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ABSTRACT

Leech saliva contains biologically active compounds that are mainly proteins and
peptides. In Malaysia leeches have been used for traditional medicine for a long time.
However, there are scanty studies about the isolation and characterisation of
Malaysian leeches’ saliva. This study aimed to isolate and characterize leeches saliva
extract. A modified and smooth extraction method of leeches’ saliva without leeches’
scarification is used. UV and Bradford assay protein methods showed that the saliva
extract contains high concentrations of protein. RP-HPLC chromatogram revealed that
more than 30 different peaks were there in leech saliva extract.. Gel electrophoresis
revealed the existence of protein and peptides with different molecular weights. The
gel showed up to 25 different bands. Comparison of gel electrophoresis data with
protein database revealed the closeness of many molecular weights to known proteins
isolated from the Hirudinaria leech family. Other proteins detected by gel
electrophoresis may be related to completely new biologically active proteins and
peptides or to a modification (isoforms) of the existing ones. It was observed that the
period of starvation has a vital role in the concentration of saliva proteins and 12
weeks of starvation gave the highest concentration of proteins in the saliva. It was
found also that 4 weeks of starvation after first feeding is enough for leeches to
recover 42% of their protein concentration. Two anticoagulant proteins (protein 1 and
protein 2) were isolated from leeches saliva extract by using RP-HPLC, and their
molecular weights were identified (6.289kDa and 14.255kDa) respectively using
tricine SDS-PAGE. These two proteins increased the thrombin time by 29.11% and
44.13% respectively. In addition, they inhibited the amidolytic activity of thrombin,
evaluated by measuring the conversion of the chromogenic substrate (S-2238). The
result showed a decrease in the conversion of the substrate (S-2238) by 30.61% and
41.22 % respectively. Traces of heavy metals concentrations were investigated in the
water (natural habitat of the leeches), leeches’ tissues and leeches’ saliva extracts. The
concentrations of heavy metals in the leeches’ habitat water were found high. Hence
the water specification is a class IV (INWQS). Furthermore, traces concentrations of
heavy metals were found in leeches’ tissues as well as in their saliva extracts. Such
concentrations of heavy metals may cause health hazard, especially when leeches
from such contaminated environment are applied in treatment and therapy directly
without any precautions. Clearing leeches and their saliva extracts from these traces is
investigated in this study. It was found that these high concentrations can be mitigated
by successive replacement of the lake water by clean and non-chlorinated or distilled
water for three weeks. A significant decrease for certain heavy metals concentrations
was achieved depending on the type of metal. For instance in the saliva extract,
undetected level of cadmium (Cd) was observed while a marginal 7.3% decrease in
the case of arsenic (As) was reported after washing. In the case of leeches’ tissues, the
concentration of cadmium (Cd) increased unexpectedly, while a decrease of 92.38%
and 20.01% in the concentration of lead (Pb) and arsenic (As) were recorded
respectively.
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CHAPTER ONE

INTRODUCTION

1.1 LEECHES

Leeches are segmented worms in the subclass Hirudinea which are very important in
the food web of aquatic ecosystem or in their habitat system acting both as predators,
prey, and parasites (Russell, Paul, & Beverly McMillan, 2007). There are about 700-
1000 species of leeches all over the world (Siddall, Bely, & Borda, 2006).

Leeches are hermaphrodites’ worms and they don’t live long after they have
reproduced once or twice.

Some leeches are carnivorous; they prey on invertebrates, and feed on insect
larvae, snails, crustaceans and other worms. Their digestive enzymes process their
food within a few days. Other leeches are sanguivorous and they feed on the blood of
vertebrates such as amphibians, birds, reptiles, fish and mammals including humans.
Leeches need symbiotic bacteria to help in digesting their blood meals. (Parker, 2006;
Sawyer, 1986b; Siddall, et al., 2006).

Hirudinaria manillensis exist widely in tropical areas especially in South East
Asia (Mann, 1962). Malaysian leeches belong to the Hirudinaria manillensis species
known also as buffalo leeches (Govedich, Moser, & Davies, 2004; Sawyer, 1986b).
There are four families and seventeen species of FEuhirudinaria in Malaysia
distributed on the entire Malaysian ecosystem (Govedich, et al., 2004).

Leeching and leech saliva extracts have received much attention because of
their extensive uses in many traditional & conventional medical fields (Sawyer,

1986b). Nowadays, leeches are being used for several medical ailments like: arthritis,



blood — clotting disorders, eyes diseases, post-operative venous congestion, and even
in modern plastic reconstructive surgery (Govedich & Bain, 2005; Michalsen, Roth, &
Dobos, 2007).

Leech’s saliva contains many active compounds which have several biological
activities, as anticoagulants, vasodilatants, anaesthetics, thrombolytics, antibiotics,
analgesics, anti-metastasis and anti-inflammatory agents (Kraemer, Korber, Aquino,
& Engleman, 1988; Michalsen, et ;11., 2007). While the anticoagulant compounds help
to keep the host blood in the liquid statue during sucking (Govedich & Bain, 2005;
Markwardt, 1957, Salzet, Chopin, Baert, Matias, & Malecha, 2000), as well as during
the storage of it in leeches digestive system making its digestion easier (Mann, 1962;
Sawyer, 1986b).

These anticoagulants are mainly proteins and pep:cides secreted by the leech’s
salivary glands. The anticoagulant activity of the extract of the head of Hirudo
medicinalis leeches was for the first time described (Haycraft, 1884). This
anticoagulant compound was found to be a protein in nature and it was named hirudin
(Bodong, 1905). Later, hirudin was isolated in the pure state and was fully
characterised (Bagdy, Barabas, Graf, Petersen, & Magnusson, 1976; Markwardt,
1957). On the other hand, the saliva constituents of other species of leeches have been
studied and number of prqteins and peptides has been found (Faria, Kelen, Sampaio,
Bon, Duval & Chudzinski-Tavassi, 1999; Nutt, Gasic, Rodkey, Gasic, Jacobs,
Friedman, & Simpson, 1988; Salzet, et al., 2000).

Because it is highly atractive, several studies have been conducted aimed to
isolate the active constituents of leeches’ saliva extract using several types of
analytical techniques. Hirudin for example was isolatedin pure form at the first time

by organic solvents precipitation (Markwardt, 1957). In addition, electrophoritic



methods like SDS-PAGE were also used to isolate other proteins (Baskova,
Cherkesova, & Mosolov, 1976). Chromatographic methods like gel filtration and ion-
exchange chromatography were extensively used to prepare large amount of hirudin
(Bagdy, Barabés, & Graf, 1973) as well as HPLC methods were also used to isolate
proteins from leeches saliva extract (Steiner, Knecht, Gruetter, Raschdorf, Gassmann,
& Maschler, 1990). Nowadays the following procedures are used to isolate proteins
from leeches saliva extract:

A. Concentration of the saliva extracts by lyophilization,

B. Crude separation via gel filtration and chromatography on anion

exchangers.

C. Final step of purifiaction by HPLC

D. Molecular weights assessed wusing gel ‘ electrophoresis or mass

spectroscopy (Wallis, 1996).

Some examples of the anticoagulant peptides and proteins that have been
isolated from leech species Hirudinaria manillensis are: bufridin (Electricwala,
Sawyer, Jones, & Atkinson, 1991) and hirullin P6 and hirullin P18 (Steiner, Knecht,
Bornsen, Gassmann, Stone, Raschdorf & Maschler, 1992).

In Malaysia leeches are used in traditional medicine for treatment of many
human disorders like arthritis. Direct leeching is used in Malaysian traditional
medicine without considering the pollution which may result from the environment
where leeches are having their habitat. For instance, many pollutants may contaminate

the body and/or the saliva of the leech especially those pollutants from traces of heavy

metals which have an impact on public health.



In the literature, there are scanty information about the constituent of local
Malaysian leeches’ saliva extract, their biological activity as well as the safety of
using direct leeching.

Taking all previous issues in mind, this study was carried out to ensure the

following objectives:

1.2 OBJECTIVES

e To develop a method of saliva extraction in reasonable quantities without
scarifying the leeches.

e To optimize storage conditions for the saliva extract.

e To assay the biological activities of the Malaysian leeches’ saliva extract,
and prove its anticoagulant activity.

e To describe and characterize Malaysian leeches’ saliva extract using all
the available analytical methods. To find a relationship between the
quality and quantity of proteins in leech saliva extract and their starvation
period.

e To assess the trace amounts of heavy metals in leech’s tissues and their
saliva extract which are considered as an environmental contaminants with
an impact on public health.

e To optimize methods of minimizing the concentration of heavy metals in

leeches’ tissues and/or their saliva extract if there is any contamination by

heavy metals.



1.3 STATMENT OF THE PROBLEM

Leeches’ saliva analysis for its biologically active components was the target of many
researchers. However, in Malaysia scanty scientific reports are available regarding the
biological activity of medical Malaysian leeches’ saliva components. Hence, the main
goal of this study is to isolate and characterise the active components in Malaysian

leeches’ saliva extract.

1.4 RESEARCH HYPOTHESIS

The Malaysian medical leech family is similar to its European counterpart, for which
an abundant literature describing active components in their saliva extracts and the
associated biological activities is available. In the contrary very few studies were
undertaken for the Malaysian leeches. Developing a‘ smooth method of leech

extraction and characterisation could reveal very interesting and useful compounds

that still unknown.



CHAPTER TWO

LITERATURE REVIEW

2.1 LEECHES

Leeches (Figure 2.1) are segmented worms in the Subclass Hirudinea that are usually
ectoparasitic (Basu & Chandra, 2004; Russell et al., 2007). They are included in the
Class Clitellata, Subclass Hirudinida, and Superorder Euhirudinea (Mann, 1962;

Sawyer, 1986a).
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Figure 2.1: Photo of a leech.

Leeches usually live up to 1-3 years. From the reproductive view, leeches are
hermaphrodites which mean that each leech has both male and female reproductive

organs. The typical life cycle of leeches consists of egg which is laid usually at the



