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Abstract
Purpose: To isolate and characterize the antithrombin compounds of Malaysian leeches’ saliva
collection (LSC) for use as anticoagulant proteins and peptides.
Method: Reversed phase - high performance liquid chromatography (RP-HPLC) was used to isolate all
proteins from LSC. All isolated proteins were tested for anticoagulant activity by applying two tests,
thrombin time test and the inhibition of the amidolytic activity of thrombin on the chromogenic substrate
(S-2238). The molecular weights of isolated active compounds were identified using tricine sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS- PAGE).
Results: More than 40 proteins were isolated from LSC using RP-HPLC. Two compounds (protein 1
and protein 2) were found to be active as they increased thrombin time by 30.26 and 36.75%,
respectively and inhibited the amidolytic activity of thrombin. as evaluated by measuring the conversion
of the chromogenic substrate (S-2238). Decrease in the conversion of the substrate (S-2238) by 31.10
and 41.61%, respectively was observed. The molecular weights of the proteins (6.289 and 14.255 kDa,
respectively) had no similarity with other leech species.
Conclusion: Two antithrombin proteins with anticoagulant properties were isolated from the saliva of
Malaysian leeches using one-step isolation procedure. The proteins did not show any similarity to
previous isolated proteins from leech.
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INTRODUCTION
Leeching and leech saliva extracts have received
much attention because of their extensive use in
many traditional and conventional medical fields
[1]. Nowadays, leeches are used for several
medical ailments like: arthritis, blood clotting
disorders, eye diseases, post-operative venous
congestion, and even in modern plastic
reconstructive surgery [2]

Leech’s saliva contains many active compounds
which have several biological activities, as
anticoagulants,
vasodilatants,
anesthetics,
thrombolytics, antibiotics, analgesics, antimetastasis and anti-inflammatory agents [3]. The
anticoagulant compounds help to keep the host
blood in the liquid state during sucking [2,4,5] as
well as its storage in leech’s digestive system,
making its digestion easier [1,6]
These anticoagulants are mainly proteins and
peptides secreted by the leech’s salivary glands
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[1]. The anticoagulant activity of Hirudo
medicinalis leeches was first described by
Haycraft [7]. This anticoagulant compound was
found to be a protein in nature and it was named
hirudin [8]. Later, hirudin was isolated in the pure
state and was fully characterized [4,9]. On the
other hand, the saliva constituents of other
species of leeches have been studied and a
number of proteins and peptides have been
found [5,10]
Hirudinaria manillensis is another species of
leeches belonging to the same family of Hirudo
medicinalis and it is widely found in south-east
Asia including Malaysia. Several active
compounds have been isolated from its saliva
like bufridin from the head of Hirudinaria leech
[11], hirullin P6 and P18 from the whole body of
the leech [12], and Hirudin variant HM2 was
expressed in Escherichia coli utilizing a synthetic
gene [13].
In Malaysia, the use of leeches is still under
traditional medicine and there are a few studies
about Malaysian leeches in terms of isolation and
characterization of anticoagulant compounds.
The aim of this study is to isolate and
characterize anticoagulant proteins especially
antithrombin peptides and proteins from the
saliva of Malaysian leeches.

EXPERIMENTAL
Leeches
Hirudinaria manillensis (Lesson 1842) Leeches
were collected from Cheneh Lake, Terengganu,
Malaysia. They were kept in the laboratory at
room temperature under 12-12 hours light dark
cycle in plastic containers with perforated cover
to allow air circulation. The water in the container
was changed every three days.
Chemicals and Reagents
The following chemicals and reagents were used
in this study: L-Arginine Hydrochloride; Tris base;
Sodium Dodecyl Sulfate (SDS) electrophoresis
grade; Acrylamide electrophoresis grade;
Trifluoroacetic acid (TFA) HPLC grade and UltraLow Molecular Weight Peptide Marker 1.02 – 26
kD were purchased from Sigma Aldrich (USA).
Sodium Chloride; Bis-acrylamide electrophoresis
grade; Coomassie Blue electrophoresis grade
and Tricin electrophoresis grade; were supplied
by Merck (Germany). Acetonitrile HPLC grade;
Glacial Acetic Acid; Glycerol; Bromophenol Blue
electrophoresis grade and Glycine electrophoresis grade; were supplied from Fisher (UK).

Chromogenic substrate S2238 was obtained
from Idna (Singapore). Thromboclotine was
purchased
from
Siemens
(Germany).
Tetramethylethylenediamine (TEMED) electrophoresis grade; Ammonium Per Sulfate (APS)
electrophoresis grade and 2 - Mercaptoethanol
electrophoresis grade; were obtained from Bio
Rad (USA). Glycerol electrophoresis grade was
purchased from Ajax Finechem (Australia).
Collection of leeches’ saliva extract
Saliva of leeches was collected following the
method described by Alaama et al [14]. The
extract was collected in glass tubes, lyophilized
and kept at -20°C.
Isolation of proteins using RP-HPLC
Lyophilized saliva extract was dissolved in HPLC
water to an estimated concentration of 1000 µg
/ml from which 100 µl was taken and injected
through an automatic injector connected to an
Agilent reversed phase C18 column (4.5×150
mm×5 µm). Buffer A (0.1% TFA in water) and
buffer B (0.1% TFA in acetonitrile) were used as
mobile phases. A linear gradient of 5 – 90%
buffer B over 40 min was used for the elution.
The absorbance detection was fixed at 214 nm.
Every peak was collected and isolated as a
separate compound. All compounds were
collected, frozen at -40°C, and then lyophilized.
Every compound was dissolved in 60 µl of
distilled water and used to check for the activity
thrombin time and amidolytic activity.
Thrombin time
Citrated plasma was obtained by mixing fresh
human blood with sodium citrate (9 parts of blood
+ 1 part of 0.11 mol/l sodium citrate) and
subsequently centrifuging at 1600 rpm at room
temperature for 10 min. A volume of 80 μl of
citrated plasma were added to 20μl of isolated
compounds solution and the feeding solution
(control) and incubated at 37°C for 2 min. Then
100μl of thrombin reagent at 37°C was added
using a pipette, and the time until coagulation
started was measured in a photometric
coagulometer (sysmix Ca50) in triplicate.
Control plasma test was always run before the
experiment to evaluate the precision and
accuracy of the reagents used and the
coagulometer. Each vial of Control N® was
dissolved in 1.0 ml distilled water, shaken gently
and let to stand for 15 min at room temperature.
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The reconstituted control plasma was kept at -20
°C for a maximum period of four weeks
according to Control N® manual. The present
increase in thrombin time (% TT) was calculated
from the equation:
TT (%) = {(TTs – TTcp)/TTcp)} …………….. (1)
where TTs and TTcp are the thrombin time of the
sample and citrated plasma, respectively.
Every protein which prolonged thrombin time was
determined as active antithrombin protein [15].
Amidolytic activity inhibition assay
A volume of 250 μl of thrombin (0.124 IU/ml, final
concentration 0.1 IU/ml) in Tris buffer (Tris 50
mmol/l, NaCl 154 mmol/l, pH 8.0) was introduced
into a micro-plate reader (micro-titer plates). This
solution was mixed with 10 μl solvent (control) or
isolated compounds solution for 1 min and
incubated at 25°C for 4 min. The reaction was
then started by adding 50μl of substrate solution
(S-2238
(H-D
–phenylalanyl-L-pipecolyl-Larginine-p-nitroanilide dihydrochloride), 0.62
mmol/l) to a final concentration of (0.1 mmol/l),
briefly mixing and then incubation at 25oC. After
5 min, the reaction was stopped by adding 50 μl
of 35% acetic acid, and the absorbance at 405
nm was measured. All proteins which reduced
the absorbance at 405 nm were considered as
active antithrombin proteins [15].

Determination of molecular weight of active
proteins
Tricine SDS-PAGE was run to determine the
molecular weight of active proteins as described
[18], using 16% gel. Samples were prepared by
mixing the same amount of sample and sample
buffer and heating the mixture for 5 min at 95°C,
and then they were applied to the gel using
micropipette. All gels were stained using
Coomassie Blue.
Statistical analysis
All data were derived from at least three
independent experiments. Statistical Analysis of
the data were carried out using one way analysis
of variance (ANOVA) and the Tukey post hoc
test for average comparison on SPSS 18.0.
Mean values ± S.D. were used. Significance was
defined as p < 0.05.

RESULTS
Proteins isolation
Leeches’ saliva proteins were isolated by RPHPLC as shown in Figure 1. A total of 40 peaks
were isolated from the Hirudinaria manillensis
leeches’ saliva. Each peak was frozen at -40°C
and lyophilized, then used for testing, after
dissolving in 60 µl distilled water to assess the
anticoagulant activity.

P2
P1

Figure 1: Chromatogram of isolated proteins from the saliva of leeches (as indicated by arrows).
P1: protein 1; P2 protein 2.
Figure 1: Chromatogram of isolated proteins from the saliva of leeches (as indicated by arrows).
P1: protein 1; P2 protein 2
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The results using a Sysmix CA 50 coagulometer
revealed the presence of two active proteins that
are able to extend the thrombin time. They
prolonged the thrombin time by 30.26% and
36.75% respectively as reported in Table 1. They
were designated as protein 1 and protein 2. The
other 38 fractions did not affect the thrombin time
so they were not considered for other tests.
The two isolated proteins were assessed for their
inhibition of amidolytic activity of thrombin. The
results revealed that protein 1 and protein 2
inhibited the amidolytic activity of thrombin by
31.10% and 41.61% respectively as shown in
Table 1. These results supported the earlier
results obtained with thrombin time.
Table 1: Antithrombin activity of isolated proteins from
leeches’ saliva collection (LSC).
Sample

TT test
TT (s)

Control
plasma
Citrated
plasma
Protein 1
Protein 2

20.5 ± 0.1

TT inhibition
(%)
-

19.5 ± 0.1

0

Inhibition of
amidolytic
activity (%)
-

compounds isolated from other leech species
was conducted and reported in Table 2.
The comparison showed no similarity between
the isolated proteins from Malaysian leeches’
saliva collections and other proteins and peptides
isolated from other leech species.
Table 2: Comparison of isolated antithrombin proteins from
this study with other antithrombin proteins isolated from
various leech species

Compound
Protein 1
Hirullin P18
Bufridin
Haemadin
Hirudin
Protein 2
Theromin

Leech
specie
Hirudinaria
manillensis
Hirudinaria
manillensis
Hirudinaria
manillensis
Haemadipsa
sylvestris
Hirudo
medicinalis
Hirudinaria
manillensis
Theromyzon
tessulatun

Molecular
weight
6289.799

Reference

6600-6800

[12]

7000

[13]

5300

[16]

7000

[17]

14244.58

This study

14500

[5]

This study

α

25.4 ± 0.1 30.26 ± 0.42
α,β
26.7 ± 0.2 36.75 ± 0.87

31.1 ± 2.2
41.6 ± 5.1

α

TT = thrombin time, = p < 0.001 in thrombin time values
β
compared to the citrated plasma (zero point); = p < 0.001)
compared to protein 1

The molecular weights for two active isolated
proteins were also determined using the Tricine
SDS- PAGE. The results in Figure 2 revealed
that the molecular weights of the two active
proteins were: 6289.799 Da and 14244.58 Da
respectively.

Figure 2: Molecular weight of active isolated proteins
using Tricin SDS-PAGE. Lane 1: peptide marker, P1:
protein 1 the first active peak. P2: protein 2 the second
active peak.

A comparison between the molecular weight of
these two proteins with the library of active

DISCUSSION
Hirudinaria manillensis is known as buffalo leech
because it depends on the mammals’ blood for
feeding. It is believed that Hirudinaria might
develop more suitable tools for feeding in
mammals’ blood as it was stated in some studies
that these leeches have specialized jaws to bite
mammals’ skin [19]. It is believed also that these
species of leeches have developed suitable
anticoagulant compounds for mammals’ blood.
Malaysian leeches are classified under
Hirudinaria manillensis species and they have
been applied traditionally for medical treatments
for ages. In this study the isolated anticoagulant
proteins are believed to be new due to their high
effect on thrombin, and their molecular weights
which are not similar to any known isolated
anticoagulant compound. The use of RP-HPLC
for the isolation of proteins was described before
[5] for the isolation of antimicrobial proteins from
medicinal leeches. RP-HPLC is an easy and
accurate method for isolation of protein and one
step isolation helps in reducing the risk of yield
and activity loss.

CONCLUSION
In conclusion, we have isolated two antithrombin
proteins from the saliva of Malaysian leech. They
are believed to be new compounds as they
showed no similarity with other isolated proteins
from other leeches.
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