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Abstract The Porthidium genus is represented by the

P. lansbergii rozei and P. lansbergii hutmanni (Plh) sub-

species in Venezuela. The venom components of these

have been little studied, probably due to the low incidence

of reported accidents, although acute and serious local ef-

fects such as invasive edema and disseminated ecchymosis

are present during human envenonation. The aim of this

work was to characterize the in vitro effects of crude

P. l. hutmanni venom, and its fractions, on platelet aggre-

gation triggered by two physiologic agonists: thrombin and

collagen. The effects of thrombin and collagen were ob-

served on a platelet-rich plasma (PRP) solution

(3 · 105 platelets/lL) using serial dilutions of P. l. hut-

manni venom (0.625–40 lg). The crude venom was frac-

tionated by anionic exchange chromatography and two

peaks obtained. Crude venom and both fractions were

highly inhibitory on platelet aggregation mediated by the

two agonists. The anti-aggregating dose (AD50) for both

agonists was determined. PRP collagen-triggered aggre-

gation was most inhibited by the crude venom

(AD50 = 0.67 lg) when compared with PRP thrombin-

triggered aggregation (AD50 = 4.92 lg). Collagen-induced

aggregation was more intensely inhibited by venom than

thrombin-induced aggregation. In conclusion, to specify

the inhibition mechanisms involved for each of the active

components in the venom from these subspecies, we must

characterize and purify the inhibitors of aggregation from

P. l. hutmanni venom, with the purpose of suggesting new

pharmacological substances to be incorporated into the

therapeutic arsenal to treat hemostatic pathologies related

to high levels of platelet aggregation.
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Introduction

Snakes are the most prodigious source of toxins that could

be useful in human therapeutics. Their venoms are complex

mixtures of polypeptides and proteins that induce a variety

of pharmacological activities that provide a useful tool for

the understanding of many molecular events in normal

physiologic processes [1]. It is well known that venoms

from the Viperidae (Crotalinae) family cause severe phar-

macological effects, such as platelet aggregation dysfunc-

tion [2–6].

The Bothrops and Crotalus genera are responsible for

the highest number of severe human snakebites in Vene-

zuela. Accidents produced by the Lachesis, Porthidium,

Bothriechis, and Bothriopsis genera from the Viperidae

family also occur [7]. However, due to their geographical

location they are poorly documented.

The Porthidium genus is represented by the P. lans-

bergii rozei and P. lansbergii hutmanni subspecies in

Venezuela [7]. The venom components of these have been

little studied, probably due to the low incidence of reported

accidents, although acute and serious local effects such as
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invasive edema and disseminated ecchymosis are present

during envenonation [8–10].

The aim of the present investigation was to describe the

effects of crude Porthidium lansbergii hutmanni (Plh)

venom, and its fractions, on platelet aggregation mediated by

two of the main physiologic ligands: collagen and thrombin.

Materials and methods

Porthidium lansbergii hutmanni venom

A total of 12 mature females and males P. l. hutmanni

snakes were captured in Juan Griego and Porlamar, Mar-

garita Island, Venezuela. The snakes were maintained in

the serpentarium of the Laboratorio de Investigaciones in

the Facultad de Farmacia of the Universidad Central de

Venezuela. Venom extractions took place every four -

weeks. The extracted venom was pooled and dehydrated in

vacuum desiccators, maintained with calcium chloride at

4�C until total crystallization.

Blood samples

Blood samples were collected in plastic tubes with 3.8%

sodium citrate (1:10 citrate/blood) from healthy donors

who came to the municipal blood bank of Caracas. Patients

were chosen according to the blood bank norms and signed

a consent form.

Platelet-rich plasma

Platelet-rich plasma (PRP) was obtained by centrifugation

(90–120g for 15 min) of blood samples using a Sorval

RC3 centrifuge. The PRP fractions were carefully collected

and pooled in a clean dry silicon-coated tube.

Platelet-poor plasma

The pellet (cellular body) obtained from PRP after centri-

fugation was recentrifuged at 3,000 rpm for 10 min, and

the cell-free plasma was dissolved in cold 9% saline

(pH 7.4), collected and identified as platelet-poor plasma

(PPP).

PRP quantification and final platelet concentration

adjustment

The quantification of the pooled PRP platelets was carried

out using a Coulter model T-890. The final PRP concen-

tration was adjusted to 3 · 108 platelets/mL by diluting

with previously pooled PPP.

Effects of crude Porthidium lansbergii hutmanni

venom and its fractions on platelet aggregation

An aggregometer (CHRONOLOG, USA) at 37�C was used

for the determination of the effects of snake venom on

platelet aggregation mediated by two agonists: thrombin at

(5 lL: [0.15 U/560 lL], SIGMA, USA) and collagen

(3 lL: [2 lM/563 lL], HORM, USA).

The interpretation of the responses was semiquantita-

tive, using as reference the dose-response graphs obtained

without venom samples (n = 3). Each test cell contained

440 lL of PRP (3 · 108 cells/ mL), 50 lL at several (1.25,

2.5, 5.0, 10.0, 20.0, and 40.0 lg/lL) CVPlh dilutions,

suspended in PBS, and a volume of agonist (colla-

gen = 8 lg/553 lL and thrombin = 15 U/565 lL) to a

specified final concentration. The control consisted of

50 lL of PBS without venom sample.

Tests were performed in a silicon-coated aggregometer

cell as follows. To 440 lL (3 · 108 cells/mL) of PRP,

venom sample solution (1.25, 2.5, 5.0, 10.0, 20.0, and

40.0 lg/lL) was added and allowed to stand for 60 s.

Immediately after, the selected agonist was added to trigger

the reaction. The aggregation curve was measured for

5 min. Changes in platelet aggregation were determined by

comparing the different samples of venom against the

controls. The graph scale was calibrated by using the

control average to represent 100% platelet aggregation.

Partial purification of crude venom by ion exchange

chromatography

CVPlh was fractionated by ion exchange chromatography

using a Biologic (Biorad, USA) work station in an anionic

exchange Mono-Q1 (Biorad, USA) column. The mobile

phase consisted of a solution of 50 mM Tris–HCl, pH 8.3

with 0.5 M KCl and another without 0.5 M KCl, to create

the saline gradient. One milliliter (20 mg/mL) solution of

crystallized CVPlh dissolved in 50 mM Tris–HCl, pH 8.3

buffer solutions was processed each time. After applying

the sample, the first peak was allowed to elute with the

non-saline buffer. The potassium chloride gradient was

applied up to 0.5 M to complete elution. Both peaks were

dialyzed in distilled water for 48 h at 4�C using a 2 kDa

cut-off membrane (Sigma, USA). The peaks were lyophi-

lized and stored at 4�C until use.

Sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE)

SDS-PAGE was carried out according to the Laemmli

method [11] using a MINI-PROTEAN II (BioRad, USA)

chamber. A 12.5% gel under non-reducing conditions was
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used. Molecular-weight markers (Bio-Rad) were run in

parallel and gels stained with Commassie blue R-250.

Determination of protein concentration

Protein concentrations of tested venoms by the Lowry

method [12] were measured using bovine serum albumin as

standard protein.

Results

CVPlh effect on the platelet aggregation in vitro

CVPlh presented a clear (dose-dependent) inhibitory

capacity of platelet aggregation on PRP for all tested ag-

onists. Table 1 shows the anti-aggregation dose 50 (AD50)

of CVPlh, which is defined as the quantity of venom (lg)

that was able to reduce by 50% the amplitude of the

aggregation measurement compared with the control

(100%) during the 5 min after the mediator’s addition.

Each of the obtained registers, either controls or in the

presence of the venom samples, showed particular char-

acteristics depending on the agonist used.

The CVPlh AD50 value is calculated based on the

control measurement (0.0043 lg) and corresponds to the

lowest inhibitory dose compared to that obtained with the

other agonists. This value is presented as a theoretical

performance indicator because in practice it was only

possible to reach a minimum of 84% inhibition, with the

lowest doses of Plh. The measurement of the PRP mediated

by 3 lL collagen (2 lM/563 lL) aggregation in the pres-

ence or absence of CVPlh is shown in Fig. 1. The CVPlh

showed a clear (dose-dependent) inhibition of platelet

aggregation mediated by collagen, which was directly

proportional to the dose from 0.625 lg (47.9 ± 27.7%) to

total inhibition with 10 lg, in all cases.

The measurement of the PRP mediated by 15 lL

thrombin (0.15 U/560 lL) aggregation in the presence or

absence of CVPlh is shown in Fig. 2. The AD50 CVPlh

value calculated from the baseline control was 4.92 lg.

Ionic interchange chromatography

Figure 3 showed two well-defined Plh venom peaks ob-

tained with a Mono-Q1 (Biorad, USA) chromatography

column. Peak I eluted before the saline gradient initiated,

while peak II eluted during the saline gradient phase.

The total elution volume from each peak was measured,

and the total sample recovery was based on the optical

density readings at 280 nm (1 absorbance unit is equivalent

to 1 mg/mL of total protein). The approximate protein

recovery was 45 mg (45%) for peak I and 42 mg (42%) for

peak II, with respect to the total amount of CVPlh origi-

nally processed (approximately 106 mg). Each peak was

then immediately dialyzed, lyophilized, and stored at 4�C

until its use.

Electrophoretic profiles of CVPlh and peaks I and II

Figure 4 showed the electrophoretic elution profiles of

CVPlh and both peaks obtained by ion interchange chro-

matography. CVPlh showed 14 molecular-weight (MW)

bands from 7.6 to 206 kDa. Peak I showed 15 bands, lo-

cated in the same range of MW as CVPlh, without the 37.4

and 7.6 kDa bands seen in CVPlh. Peak II showed a smaller

number of bands (nine) with molecular weights ranging

from 7.6 to 79 kDa. The 37.4 and 7.6 kDa bands absent in

peak I were clearly observed in peak II. Additionally, a

group of six common bands were observed in both peaks.

Determination of the protein concentration of CVPlh,

and peaks I and II

CVPlh presented 90% protein with respect to the total

weight of crystallized venom. In contrast, peaks I and II

had 71.3% and 72.0% proteins, respectively.

The effects of peaks I and II on platelet aggregation

mediated by thrombin and collagen

Once it was determined that the agonist with greatest

sensitivity to the inhibitory activity of CVPlh was

Table 1 Anti-aggregation dose 50 (AD50) of crude P. l. hutmanni venom and peak I and II fractions

Species AD50 Mechanism References

Vipera russelli – – Kini et al. [13]

Echis carinatus 13.8 lg/mL PLA2–acid enzymatic Kemparaju et al. [14]

Heloderma horridum 8 lg/mL PLA2–acid Huang and Chiang [15]

Pseudechis papuanus – Vt (PLA2) Kamiguti et al. [16]

Crude venom Plh 0.0043 lg ND –

Peak I/mono-Q1 Plh venom 3.2 lg ND –

Peak II/mono-Q1 Plh venom 0.0130 lg ND –
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collagen, which showed the lowest AD50 value, the AD50

values from peaks I and II were estimated. Thrombin

inhibitory effects were only proven with a single sample of

each peak.

Figure 5A shows the effect of peak I/mono-Q1 Plh

venom on platelet aggregation mediated by the collagen (3 l

[2 M]/563 l). The effect of the peak I/mono-Q1 Plh venom

at a dose of 40 lg was complete inhibition of aggregation,

observed as a change in shape, returning the measurements

to their baseline level after 5 min of the assay. The dose of

0.625 lg, equivalent to the DA50 CVPlh in the presence of

this mediator, produced a total lack of inhibition, with

equivalent measurements to the control curves.

Figure 5B shows measurements of platelet aggregation

mediated by collagen in the presence of the pre-incubated

PRP with the peak II/mono-Q1 Plh venom. The curves do

not show differences in the double-wave knee feature, with

a continuous slope until the beginning of the stabilization

of the measurement. The effect of the peak II/mono-Q1 Plh

venom at a dose of 40 lg was complete inhibition of

aggregation. When adding the aliquot of peak II/mono-Q1

Plh venom to the PRP with agitation, changes (measured as

an increase in the turbidity reading) in the baseline mea-

surements, which continued during the minute of incuba-

tion and then stabilized, were observed. Once the agonists

were added, the measurement remained stable until the end

of the 5 min assay. In contrast, the aliquots that contained a

weight equivalent to the peak II DA50 CVPlh value did not

inhibit aggregation mediated by collagen.

Figure 6A shows the effect on platelet aggregation

produced by the peak I/mono-Q1 Plh venom and thrombin.

The curves for aggregation mediated by thrombin (0.15 U)

Fig. 1 Curves of platelet

aggregation mediated by

collagen (8 lg/553 lL) and

inhibited by crude

P. l. hutmanni venom: (1)

baseline, (2) venom sample,

(3) agonist

Fig. 2 Curves of platelet

aggregation mediated by

thrombin (15 U/565 lL) and

inhibited by crude

P. l. hutmanni venom: (1)

baseline, (2) venom sample,

(3) agonist

J Thromb Thrombolysis

123



were characterized by an immediate drop immediate after

adding the mediator, reaching a minimum after approxi-

mately 1 min. In general, their characteristics were similar

to those described above.

Figure 6B shows the effect on platelet aggregation

produced by the peak II/mono-Q1 Plh venom and thrombin

(0.15 U/565 lL). Incubating 40 lg of peak II/mono-Q1

Plh venom with PRP, a clear inhibition of aggregation was

observed (95.7%). Once the agonist doses were added at

the end of the minute of preincubation, the measurements

showed a turbidity increase, corresponding to the form-

change phase, which continued until the beginning of the

first wave feature; another feature in the turbidity reading

(a small peak) was then observed before a final decrease,

reaching a constant slope at the end of the 5 min assay.

However, the aliquot that contained the weight equiva-

lent of peak II at the DA50 CVPlh (5 lg) value showed

some degree of aggregation inhibition (24.8 ± 11.1%)

mediated by thrombin. The effect of the peak I/mono-Q1

Plh venom at a dose of 40 lg was complete aggregation

inhibition, observed as a very slow change in shape,

returning the measurements to their baseline level after

5 min of the assay. The 0.625 lg dose, equivalent to the

DA50 of CVPlh in the presence of this mediator, produced

Fig. 3 CVPlh elution profile obtained by ion exchange chromatography on a Mono-Q1 (Biorad) column, using Tris-HCl (50 mm) pH 8.3 with a

saline gradient of KCl (0–0.5 M)

Fig. 4 SDS-PAGE of crude P. l. hutmanni venom and peaks I and II

from ion exchange chromatography under non-reducing conditions
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a total lack of inhibition, with equivalent measurements to

the control curves.

Discussion

The values and comparisons between time scales and

measurements described are qualitative descriptions to

indicate the presence of an observed phenomenon.

The impact of snake venoms on the hemostatic system

and their ability to alter platelet functions is well known

[17]. For instance, snake venoms are an excellent source of

phospholipases and envenonation by a variety of snakes

leads to platelet aggregation inhibition, resulting in hem-

orrhagic disorders [18]. A number of these enzymes have

been isolated and shown to be potent inhibitors of platelet

aggregation [13, 14, 19]. However, the molecular basis for

these inhibitory effects has remained imprecise. There are

other snake venom proteins, such as disintegrins, ADpases

and fibrinogenases, which inhibit platelet aggregation via

clearly defined mechanisms.

In contrast, collagen leads to platelet activation and

aggregation through GPIIb/IIIa cell surface exposure, alpha

granules, release of dense bodies and thromboxane syn-

thesis [20]. Another agonist is thrombin, regarded as one of

the strongest platelet aggregation agonists [21, 22], which

acts through enzymatic activity on fibrinogen and other

platelet surface receptors [22]. In the current work, the

effects of CVPlh and peaks I and II on platelet aggregation

(PRP) mediated by both collagen and thrombin agonists

showed a clear inhibition of platelet function. This activity

can be explained: (1) by means of blocking of the receptor

by the venom or modification of their structural confor-

mation, and (2) by means of the interaction of the venom

with the mediator linked to this receptor or its structural

modification. CVPlh inhibited in a dose-dependent way

platelet aggregation mediated by collagen at all the tested

doses, with higher efficiency for this agonist than for

thrombin. We can classify this response as single phase

[16], characterized by the clear decrease in the width of the

first wave and the total inhibition of the second aggregation

wave during the tested time period.

Fig. 5 Curves of platelet

aggregation mediated by

collagen (8 lg/553 lL) and

inhibited by peaks I (A) and II

(B) from crude P. l. hutmanni
venom: (1) baseline, (2) venom

sample, (3) agonist

Fig. 6 Curves for platelet

aggregation mediated by

thrombin (15 U/565 lL) and

inhibited by peaks I (A) and II

(B) from crude P. l. hutmanni
venom
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Here, it was showed that the inhibitory effect of CVPlh

and peaks I and II of the Plh venom on platelet aggregation

mediated by collagen proceeds as other authors [19] have

previously reported for proteins (5́-nucleotidase) isolated

from another snake venoms. CVPlh also produces intense

local hemorrhages caused by the metalloproteases present

in this venom [23], such as that reported by Uma and

Veerabasappa [24] for the Zn2+-dependent metaloprotease

participation, which causes profuse hemorrhages in the

event of Viperidae snake envenonation, due to the syner-

getic effect of the inhibition of platelet aggregation and the

degradation of basal membrane components.

Moreover, CVPlh is highly myotoxic and rich in phos-

pholipases [23]. Among these enzymes could be one

responsible for the inhibition of platelet aggregation med-

iated by collagen, for instance phospholipase A2 from

Agkistrodon rhodostoma snake venom [6], which has been

described as being able to inhibit platelet aggregation in

PRP mediated by collagen.

Experiments in our laboratory (work in process) have

showed that CVPlh impedes the agonistic activity of ADP

on platelet aggregation mediated by collagen. Ouyang and

Huang [25] reported the inhibitory effect of an ADPase

from Agkistrodon acutus snake venom on platelet aggre-

gation mediated by collagen on PRP. Others [26] have

identified platelet aggregation on PRP mediated by colla-

gen-inhibitory protein purified from B. atrox, B. jararaca,

and Agkistrodon halys blomhoffii South American snake

venoms belonging to the Viperidae family, the same family

as P. l. hutmanni.

Discussing the effects on platelet aggregation mediated

by thrombin, some authors [25] have reported the inhibi-

tory effect of two fibrinogenases (fraction I and IX) from

the Agkistrodon acutus snake venom on platelet aggrega-

tion mediated by thrombin on PRP. CVPlh and its fractions

inhibit platelet aggregation mediated by thrombin on PRP

in a dose-dependent way. Other authors [6] have referred a

protein in the venom of the Malaysian snake Agkistrodon

rhodostoma that is able to inhibit platelet aggregation

mediated by thrombin on PRP.

Fuly et al. [5] described the isolation of a PLA2 from the

venom of the Brazilian snake Lachesis muta (LM-PLA2),

which discreetly inhibited the platelet aggregation medi-

ated by thrombin, in washed platelets treated with lys-

ophosphatidylcholine from phosphatidylcholine incubated

with LM-PLA2. As explained above CVPlh is myotoxic

and rich in phospholipases [23]. Some of these enzymes

could account for the inhibition of platelet aggregation

mediated by thrombin.

Another possibility is the discovery of disintegrins in

P. l. hutmanni venom since many of these have been

isolated from Viperidae venom [27]. For instance, Liu

et al. [28] describe the inhibitory effect of a disintegrin

(crotavirin), isolated from Crotalus viridis snake venom,

which inhibited platelet aggregation mediated by thrombin.

The results of this study indicate for the first time that

Plh venom possesses potent inhibitors of platelet aggre-

gation evaluated using in vitro assays. The CVPlh pos-

sesses, at least, two inhibitors of platelet aggregation with

opposed charges to the fixed working pH (pH 8.3) during

the first step of separation of its components by anionic

exchange chromatography (peaks I and II/mono-Q1 Plh

venom) with positive and negative charges, respectively.

The inhibitory power of CVPlh is therefore a consequence

of the synergetic effect of the action of the inhibitors

present in peaks I and II/mono-Q1 of the Plh venom. The

pro-aggregating effect most strongly inhibited by CVPlh

was mediated by the collagen, followed by the thrombin.

Characterization of CVPlh and peaks I and II/mono-Q1

is in progress, with the purpose of demonstrating the

presence of enzymes that may be responsible for the

inhibition of platelet aggregation. These may be valuable

anti-thrombotic agents and potential pharmacological

substances to treat hemostatic pathologies related to high

levels of platelet aggregation.
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