimated using inverse
regression and bootstrapping.
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