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Abstract

Introduction: Failure to obtain complete blood clotting in serum is a common laboratory problem. Our aim was to determine whether snake proth-
rombin activators are effective in clotting blood and producing quality serum for analyte measurement in anticoagulated patients. 
Materials and methods: Whole blood clotting was studied in a total of 64 blood samples (41 controls, 20 Warfarin patients, 3 anticoagulated pa-
tients using snake venom prothrombin activator (OsPA)) with plain tubes. Coagulation was analysed using a visual assay, Hyland-Clotek and throm-
boelastography. Healthy control blood was spiked with a range of anticoagulants to determine the effectiveness of OsPa-induced clotting. A paired 
analysis of a Dabigatran patient and a control investigated the effectiveness of the OsPA clotting tubes. Biochemical analytes (N = 31) were determi-
ned for 7 samples on chemistry and immunoassay analysers and compared with commercial tubes. 
Results: Snake venom prothrombin activators efficiently coagulated blood and plasma spiked with heparin and commonly used anticoagulants. 
Clotting was observed in the presence of anticoagulants whereas no clotting was observed in BDRST tubes containing 3 U/mL of heparin. Snake ve-
nom prothrombin activator enhanced heparinised blood clotting by shortening substantially the clotting time and improving significantly the stren-
gth of the clot. Comparison of 31 analytes from the blood of five healthy and two anticoagulated participants gave very good agreement between 
the analyte concentrations determined.
Conclusions: Our results showed that the snake venom prothrombin activators OsPA and PtPA efficiently coagulated recalcified and fresh bloods 
with or without added anticoagulants. These procoagulants produced high quality serum for accurate analyte measurement.
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Introduction

The presence of prothrombin activators (PA) in the 
venoms of snakes, including O. scutellatus (Austral-
ian coastal taipan, OsPA) and P. textilis (eastern 
brown snake, PtPA) causes rapid coagulation of 
blood (1,2). These prothrombin activators do not 
require clotting co-factors such as calcium and 
phospholipids which are required by the mamma-
lian prothrombinase complex (3,4). In a recent re-
port we demonstrated that OsPA, had strong co-
agulation activity in clotting fresh whole blood 

and also recalcified citrated whole blood from nor-
mal patients (5). We demonstrated that the mech-
anism of action involved rapid and sustained gen-
eration of large amounts of thrombin, followed by 
the efficient conversion of fibrinogen to fibrin for 
complete and stable clotting. In that study we also 
showed that the quality of the serum produced 
was appropriate for standard analyte determina-
tions carried out in pathology laboratories. Com-
parison between OsPA-containing tubes and com-
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mercial tubes showed that the values for analyte 
concentrations were in excellent agreement for up 
to seven days storage. While efficient clotting and 
high quality analyte determination was achieved 
under these conditions with normal individuals, 
the efficacy of OsPA in clotting blood in the pres-
ence of anticoagulants or from patients on anti-
coagulation therapy presents a further challenge 
for preparation of quality serum in a diagnostic 
setting.

The anticoagulant most commonly used in cardi-
ac, renal dialysis and liver disease patients is hepa-
rin which functions by forming a complex with an-
tithrombin that normally binds tightly to thrombin 
to inhibit blood clotting and thus interfere with 
the ability to prepare serum samples and conse-
quently with the accuracy of blood diagnosis (6-8). 
As an approach to addressing this problem, throm-
bin-containing rapid serum tubes were first intro-
duced in the US and EU markets by Becton Dickin-
son (BDRST) to speed up the clotting process in 
order to hasten urgent analyte testing (thrombin 
based tubes having being previously launched in 
Japan). The correlation between analyte determi-
nation in serum prepared in these tubes and plain 
tubes was generally good although there were 
some differences (9). A more recent evaluation 
showed that results for renal, liver, cardiac, thyroid, 
and prostate biochemical markers were compara-
ble between RSTs and SSTs (BD advanced tube 
containing silica clot activator). However, analyte 
stability on serum storage at 4 °C showed some 
deterioration for bicarbonate, electrolytes and al-
bumin over a period of four days in thrombin-con-
taining tubes (10). While the RST tube provides a 
suitable alternative to lithium heparin plasma 
tubes for most patients, latent clotting continued 
to occur in samples collected from patients on 
high concentrations of anticoagulants (8). The 
manufacturer does not recommend BDRST tubes 
for heparinised blood. More recently Greiner Bio-
One (GBO) has produced a fast clotting tube (BCA 
Fast Clot; GBOFC) which also contains thrombin as 
well as a clot activator (11). Overall, equivalent re-
sults to those obtained with the BDRST tube were 
observed for the GBOFC tubes (12). Thus, the aim 
here is to determine whether snake venom pro-

thrombin activators (OsPA and PtPA) are effective 
in clotting blood and producing high quality se-
rum for accurate analyte measurement in the pres-
ence of anticoagulants.

Materials and methods

Subjects and study design

This study was designed to determine the effec-
tiveness of OsPA and PtPA in clotting human blood 
with or without anticoagulants to produce high 
quality serum for accurate analyte measurement. 
The snake venoms were collected under a Nation-
al Parks and Wildlife permit W4/0026/01/SAA and 
supplied by Venom Supplies (Tanunda, SA, Austra-
lia). The OsPA was purified from snake O. scutella-
tus venom while PtPA was purified from snake P. 
textilis venom (1,13). Both prothrombin activators 
were stored as described previously (1,13). O. scu-
tellatus venom prothrombin activator concentra-
tions at 0.03125 to 2 µg/tube were used for plasma 
clotting assays and at 1-10 µg/tube for blood clot-
ting assays. A total of 500 blood collection tubes 
with different concentrations of OsPA were pre-
pared for investigating the effectiveness of OsPA 
in clotting recalcified citrated and fresh human 
blood. Citrated whole human blood either from 
the Australian Red Cross Blood Service (ARCBS), 
Brisbane or the Princess Alexandra Hospital (PAH) 
Blood Bank was added to OsPA-containing tubes 
and clotting time was observed visually in samples 
containing recalcified citrated whole blood and 
blood samples spiked with different anticoagu-
lants. In order to determine the physical properties 
of the clot, thromboelastography (TEG) was per-
formed for blood sample clotting in both OsPA-
containing tubes and BDRST tubes. In addition, to 
investigate this in a clinical scenario, fresh blood 
samples from 35 healthy participants and 20 pa-
tients on warfarin treatment (international nor-
malised ratio range (INR) 1.0-3.6) were recruited. 
Two healthy participants with INR 1.0-1.1 and two 
warfarin patients with INR of 2.5 and 4.7 were also 
recruited for plasma clotting assays by visual ob-
servation and TEG. In addition, 1 patient on Dabi-
gatran therapy (110 mg/per tablet twice a day), 6h 
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post-treatment and one healthy participant were 
recruited for fresh whole blood clotting assays 
(Supplementary table 1). Biochemical analytes in 
serum produced in OsPA- and PtPA-containing 
tubes were determined in seven participants (5 
healthy and 2 anticoagulated participants) on 
chemistry immunoassay analysers and compared 
with two commercial GBO tubes (Rapid serum 
(Serum/GBO) and Plasma/Heparin tubes). The 
flowchart of the study design is shown in Figure 1. 

Human research ethics approval for this study us-
ing purified snake venom fractions was obtained 
from Metro South Human Research Ethics Com-
mittee and The University of Queensland Human 
Ethics Committee: HREC Reference number: 
HREC/08/QPAH/005. The project was carried out in 
compliance with the World Medical Association 
Declaration of Helsinki regarding the ethical con-
duct of research on human subjects. All subjects 
participated in study signed informed consent.

Figure 1. Flow chart of normal and anticoagulated blood processing to assess quality serum. RT – room temperature. R -reaction 
time. MA – maximal amplitude.

Tube preparations for visual recalcified 
citrated whole blood clotting and biochemical 
analytes assay

Greiner Bio One (Kremsmunster, Austria) ‘no addi-
tive’ white top plain blood collection tubes with-
out separator were coated with 20 µL of hydro-
philic surfactant (2.41 g/L) (Dow Corning, Freeland, 
MI, USA) before use and employed throughout the 
study and called GBO White Top tubes. For the 
GBO White Top tubes designated “wet”, an aliquot 

of OsPA working solution in Hepes buffer was add-
ed prior to the blood sample for clotting assays as 
quality controls of OsPA activity in all experiments. 
For the GBO White Top tubes designated “dried”, 
aliquots for OsPA solution in tubes were dried at 
25-30°C using a Genevac (SP Scientific, UK) vacu-
um drier for 30 min to make dried OsPA-contain-
ing tubes that mimic commercial blood collection 
tubes used in experiments. A total of 500 dried 
OsPA–containing tubes were prepared, which 
were divided into five groups based on the OsPA 

Data collected and analysed Data collected and analysed Data collected and analysed

Measure time for firm clot (sec),
Centrifuge t = 10 min
Separate serum; check for re-clotting,
Haemolysis, fibrin particles
Measure serum quantity
Measure analytes (N = 31)
Photograph record for serum quality

Measure time for firm clot (s),
Centrifuge t = 10 min
Separate serum; check for re-clotting, haemolysis etc.
Measure serum quantity (height in mm)
Photograph record for serum quality

Measure TEG parameters
R-time and MA value

Add 4 or 5 mL blood:
Visual clotting assay at RT Add 4 or 5 mL citrated blood with

and without anticoagulant
Added 50 μL of 1 M CaCl2
Visual clotting assay at RT

TEG-ACP blood -340 μL
+ 20 μL 0.2 M Ca2+

Measured at 37 °C

BLOOD TUBES USED BLOOD TUBES USED

RED CROSS ACP BLOODFRESH NORMAL/PATIENT BLOOD SAMPLES

THROMBOELASTOGRAPHY (TEG)
Commercial or OsPA formulationCommercial or OsPA formulation in plain tubes

1. Normal = 35 : Warfarin patients = 20
2. Normal = 1 : Dabigatran patient = 1
3. Normal = 5 : Heparin-cardiac surgery patients = 2

Informed consent-
Phlebotomy

(single donor: ~500 mL fresh blood)
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concentration at 1, 2, 3, 5 and 10 µg OsPA/tube 
prepared for different experiments. Thirty PtPA–
containing tubes at 1 µg PtPA/tube were also pre-
pared for the biochemical analyte measurement 
experiments. The dried OsPA- and Pt-PA-contain-
ing tubes were sealed with laboratory wrap and 
kept at room temperature for 30-90 days under 
low vacuum with a drying agent in a desiccator. 
Becton Dickinson (BD) red top no additive plain 
blood collection tubes (BD, Franklin Lakes, USA), 
BD rapid serum tubes (BD, Franklin Lakes, USA), 
were used as  controls for both visual clotting as-
says and TEG. In addition, both GBO lithium hepa-
rin plasma tube (GBO plasma/heparin, Kremsmun-
ster, Austria) and GBO serum tube (serum/GBO, 
Kremsmunster, Austria) were used for biochemical 
analyte determination experiments without addi-
tion of prothrombin activator. 

Comparison of blood clotting activity 
between OsPA and BDRST

Visual blood clotting assays were also carried out 
to compare the activity of OsPA-containing tubes 
with that of BDRST tubes in clotting whole blood 
samples with or without four anticoagulants in-
cluding heparin, warfarin, Rivaroxaban and Dabi-
gatran at different doses in duplicate. In parallel, 
TEG assays were carried out to compare the activi-
ty of OsPA-containing tubes with BDRST tubes in 
clotting whole blood samples containing heparin 
and warfarin.

Chemical agents

Anticoagulants including DBLTM heparin sodium 
(5000 IU/mL, Hosprira, Melbourne, Australia), Fon-
daparinux (heparin analog ArixtraTM, Sanofisyn-
thelabo, Australia), Low Molecular Weight Heparin 
(ClexaneTM, Aventis, Australia), Rivaroxaban (Xarel-
toTM, Bayer, Australia) and Dabigatran etexilate 
Pradaxa, Boerhinger Ingelheim, Germany) were 
used in  experiments. DBLTM heparin sodium was 
at 5000 IU/mL solution for directly preparing hep-
arinized blood. Fondaparinux (ArixtraTM) at 1.5 
mg/0.3 mL solution for injection in a pre-filled sy-
ringe and Clexane at 80 mg/0.8 mL solution (anti-
Xa: 8000 IU) were directly used for spiking blood. 

Rivaroxaban (XareltoTM 20 mg/tablet) was extract-
ed from the tablets by dissolving in dimethyl sul-
foxide (DMSO) at a stock concentration of 10 mg/
mL. The thrombin inhibitor, Dabigatran etexilate 
(PradaxaTM) 110mg/tablet used in experiments 
was dissolved in high performance liquid chroma-
tography (HPLC) grade methanol to prepare a 
stock solution at 1 mg/mL according to a previous-
ly published method to prepare the active metab-
olite from the pro-drug Dabigatran using com-
mercial tablets (14,15). Both Rivaroxaban and Dabi-
gatran etexilate stock solutions were used for spik-
ing blood at different concentrations based on the 
requirements in the experiments. 

Other chemical reagentsused for the study were 
S-2238 substrate from Werfen (Artarmon, Austra-
lia) and purified human prothrombin from United 
Bioresearch (Dural, Australia). DBLTM Heparin sodi-
um was from Hospira (Melbourne, Australia). Hu-
man thrombin and p-nitro aniline were from Sig-
ma (Aldrich, USA). 

Blood sampling and anticoagulants-spiked 
blood sample preparation

Citrated whole human blood from either ARCBS or 
PAH was used for spiking with five anticoagulants 
including heparin, Rivaroxaban, Arixtra, Clexane 
and Dabigatran for determining OsPA clotting ac-
tivity, respectively. The citrated whole blood  was 
aliquoted into a set of 50 mL polypropylene coni-
cal tubes (Falcon A corning Brand, Tamawipas, 
Mexico) with each tube containing 30 mL of blood 
spiked with DBLTM heparin sodium at 0, 1, 2, 3, 4, 5, 
10 and 20 U/per mL blood dependent on the ex-
perimental requirements. The citrated whole 
blood was also aliquoted into four sets of 50 mL 
polypropylene conical tubes labeled as Sets A, B, C 
and D, with individual tubes containing 30 mL of 
blood. Set A contained seven tubes spiked with Ri-
varoxaban at 0, 5, 10, 25, 50, 100 and 200 µg/mL 
blood. Set B contained 10 tubes spiked with Arix-
traTM 0, 0.1, 0.2, 0.5, 0.75, 1, 2, 3, 4 and 5 µg/mL of 
blood. Set C contained six tubes spiked with Dabi-
gatrin etexilate metabolite at 0, 50, 100, 200, 400 
and 600 ng/mL blood and set D contained eleven 
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tubes spiked with Clexane at 0, 0.25, 0.5, 1, 2, 4, 6, 
8, 10, 15 and 20 U/mL blood.

Blood samples from controls and patients were 
processed in the same way (Figure 1). Fresh whole 
human blood was collected from volunteers in-
cluding healthy participants, patients on Warfarin 
and Dabigatran treatments, with each volunteer 
providing 8 mL of fresh blood, which was aliquot-
ed into two tubes, one OsPA containing tube (1 µg 
OsPA/tube) and the second tube as a control for 
visually testing OsPA clotting effectiveness. The 
bloods from healthy participants added into OsPA-
containing tubes were labelled as N+OsPA and 
non-OsPA tube as N-OsPA, while those from war-
farin patients were added into OsPA-containing 
tubes as W+OsPA. 

Citrated plasma preparation, heparin spiking 
and plasma clotting assay

Citrated blood (3.2% trisodium citrate) obtained 
from ARCBS was centrifuged at 1500xg for 10 min-
utes in a refrigerated centrifuge. After centrifuga-
tion, citrated plasma was collected into a plastic 
screw-cap vial. The citrated plasma was spiked 
with DBLTM Heparin sodium at 0, 1, 2 and 4 U/per 
mL plasma and used for determining the clotting 
activity of OsPA. The clotting assay for the citrated 
plasma spiked with or without heparin in the pres-
ence of OsPA was performed using a Hyland-
Clotek instrument that measures clotting using a 
magnetically suspended sphere as described in 
our recently published paper (5). The control clot-
ting time for the recalcified citrated plasma was 
approxiemately 400 seconds (s).

INR values from patients on Warfarin treatment 
participating in the study were determined prior 
to sampling at PAH Pathology using an ACL TOP 
500 instrument (Werfen, Artarmon, Australia). In-
ternational normalised ratio R represents the ratio 
of PT for a warfarinised patient compared to a nor-
mal range of prothrombin time (PT) values. In ad-
dition, both PT and activated partial thromboplas-
tin time (aPTT) of a Dabigatran patient and a 
healthy plasma were determined according to a 
previously published method (16) (Supplementary 
figure 1).

Visual recalcified citrated whole blood 
clotting assay

Clotting of whole blood samples with or without 
anticoagulants such as Heparin, Rivaroxaban, Arix-
tra, Clexane, Warfarin and Dabigatran was visually 
determined in blood collection tubes including 
OsPA-containing tubes. BDRST, GBO plasma/hepa-
rin, serum/GBO and GBO Vacuette® red top blood 
collection tubes (Kremsmunster, Austria) were 
used as controls for visual blood clotting assays 
based on experimental requirements. To each 
tube, 50 µL of 1 M CaCl2 was added, followed by 
3.95 mL of citrated normal whole blood; the timer 
was initiated on the addition of the blood which 
took 10-15 s. Tubes were recapped immediately af-
ter the timer was started and gently tilted every 15 
s. Clotting times were estimated visually and re-
corded when clotting was first observed and when 
a rigid clot formed. All the blood clotting assays 
were carried out in duplicate in individual experi-
ments. The clotting times of the recalcified citrat-
ed whole blood in both GBO and BD plain tubes in 
the absence of OsPA were recorded as controls in 
individual experiments. After the blood clotting in 
OsPA containing tubes was complete, or at 30-70 
min for the tubes containing the blood spiked 
with high concentrations of different anticoagu-
lants, they were centrifuged at 1500xg for 10 min. 
All the tubes were kept at room temperature for 
18 h and then inverted to check for reclotting and 
then photographed. 

Thromboelastographic analysis

Thromboelastography was carried out in parallel 
to determine the physical properties of the blood 
clot generated in the OsPA-containing tube, com-
pared with the BDRST tube in individual blood 
samples with or without heparin. The TEG assay 
was performed on TEG® Haemostasis Analyser 
5000 series (Haemscope Corporation, USA) ac-
cording to the manufacturer’s instructions. Both 
clotting reaction time (s) and clot strength (MA 
value, mm) for each blood sample were recorded 
during blood coagulation. This technology is the 
only way to determine clotting parameters for re-
calcified whole blood.
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Biochemical analyte determination

Fresh whole blood samples collected respectively 
from seven participants (5 healthy and 2 anticoag-
ulated participants) in syringes were aliquoted 
into four types of tubes: 1) GBO Plasma/Heparin 
tube, 2) Serum/GBO tube, 3) GBO plain tube con-
taining OsPA (Serum/OsPA) and 4) GBO plain tube 
containing PtPA (Serum/PtPA). Serum/OsPA and 
Serum/PtPA tubes did not contain any additives or 
gel barrier. While the bloods from all the partici-
pants were not clotted at all in Plasma/Heparin 
tube, they formed rigid clots in Serum/GBO, Se-
rum/OsPA and Serum/PtPA tubes within five min-

utes to produce high quality serum and obtain 
faster turn-around-times (TAT). Thus, both plasma 
and sera prepared from all the four tube types by 
centrifugation at 1500xg for 10 min were used to 
determine the concentrations of 31 standard bio-
chemical analytes in a diagnostic setting (Table 1).
To minimise cellular impact on serum/plasma ana-
lytes, 200 µL of serum or plasma samples were im-
mediately transferred into separate tubes and 
stored at – 20°C before analyte determination. All 
analyte determinations were performed on the 
Beckman DxC800 general chemistry and DxI800 
immunoassay analysers (Beckman Coulter, Brea, 
USA) (6).

Table 1. Analyte data measured at T0 in plasma and serum generated from four types of blood collection tubes (N = 7) 

Mean differences 
between pairs (%)

Analyte, unit Serum GBO Serum OsPA Serum PtPA Plasma/
Heparin P GBO/

OsPA
GBO/
PtPA

GBO/
Heparin

LCS 
(%)

CAL 
(%)

Sodium, mmol/L 138 
(138-140)

137 
(137-140)

137 
(137-139)

139 
(138-140) 0.091 1.0 0.6 0 2.8 3.0

Potassium, mmol/L 4.3 (4.1-4.6) 4.0 (4.0-4.4) 4.1 (4.1-4.4) 4.0 (3.9-4.2) 0.395 0.1 0.1 4.9 3.3 5.0

Chloride, mmol/L 103 (102-104) 102 (102-104) 102 (101-103) 103 (102-104) 0.348 1.1 1.0 0.0 3.3 5.0

Carbon dioxide, 
mmol/L 25.8 (25.6-30) 25.4 

(25.2-26.5)
25.0 

(24.4-25.6)
26.7 

(25.5-28.0) 0.053 4.1 5.1 0.4 4.8 10.0

Glucose, mmol/L 5.2 (5.2-6.0) 5.2 (5.2-6.2) 5.3 (5.2-6.2) 5.3 (5.3-6.3) 0.348 1.1 0.6 - 1.5 4.4 10.0

Urea mmol/L 4.8 (4.3-6.1) 4.7 (4.3-5.9) 4.9 (4.3-6.0) 4.7 (4.4-6.1) 0.710 2.7 0.5 0.7 5.0 10.0

Creatinine, µmol/L 84 (75-94) 84 (73-93) 82 (71-94) 82 (73-91) 0.868 0.5 1.0 1.7 5.5 10.0

Urate, µmol/L 350 
(290-430)

340 
(290-430)

350 
(290-440)

350 
(29-440) 0.869 1.8 0.4 0.1 3.8 10.0

Total protein, g/L 68 (67-75) 70 (68-77) 69 (68-77) 71 (71-79) 0.061 1.8 - 0.3 - 4.6 3.5 5.0

Albumin, g/L 41 (40-44) 42 (40-45) 42 (40-45) 41 (40-44) 0.682 - 0.1 - 0.3 0 3.2 5.0

Total bilirubin, 
µmol/L 15.7 (14-22) 15 (13-23) 15 (13-24) 14 (12-23) 0.948 1.6 - 0.9 5.2 7.0 10.0

Alkaline 
phosphatase, U/L 64 (62-103) 67 (63-105) 60 (59-108) 61 (60-104) 0.602 - 1.1 0.4 0.4 4.8 10.0

Gamma 
glutamyltransferase, 
U/L

24 (14-29) 24 (15-27) 24 (15-29) 25 (19-28) 0.301 - 2.7 - 2.8 - 14.7 7.3 10.0

Alanine 
transaminase, U/L 35 (21-49) 35 (24-51) 36 (24-50) 34 (23-49) 0.137 - 4.2 1. 3 - 4.4 6.8 10.0

Aspartate 
aminotranferase, U/L 21 (19-28) 21 (21-25) 21 (21-23) 19 (19-21) 0.173 - 1.9 1.9 9.4 6.2 10.0

Lactate 
dehydrogenase, U/L

194 
(166-276)

195 
(164-206)

193 
(172-219)

206 
(164-218) 0.710 0.3 - 3.1 - 2.2 3.7 15.0
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Mean differences 
between pairs (%)

Analyte, unit Serum GBO Serum OsPA Serum PtPA Plasma/
Heparin P GBO/

OsPA
GBO/
PtPA

GBO/
Heparin

LCS 
(%)

CAL 
(%)

Creatinine kinase, 
U/L 72 (64-144) 72 (67-144) 69 (67-145) 83 (66-139) 0.266 - 0.3 - 1.2 - 2.1 3.7 15.0

Calcium, mmol/L 2.39 
(2.30-2.47)

2.35 
(2.29-2.47)

2.38 
(2.29-2.47)

2.37 
(2.28-2.41) 0.093 1.4 0.7 1.2 3.5 5.0

Phosphate, mmol/L 1.20 
(1.19-1.32)

1.21 
(1.18-1.31)

1.22 
(1.17-1.32)

1.13 
(1.10-1.27) 0.088 1.3 - 0.6 4.1 3.8 10.0

Magnesium, mmol/L 0.93 
(0.92-0.99)

0.92 
(0.89-0.97)

0.95 
(0.90-0.97)

0.91 
(0.90-0.97) 0.602 2.6 2.1 1.5 4.4 10.0

Cholesterol, mmol/L 5.1 (4.7-6.3) 5.0 (4.6-6.5) 5.0 (4.9-6.5) 5.0 (4.5-6.5) 0.564 0.1 - 1.2 0.3 3.6 10.0

Triglyceride, mmol/L 1.3 (1.1-3.6) 1.9 (1.5-4.2) 2.0 (1.6-4.2) 1.4 (1.1-3.7) 0.046 - 159 - 69.4 - 1.5 5.3 10.0

High density 
cholesterol, mmol/L

1.19 
(1.16-1.24)

1.18 
(1.17-1.24)

1.15 
(1.14-1.20)

1.24 
(1.20-1.26) 0.064 2.6 4.8 - 1.7 5.2 10.0

Iron, µmol/L 12 (10-23) 13 (11-23) 13 (11-23) 12 (10-22) 0.401 - 1.8 - 1.5 0.6 3.7 10.0

Transferrin, g/L 2.44 
(2.22-2.95)

2.50 
(2.29-2.96)

2.48 
(2.28-3.03)

2.37 
(2.27-2.99) 0.134 - 0.8 - 1.3 - 0.2 4.8 10.0

C-reactive protein, 
µg/L 5.0 (5.0-5.0) 5.1 (5.1-5.1) 5.0 (4.9-5.6) 5.0 (5.0-5.0) 0.923 0 4.8 7.1 8.8 10.0

Cortisol, nmol/L 241 
(193-354)

224 
(164-338)

220 
(177-349)

232 
(188-334) 0.564 3.4 - 0.7 6.3 6.4 15.0

Free thyroxine, 
pmol/L

11.8 
(10.5-13.6)

12.5 
(11.1-15.1)

11.6 
(11.3-14.1)

12.1
 (11.3-14.3) 0.767 - 1.7 - 0.6 - 0.7 6.5 30.0

Thyroid stimulating 
hormone, mU/L

1.58 
(1.49-1.80)

1.60 
(1.46-1.85)

1.60 
(1.48-1.73)

1.62 
(1.49-1.78) 0.362 4.4 6.0 0.2 7.3 15.0

Ferritin, µg/L 52 (47-236) 51 (49-235) 53 (49-229) 54 (53-240) 0.286 0.9 - 0.3 - 3.8 7.2 15.0

Troponin I, µg/L 0.005 
(0.002-0.008)

0.005 
(0.002-0.008)

0.01 
(0.01-0.019)

0.01 
(0.01-0.025) 0.016 - 246 - 343 - 186 8.8 10.0

Serum GBO - serum generated from GBO serum tube. Serum/OsPA - serum generated from GBO plain tube containing OsPA. 
Serum/PtPA - serum generated from GBO plain tube containing PtPA. Plasma/Heparin - plasma prepared from GBO lithium heparin 
(GRLH) plasma tube. LSC (%) - least significant change. CAL (%) - critical allowable limit. Trig in Serum/OsPA and Serum/PtPA was 
significantly higher because OsPA/PtPA were stored in Hepes buffer containing 50% of Glycerol. Analysis was performed on the 
Beckman DxC800 general chemistry and DxI800 immunoassay analysers (Beckman Coulter, Brea, CA, USA) in Chemical Pathology 
plasma prepared from GBO lithium heparin (GRLH) plasma tube (Plasma/Heparin), Pathology Queensland, Princess Alexandra 
Hospital. GBO - Greiner Bio-One. OsPA - prothrombin activator complex from the venom of O. scutellatus. PtPA - prothrombin 
activator complex from the venom of P. textilis. P shows if there is any significant difference of the analytes among the four serum/
plasma samples. P < 0.05 was considered statistically significant.

Table 1. Continued.

Statistical analysis

Blood and plasma clotting data representing pa-
tient and control samples together with numerical 
values including mean and standard deviation are 
included in Figure legends. One way ANOVA une-
qual variance analysis from Excel-2013 software 

(Microsoft Corporation, Redmond, Washington, 
USA) was used for statistical analysis of the clot-
ting times for blood between normal-OsPA blood 
and warfarin-OsPA blood based on a previously 
published study (16). The Fisher exact test was 

https://www.google.com.au/search?rlz=1C2GCEU_enAU838&q=Redmond,+Washington&stick=H4sIAAAAAAAAAOPgE-LQz9U3MCkuM1ECs8xyzcu0tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcWLWIWDUlNy8_NSdBTCE4szMvPSS_LzAJ95V6xYAAAA&sa=X&ved=2ahUKEwiWpLe_-fHiAhXVZSsKHTetAXcQmxMoATAjegQIDhAX
https://www.google.com.au/search?rlz=1C2GCEU_enAU838&q=Redmond,+Washington&stick=H4sIAAAAAAAAAOPgE-LQz9U3MCkuM1ECs8xyzcu0tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcWLWIWDUlNy8_NSdBTCE4szMvPSS_LzAJ95V6xYAAAA&sa=X&ved=2ahUKEwiWpLe_-fHiAhXVZSsKHTetAXcQmxMoATAjegQIDhAX
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used to determine whether there were non-ran-
dom associations between two categorical varia-
bles. Therefore, this test was used for statistical 
comparison of both R times and MA values be-
tween BDRST and OsPA tubes. 

Data of biochemical analytes from seven partici-
pants are presented in median and interquartile 
ranges (Table 1). Non-parametric statistical analy-
sis was used for testing whether there was a sig-
nificant difference of biochemical analyte meas-
urements among the four serum/plasma samples. 
Also mean values between two sets of paired data 
were used for determining whether there was a 
significant difference of biochemical analyte meas-
urements between sera generated in two blood 
collection tubes, or between serum produced in 
serum tubes and plasma produced in heparin 
tubes using Excel-2013 (Formula-Statistical pro-
gram). To calculate the acceptable change limit for 
each assay or the LSC which is considered to be 
the smallest difference between successive meas-
urements that are real the following equation was 
used: LSC = 2.77 √CVbiological difference + CV analytical 

difference) to determine if analytical differences ex-
isted between the paired differences. With the 
samples being collected at the same time in the 
different tubes, no biological variation needed to 
be included in the calculation of the least significant 
change, therefore LSC = 2.77 √CVanalytical difference 
was employed. The critical allowable limits (CAL) 
were determined based on a previous publication 
(17). 

Results

Capacity of OsPA to clot blood in vitro in the 
presence of anticoagulants used in hospital

We showed that the clotting effectiveness of 
BDRST tubes was limited with increasing heparin 
concentration > 1 U/mL, likely due to insufficient 
thrombin concentration to overcome the heparin 
anticoagulant activity (Figure 2A), and hence la-
tent clotting (occurring in the serum component 
after centrifugation) was observed in these tubes 
(Figure 2B) (8). In the absence of heparin, an OsPA 
amount as low as 0.0625 µg OsPA was capable of 

Figure 2. Activity of BDRST tubes in clotting recalcified citrated 
whole blood spiked with different concentrations of heparin. A) 
The data are the mean ± SD of the clotting times of duplicate 
assays. No clots for the bloods containing 5 or 10 U of heparin 
per mL were observed at 2000 s in the BDRST or BD plain tubes. 
Control (BD plain tube) shows the clotting time (s) for recalci-
fied citrated whole blood without heparin. B) Left panel: Image 
of blood containing different doses of heparin in thrombin-con-
taining tubes (RST) after the bloods stood in tubes for 2000 s 
whether they were clotted or not were centrifuged at 1500xg 
for 10 min. Right panel: Upside-down image of blood contain-
ing different doses of heparin in thrombin-containing tubes at 
18 h on bench after centrifugation. Two-way arrow - indicates 
that weak latent clot occurred in tube with blood containing 
3U of heparin per mL. Arrow - indicates that strong latent clots 
occurred in tubes with blood containing 5 or 10 U of heparin 
per mL. Image of recalcified citrated whole blood clotted in BD 
Plain tube is not shown. BD – Becton Dickenson. BDRST- Beck-
ton Dickinson rapid serum tube. SD – standard deviation.

clotting 0.1 mL of plasma in 40.5 s (Figure 3). The 
0.0625 µg of OsPA clotted 0.1 mL of plasma sam-
ple containing 1 and 2 U/mL of heparin at approxi-
mately 109.5 s and 135.9 s respectively and with 
4U/mL of heparin it was 229.5 s (Figure 3), while in 
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the absence of OsPA, heparin-spiked plasma failed 
to clot. Rapid clotting of re-calcified citrated whole 
blood by OsPA also occurred in heparin-spiked 
bloods across a heparin concentration range of 
0-20 U/mL (Figure 4A). While lower amounts of 
OsPA (1-2 µg) clotted blood effectively containing 
5 U of heparin/mL, 3 µg was required for efficient 
clotting of blood containing 10 and 20 U/mL of 
heparin/mL (Figure 4A). Re-clotting only occurred 
in the heparin-spiked blood at 5 U/mL without 
OsPA and at 10 or 20 U/mL with lower concentra-
tions of OsPA (Figure 4B). When we compared 
these data to clotting in a commercial BDRST tube 
we failed to see any clotting at the higher concen-
trations of heparin in the thrombin tube. The re-
sults in Figure 4C, using visual clotting, reveal that 
no clot formation occurred in the BDRST tube con-
taining 5 U/mL heparin and even at 3 U/mL clot-
ting was weak (Supplementary figure 2). Use of the 
TEG assay for clotting supported in vitro clotting 

(Figure 4D). R times were significantly longer in the 
BDRST tube compared to the OsPA tube in the 
presence of increasing concentrations of heparin 
and  MA values were significantly lower (Figure 5). 
We also demonstrated activity of OsPA in clotting 
recalcified citrated whole bloods spiked with oth-
er anticoagulants: Rivaroxaban, Arixtra, Clexane 
and Dabigatran at high concentrations. The results 
in Supplementary Figure 3 show that OsPA suc-
ceeded in clotting blood spiked with Rivaroxaban 
at concentrations up to 20 µg/mL. Furthermore 
when comparison of clotting in the presence of Ri-
varoxaban was made between OsPA and BDRST 
tubes, clotting times were shorter in the BDRST 
tube over the range 0-25 µg/mL Rivaroxaban but 
at higher concentrations (50-200 µg/mL) the trend 
was reversed (Figure 6A), blood clots produced in 
both tubes were rigid. The results in Figure 6B 
show that OsPA at 5 µg/4 mL clotted effectively re-
calcified citrated whole blood in the presence of a 

Figure 3. Activity of OsPA in clotting recalcified citrated plasma spiked with different concentrations of heparin. The data are the 
mean ± SD of duplicate clotting times (N = 2). In the absence of OsPA, the clotting time for the recalcified citrated plasma without 
heparin was approxiemately 400 s, that has been described in Material and methods section. OsPA - prothrombin activator complex 
from the venom of O. scutellatus. SD – standard deviation.
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Figure 4. Capacity of OsPA to clot heparinised blood. A) Clotting activity of OsPA in recalcified citrated whole blood spiked with dif-
ferent concentrations of heparin. The data are the mean ± SD of eight clotting times (N = 8) from four experiments. B) Clotting pat-
terns of the heparin-spiked blood with or without OsPA. The blood collection tubes with blood clots at 4000 s were centrifuged at 
1500xg for 10 min and then kept on the bench for 18 h. Images were taken of the inverted clot-containing tubes. *indicated that no 
clots were formed in the heparinised bloods without addition of OsPA at 4000 s before centrifugation. No re-clotting was observed 
in blood without heparin. Re-clotting was only observed in blood spiked with heparin at 5 U/mL without OsPA. The blood spiked 
with heparin at 10 or 20 U/mL did not clot without the addition of OsPA. Re-clotting occurred in blood spiked with heparin at 10 U/
mL in samples containing 1 or 2 µg OsPA and with heparin at 20 U/mL in samples containing 1, 2 and 3 µg of OsPA. C) Comparison 
of blood clotting in the OsPA and the commercial BDRST tubes in recalcified citrated whole blood spiked with different concentra-
tions of heparin by visual whole blood clotting assay.  Note: no blood clotting was observed at 2000 s when the blood contained 
5 U/mL heparin in BDRST tubes. D) Representative blood clotting traces and four parameters (R time (s), K time (s), Angle-α and MA 
value (mm)) from TEG assay that was carried out in parallel to the visual clotting assay for comparing the activity of OsPA and BDRST 
tubes in clotting recalcified citrated whole blood spiked with different concentrations of heparin shown in the above figure (Figure 
3 C). N/A in the figures indicates that the parameters were not available in TEG assay. OsPA - prothrombin activator complex from 
the venom of O. scutellatus. BDRST – Becton Dickenson rapid serum tube. R – reaction time . K - clot formation time. MA – maximal 
amplitude. TEG – thromboelastography.
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Figure 5. Comparison of two thromboelastography parameters (R time and MA value) in clotting of recalcified citrated whole blood 
spiked with different concentrations of heparin in tubes containing OsPA (3 µg/tube) and BDRST tubes. A) R time (s). B) MA value 
(mm). Data are the mean ± SD of four TEG assays (N = 4) for each concentration of heparin from two experiments, with each con-
centration done twice in one experiment. The Fisher exact test was used for testing the differences of both R times and MA value 
between OsPA and BDRST tubes. The P values are shown above the histograms of the two tubes.  OsPA - prothrombin activator com-
plex from the venom of O.scutellatus (Australian Coastal Taipan). BDRST – Becton Dickenson rapid serum tube. R- reaction time. MA 
– maximal amplitude. TEG – thromboelastography.

Figure 6. Activity of OsPA in clotting recalcified citrated whole blood spiked with different concentrations of two anticoagulants 
(Rivaroxaban and Arixtra) by visual whole blood clotting assay. A) Comparison of tube containing OsPA (2 µg/tube) and BDRST in 
clotting 4 mL of recalcified citrated whole blood spiked with increasing concentrationsof Rivaroxaban from 0-200 µg/mL. The clot-
ting time for the recalcified citrated whole blood in the absence of either Rivaroxaban or OsPA was 3097.5 s (Supplementary figure 
3). Data are the mean ± SD of duplicate assay. B) Activity of OsPA at 0, 3 and 5 µg/ tube in 4 mL of clotting recalcified citrated whole 
blood spiked with increasing concentrations of Arixtra from 0-3 µg/mL. In the absence of OsPA, the clotting times in recalcified ci-
trated whole blood spiked with Arixtra at 2 or 3 µg/mL were over 2400 s. The data are the mean ± SD of duplicate assays. 

second anticoagulant Arixtra, but OsPA at 1 µg/4 
mL did not generate a rigid blood clot for the re-
calcified citrated whole blood containing Arixtra 
at 3 µg/mL or higher (Figure 6C), suggesting that 
higher amounts of OsPA are required for blood 

containing higher doses of Arixtra. The data for 
Clexane appears in Supplementary figure 4. For 
spiked samples, Dabigatran was incubated for 24h 
for conversion to the active metabolite. Results 
show that both OsPA at 1-5 µg/4 mL and BDRST 
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Figure 6 (conTinued). Activity of OsPA in clotting recalcified 
citrated whole blood spiked with different concentrations of 
two anticoagulants (Rivaroxaban and Arixtra) by visual whole 
blood clotting assay. C) Image shows 1 µg of OsPA in clotting 
4 mL recalcified citrated whole blood spiked with different 
concentrations of Arixtra. 1 µg OsPA did not generate a rigid 
blood clot when the blood contained more than 3 µg/mL Arix-
tra. OsPA - prothrombin activator complex from the venom of 
O.scutellatus. 

tubes clotted effectively the recalcified citrated 
whole blood in the presence of Dabigatran, with 
rigid clots generated (Figure 7). Overall these data 
demonstrate the effectiveness of OsPA in clotting 
blood in the presence of a variety of anticoagu-
lants and its superiority compared to clotting in a 
BDRST tube.

Effectiveness of OsPA in clotting 
anticoagulated blood from patients

Having shown that OsPA works effectively in clot-
ting anticoagulated blood in vitro, we determined 
its effectiveness in clotting plasma and blood from 
patients on warfarin treatment. For warfarin whole 
blood, the clotting time for the 20 patients ranged 
from 57-125 s in the presence of 1 µg OsPA, while 
the clotting times in the absence of 1 µg OsPA 
were prolonged to over 4000 s (Figure 8A). The av-
erage clotting time for these patients were 81.5 ± 
18.8, comparable to that for 35 healthy whole 
blood samples (84.6 ± 9.2) (Figure 8B). Based on 
unequal variance analysis, the clotting time of 
normal+OsPA blood was not significantly different 
from that of warfarin+OsPA blood (P = 0.438, Fig-

Figure 7. Activity of OsPA at 1 and 5 µg in clotting 4 mL of recalcified citrated whole blood spiked with different concentrations of 
Dabigatran from 0-600 ng/mL. BDRST as for comparison was also used for clotting the recalcified citrated whole blood spiked with 
Dabigatran up to 600 ng/mL. In the figure, OsPA 1 and 5 µg/tube, RST = BDRST. The data are the mean ± SD of duplicate assays. OsPA 
- prothrombin activator complex from the venom of O.scutellatus. BDRST – Becton Dickenson rapid serum tube.
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Figure 8. Activity of OsPA in clotting blood from patients on warfarin and those on Dabigatran treatment. A) Clotting activity of 
OsPA in recalcified citrated whole blood samples from 20 patients being treated with Warfarin at 1.0-3.55 of international normalised 
ratio (INR) with an average INR of 2.22 ± 0.72. With the addition of 1µg OsPA in 4 mL to warfarin bloods, the times for clotting the 20 
patient blood samples ranged from 57 to 125 s. B) The mean clotting times (s) ± SD of normal recalcified citrated whole bloods with-
out OsPA (N-OsPA, N = 35) and with 1 µg OsPA (N+OsPA, N = 35) in 4 mL blood samples; compared with that of the warfarin bloods 
(N = 20) with 1 µg OsPA (W+OsPA) in 4 mL blood samples. According to the one way ANOVA unequal variance analysis, the differ-
ence between N+OsPA and W+OsPA was not significant (P = 0.438). C) Clotting patterns of one Dabigatran-containing blood sample 
from a patient volunteer who was treated a no with the dabigatran with or without 1 µg OsPA in 4 mL blood, compared with that 
of normal blood. D) Clotting time of the Dabigartan-containing blood sample from a patient volunteer who was treated with the 
Dabigartan blood with or without 1 µg OsPA in 4 mL blood samples, compared with that of a normal blood. E) Clotting time of the 
Dabigartan-containing blood sample from a patient volunteer who was treated with the dabigartan with different concentrations of 
OsPA in 4 mL blood, compared with that of a normal blood. OsPA - prothrombin activator complex from the venom of O.scutellatus.
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ure 8B). We also demonstrated that 1µg of OsPA 
clotted recalcified citrated plasma in less than 20 s 
for all patients. In another experiment, two healthy 
participants with INR 1.0-1.1 and two warfarin pa-
tients with INR of 2.5 and 4.7 were also recruited 
for plasma clotting assay by visual observation 
and TEG (Supplementary figure 5). The recalcified 
citrated plasma from the warfarin patients clotted 
at 46.5 s, compared to only 25.5 s from the healthy 
participants (Supplementary figure 5A). Further-
more, the TEG assay showed that the warfarin-
containing blood (INR ≥ 4.7) with recalcification 
did not clot without the OsPA while that at INR 2.5 
was extremely slow in clotting (Supplementary 
figure 5 B, C compared to two normal participants 
in Supplementary figure 5 D, E). These data clearly 
demonstrated that OsPA works efficiently in clot-
ting blood from patients on warfarin. 

We also determined the coagulant activities of 
OsPA in clotting blood from a patient treated with 
Dabigatran. Using the TEG assay, significantly lon-
ger R and K times were observed for the patient 
compared to control, demonstrating prolonged 
clotting times (Supplementary figure 6). A signifi-
cantly reduced α-angle (27.9 compared to 62.9) in-
dicated a high concentration of residual fibrino-
gen in the patient’s blood and a significantly lower 
MA value also indicated incomplete blood clotting 
(Supplementary figure 6). As expected, both PT 
and aPTT in plasma were significantly higher in 
the Dabigatran patient than the non-anticoagulat-
ed participant (Supplementary figure 1). We visu-
ally observed that the dabigatran-containing fresh 
blood sample from the patient in a BD-SST tube 
clotted in 5400 s but with a loose clot, whereas the 
control normal blood in the same tube was 682 s 
with complete clotting observed (Figure 8C). Addi-
tion of 1 µg OsPA to Dabigatran-containing  fresh 
blood significantly reduced clotting time to 595 s, 
lower than the control normal blood, with a com-
plete clot and no latent clotting in serum (Figure 
8C). The clotting times of the fresh blood samples 
for both participants were significantly shortened 
with increasing concentration of OsPA (1-5 µg) e.g. 
at 3 µg OsPA the clotting time was 39 s for the con-
trol and 285 s for the patient (Figure 8D, E). These 
data demonstrate that rapid clotting can be pro-

duced from the dabigatran-containing blood with 
the addition of OsPA.   

Analyte stability in serum generated by OsPA 
and PtPA from anti-coagulated patients

We measured 31 analytes in serum samples from the 
seven participants, prepared in (Serum/OsPA) and 
(Serum/PtPA), compared with those samples pre-
pared in (Serum/GBO) and the plasma samples pre-
pared from (Plasma/Heparin tubes) (Table 1). In gen-
eral, there was very good agreement between the 
analyte concentrations determined among the three 
forms of sera against the quality control (QC) (Sup-
plementary table 3). Several analytes including total 
protein (TP), gamma-glutamyl transferase (GGT) and 
aspartate amino transferase (AST) showed variations 
up to 10% between these sera and the GRLH plasma 
but the differences were all within QC imprecision 
data (Supplementary table 3). The differences ob-
served in AST are common findings between lithium 
heparin plasma and serum specimens and these an-
alytes are expected to be higher in the serum sam-
ples due to the clotting process. The TP results were 
lower in the sera due to the prothrombin activators 
being able to remove the fibrinogen from the sam-
ples. The GGT differences were not analytically sig-
nificant at this low level being within the analytical 
performance limits of the assay. However, non-para-
metric statistical analysis showed that there is no sig-
nificant difference for 29 analytes among the four se-
rum/plasma samples except for two analytes, 
triglyce ride (Trig) and troponin I (Tnl). The triglyceride 
differences between the PtPA and OsPA tubes and 
the commercial serum tubes were due to storage of 
the prothrombin activator concentrates in 50% glyc-
erol, since glycerol is a substrate in the triglyceride as-
say. Although the raw differences in TnI suggest that 
they were significant, the concentrations of five of 
the samples were very low (< 0.025 μg/L) and there-
fore less reliable.

Discussion

We have demonstrated that OsPA is a very effi-
cient procoagulant capable of rapidly promoting 
clotting of blood even in the presence of high lev-
els of anticoagulants. OsPA was effective in the 
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presence of a range of the most commonly used 
anticoagulants heparin, warfarin, Dabigatran, and 
Rivaroxaban that are widely used in up to 10% of 
patients in a tertiary hospital setting (18). This was 
the case both in in vitro experiments where blood 
was spiked with anticoagulant and when clotting 
blood from patients on anticoagulant therapy. As 
we described previously, OsPA-induced blood 
clotting is due to the initial and sustained genera-
tion of large amounts of thrombin that rapidly 
produces high quality serum for analyte detection, 
resulting in minimal residual fibrinogen in the se-
rum (5). Snake venom prothrombin activators are 
also very effective in clotting mammalian blood as 
they are: a) constitutively active and thus fully ac-
tive when isolated from venom; and b) partially or 
fully resistant to the coagulation cascade regula-
tory mechanisms, particularly to the actions of 
Protein C where for example the FV-like compo-
nent of the Group C prothrombin activators is re-
sistant to cleavage (1,17-19). This allows these pro-
thrombin activators to continuously produce 
thrombin from endogenous prothrombin without 
control or de-activation, overwhelming antithrom-
bin inhibition (and also any anticoagulants pre-
sent). The technology also has the potential to re-
duce the number of blood collection tubes rou-
tinely used in the pre-analytical phase by isolating 
plasma initially for haematological analysis and 
subsequently serum after OsPA or PtPA treatment 
for immunological testing.

Commercially, the BDRST and Greiner BCA Fast 
clot tubes contain thrombin and are designed to 
rapidly clot blood samples.  However, these tubes 
are not effective for patients on high heparin, with 
BDRST tubes not recommended for use in patients 
on heparin therapy (6,19). Heparin itself has anti-
FXa activity as well as forming the heparin-an-
tithrombin complex with its anticoagulant effect 
appearing to increase disproportionately in inten-
sity and duration as the dose is increased (20). It is 
important to note that OsPA (3 µg) containing 
tubes not only clotted normal re-calcified citrated 
plasma and whole blood but also whole blood 
containing up to 20 IU of heparin/mL. Putting this 
into perspective, heparinised blood samples from 
anticoagulated patients in renal dialysis treatment 

usually contain concentrations in the range 0.3-1.0 
U/mL, while in the case of patients undergoing 
cardiopulmonary bypass (CPB) the heparin con-
centration is up to 10.0 U/mL (12,21). OsPA (1 µg) 
containing tubes were also effective in clotting 
blood from patients on warfarin therapy across a 
wide range of INRs. Visual clotting and TEG experi-
ments using BDRST tubes also demonstrated effi-
cient clotting of plasma samples from warfarin pa-
tients albeit with weaker MA values (Supplemen-
tary figure 5 B,C). This is consistent with previous 
results that Australian snake venoms clotted war-
farinised blood as they are able to activate the 
descarboxy form of prothrombin formed (22). Da-
bigatran is an oral anticoagulant offering an alter-
native to warfarin for use in preventing stroke in 
patients with atrial fibrillation (23). This compound 
inhibits thrombin by binding to its active site with 
high affinity (24). In this study, we demonstrated 
that a small amount of OsPA (1 µg) can significant-
ly reduce the clotting times of Dabigatran-con-
taining blood leading to a complete clot and the 
generation of good quality serum.

In addition, comparison between OsPA-containing 
tubes and commercial tubes showed that the pres-
ence of OsPA did not interfere with serum analyte 
determinations. Quality control has shown that the 
analyte concentrations determined in sera from 
OsPA- and PtPA-containing tubes were consistent 
with those in serum from the GBO-RST tube. These 
data demonstrate that OsPA works efficiently in 
clotting blood from anticoagulated patients and is 
suitable for the generation of high quality serum for 
analyte determination in a clinical setting. World-
wide sales of anticoagulants have been predicted 
to have doubled between 2011 and 2018 (25). This 
in turn will challenge current commercial blood col-
lection tubes to clot these samples and produce 
high quality serum in a timely manner. OsPA snake 
venom prothrombin activator technology which ef-
ficiently clots blood from patients on anticoagulant 
therapy has the capacity to meet these demands to 
produce quality serum.

Plasma samples produced from heparinised blood 
collection tubes have been used as an alternative 
in the analysis of many common chemical analytes 
(26). Plasma tubes are thought to have some ad-

https://en.wikipedia.org/wiki/Route_of_administration
https://en.wikipedia.org/wiki/Anticoagulant
https://en.wikipedia.org/wiki/Warfarin
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vantages over blood serum tubes as they can be 
centrifuged immediately to produce plasma with 
higher yield (27). When repeated studies were car-
ried out, measuring several key analytes of sera 
stored at room temperature or 4°C for 0, 8, 24 and 
36 hours, it is expected that there would be signifi-
cant differences in stability and reproducibility of 
these four clinically relevant analytes between 
plasma/heparin and serum/PtPA samples, even 
between serum/GBO-SST and serum/PtPA sam-
ples. The expectation would be that high quality 
sera would show minimal variability as compared 
to plasma analyte data (28). Plasma/heparin sam-
ples were clearly unstable because blood cells pre-
sent in the plasma lyse over time or are damaged 
when transferred for analysis, affecting the ana-
lytes in the sample (29). Furthermore, some ana-
lyte assays require sera especially when testing for 
autoantibodies such as T3/T4 (30). In contrast, se-
rum/PtPA samples were typically the most stable 
on storage. As a result, there were significant 
changes of the four analytes that exceed the LSC 
limits in the plasma/heparin samples, while it only 
had small changes within the LSC limits in serum/
PtPA samples. While we observed triglyceride dif-
ferences in the PtPA and OsPA tubes compared to 
the commercial serum tubes, this was due to stor-
age of the prothrombin activator concentrates in 
glycerol because glycerol interferes in the triglyc-
eride assay we employed, use of other assays for 
triglycerides would have addressed this problem 
(31). In clinical settings a diagnosis can be made by 
combining other diagnostic results together with 
analytical results and the history of the patient 
(32). Thus, lack of agreement of quantitative con-
centration and accuracy of even one analyte 

among the specific time points in the plasma/hep-
arin samples indicates the unreliability of plasma/
heparin. Thus, serum prepared from patients on 
anticoagulant therapy in the presence of pro-
thrombin activators (OsPA or PtPA) is suitable for 
accurate analyte determination. 

In conclusion, we have demonstrated that snake 
venom prothrombin activators (OsPA and PtPA) 
overcome the blood clotting problems associated 
with use of anticoagulants. OsPA containing blood 
collection tubes can clot effectively anticoagulated 
blood and generate high quality serum from this 
blood within 5 min. Analyte determinations have 
revealed that there is an excellent agreement of an-
alytical data on serum samples prepared using 
OsPA and PtPA and those using commercial serum 
and plasma tubes. Thus, this technology has great 
potential to reduce the numbers of blood collec-
tion tube routinely with faster turn-around-times.

Acknowledgments 

We wish to thank the Australian Red Cross Blood 
Service (ARCBS) for the provision of blood for 
some experiments. We are grateful to Associate 
Professor Mark Chatfield for helping to use non-
parametric statistical analysis to test for significant 
difference between the analytes determined in 
the four serum/plasma samples. Snake venom was 
provided by Nathan Dunstan, Venom Supplies, SA 
and blood through Connie Solano, PAH. 

Potential conflict of interest

The project was in part funded by a Development 
grant from the National Health and Medical Re-
search Council of Australia and by Q-Sera Pty Ltd, 
Australia. 

prothrombin activation. Blood. 2011;118:437-45. https://
doi.org/10.1182/blood-2010-10-312983 

 3. Bos MH, Camire RM. Procoagulant adaptation of a blo-
od coagulation prothrombinase-like enzyme complex in 
australian elapid venom. Toxins (Basel). 2010;2:1554-67. 
https://doi.org/10.3390/toxins2061554

 4. Bos MH, Camire RM. Blood coagulation factors V and VIII: 
Molecular Mechanisms of Procofactor Activation. J Coagul 
Disord. 2010;2:19-27.

References
 1. Masci PP, Whitaker AN, Sparrow LG, de Jersey J, Winzor DJ, 

Watters DJ, et al. Textilinins from Pseudonaja textilis texti-
lis. Characterization of two plasmin inhibitors that redu-
ce bleeding in an animal model. Blood Coagul Fibrino-
lysis. 2000;11:385-393. https://doi.org/10.1097/00001721-
200006000-00011

 2. Matafonov A, Sarilla S, Sun MF, Sheehan JP, Serebrov V, Ver-
hamme IM, Gailani D. Activation of factor XI by products of 



https://doi.org/10.11613/BM.2019.030706 Biochem Med (Zagreb) 2019;29(3):030706 

  17

Zhao KN. et al. Generation of high quality serum

 5. Zhao KN, Dimeski G, de Jersey J, Johnson LA, Grant M, Mas-
ci PP, Lavin MF. Next-generation rapid serum tube techno-
logy using prothrombin activator coagulant: fast, high-
quality serum from normal samples. Clin Chem Lab Med. 
2019;57:483-97. https://doi.org/10.1515/cclm-2018-0397

 6. Dimeski G, Masci PP, Trabi M, Lavin MF, de Jersey J. Evalua-
tion of the Becton-Dickinson rapid serum tube: does it pro-
vide a suitable alternative to lithium heparin plasma tubes? 
Clin Chem Lab Med. 2010;48:651-7. https://doi.org/10.1515/
CCLM.2010.141

 7. Ramamurthy N, Baliga N, Wahr JA, Schaller U, Yang VC, 
Meyerhoff ME. Improved protamine-sensitive membrane 
electrode for monitoring heparin concentrations in whole 
blood via protamine titration. Clin Chem. 1998;44:606-13.

 8. Shanberge JN, Sridhar CN. The interaction of protein-bound 
heparin and antithrombin III. Ann N Y Acad Sci. 1981;370:708-
13. https://doi.org/10.1111/j.1749-6632.1981.tb29778.x

 9. Steindel SJ. Evaluation of a thrombin-containing blood-
collection tube. Clin Chem. 1980;26:173-174. 

10. Ng WY, Yeo CP. Thrombin-accelerated quick clotting se-
rum tubes: an evaluation with 22 common biochemi-
cal analytes. Adv Hematol. 2013;2013:769479. https://doi.
org/10.1155/2013/769479

11. Dimeski G, Johnston J, Masci PP, Zhao KN, Brown N. Eva-
luation of the Greiner Bio-One serum separator BCA Fast 
Clot tube. Clin Chem Lab Med. 2017;55:1135-41. https://doi.
org/10.1515/cclm-2016-0806

12. Smythe MA, Priziola J, Dobesh PP, Wirth D, Cuker A, Witt-
kowsky AK. Guidance for the practical management of the 
heparin anticoagulants in the treatment of venous throm-
boembolism. J Thromb Thrombolysis. 2016;41:165-86. 
https://doi.org/10.1007/s11239-015-1315-2

13. Masci PP, Whitaker AN, de Jersey J. Purification and charac-
terization of a prothrombin activator from the venom of 
the Australian brown snake, Pseudonaja textilis textilis. Bi-
ochem Int. 1988;17:825-35.

14. Delavenne E, Mounier J, Déniel F, Barbier G, Le Blay G. Bi-
odiversity of antifungal lactic acid bacteria isolated from 
raw milk samples from cow, ewe and goat over one-year 
period. Int J Food Microbiol. 2012;155:185-90. https://doi.
org/10.1016/j.ijfoodmicro.2012.02.003

15. Delavenne X, Zufferey P, Nguyen P, Rosencher N, Samama 
CM, Bazzoli C, et al. Pharmacokinetics of fondaparinux 1.5 
mg once daily in a real-world cohort of patients with renal 
impairment undergoing major orthopaedic surgery. Eur J 
Clin Pharmacol. 2012;68:1403-10. https://doi.org/10.1007/
s00228-012-1263-0

16. Hernaningsih Y, Akualing JS. The effects of hemolysis on 
plasma prothrombin time and activated partial throm-
boplastin time tests using photo-optical method. Medi-
cine (Baltimore). 2017;96:e7976. https://doi.org/10.1097/
MD.0000000000007976

17. Tanner M, Kent N, Smith B, Fletcher S, Lewer M. Stability of 
common biochemical analytes in serum gel tubes subjec-
ted to various storage temperatures and times pre-cen-
trifugation. Ann Clin Biochem. 2008;45:375-9. https://doi.
org/10.1258/acb.2007.007183

18. Dimeski G, Solano C, Petroff MK, Hynd M. Centrifugati-
on protocols: tests to determine optimal lithium hepa-

rin and citrate plasma sample quality. Ann Clin Biochem. 
2011;48:218-22. https://doi.org/10.1258/acb.2010.010230

19. Dimeski G, Johnston J, Masci PP, Zhao KN, Brown N. Eva-
luation of the Greiner Bio-One serum separator BCA Fast 
Clot tube. Clin Chem Lab Med. 2017;55:1135-41. https://doi.
org/10.1515/cclm-2016-0806

20. Viskov C, Elli S, Urso E, Gaudesi D, Mourier P, Herman F, et al. 
Heparin dodecasaccharide containing two antithrombin-
binding pentasaccharides: structural features and biologi-
cal properties. J Biol Chem. 2013;288:25895-907. https://doi.
org/10.1074/jbc.M113.485268

21. Wallock M, Jeske WP, Bakhos M, Walenga JM. Evaluation of a 
new point of care heparin test for cardiopulmonary bypass: 
the TAS heparin management test. Perfusion. 2001;16:147-
53. https://doi.org/10.1177/026765910101600209

22. Chester A, Crawford GP. In vitro coagulant properties of 
venoms from Australian snakes. Toxicon. 1982;20:501-4. 
https://doi.org/10.1016/0041-0101(82)90014-9

23. Sheffield WP, Lambourne MD, Eltringham-Smith LJ, Bhak-
ta V, Arnold DM, Crowther MA. γT -S195A thrombin redu-
ces the anticoagulant effects of dabigatran in vitro and 
in vivo. J Thromb Haemost. 2014;12:1110-5. https://doi.
org/10.1111/jth.12601 

24. Hauel NH, Nar H, Priepke H, Ries U, Stassen JM, Wienen W. 
Structure-based design of novel potent nonpeptide throm-
bin inhibitors. J Med Chem. 2002;45:1757-66. https://doi.
org/10.1021/jm0109513

25. Stuart C. Anticoagulants: The brave new world, Availa-
ble at: http://www.cardiovascularbusiness.com/topics/
electrophysiology-arrhythmia/anticoagulants-brave-new-
world. Accessed December 1st 2018.

26. Miles RR, Roberts RF, Putnam AR, Roberts WL. Comparison 
of serum and heparinized plasma samples for measure-
ment of chemistry analytes. Clin Chem. 2004;50:1704-6.  
https://doi.org/10.1373/clinchem.2004.036533

27. Palmer DS, Ganz PR, Perkins H, Rosborough D, Rock G. Deve-
lopment of a heat-treated factor VIII/von Willebrand factor con-
centrate prepared from heparinized plasma. Thromb Haemost. 
1990;63:392-402. https://doi.org/10.1055/s-0038-1645054

28. Dimeski G, 2010, PhD Thesis, University of Queensland, Au-
stralia

29. O’Neal WK, Anderson W, Basta PV, Carretta EE, Doerschuk 
CM, et al. Comparison of serum, EDTA plasma and P100 
plasma for luminex-based biomarker multiplex assays in 
patients with chronic obstructive pulmonary disease in 
the SPIROMICS study. J Transl Med. 2014;12:9. https://doi.
org/10.1186/1479-5876-12-9

30. Shigemasa C, Kouchi T, Taniguchi S, Mitani Y, Ueta Y, Yoshi-
da A, Mashiba H. Autoimmune thyroiditis with transient 
thyrotoxicosis: comparison between painful thyroiditis and 
painless thyroiditis. Horm Res. 1991;36:9-15. https://doi.
org/10.1159/000182098

31. Bucolo G, McCroskey R, Whittaker N. Lipase-triggered kine-
tic assay of serum triglycerides. Clin Chem. 1975;21:424-6.

32. Buttner R, Gosney JR, Skov BG, Adam J, Motoi N, Bloom 
KJ, et al. Programmed Death-Ligand 1 Immunohistoche-
mistry Testing: A Review of Analytical Assays and Clini-
cal Implementation in Non-Small-Cell Lung Cancer. J 
Clin Oncol. 2017;35:3867-76. https://doi.org/10.1200/
JCO.2017.74.7642


