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Abstract
Concentrations of heavy metals (HMs) in the tissues and saliva extracts of leeches
(Hirudinaria manillensis) collected from Cheneh Lake, Terengganu, Malaysia were
investigated. Concentrations of HMs like Cadmium (Cd), Chromium (Cr), Iron (Fe),
Manganese (Mn), Nickel (Ni), Lead (Pb), Selenium (Se) and Zinc (Zn) were revealed by
utilising Inductively Coupled Plasma Mass Spectroscopy (ICP-MS). Nearly all the
examined HMs concentrations in the lake water were noted to be higher compared to
the Maximum Permissible Limits (MPL) as per Interim National Water Quality
Standards for Malaysia (INWQS). Moreover, traces of HMs were discovered in tissues
and saliva extracts of leeches. Such quantities may pose a health hazard to the patients
upon an instant application of leeches on their skin. In this work, a novel technique
was presented to decrease the level of metals in leech saliva by espousing a frequent
washing process involving deionized or non-chlorinated water for three weeks. This
process was extremely effectual in considerably decreasing HMs concentrations
(P<0.05), particularly Cd level (up to 99.7%) in saliva and Pb level (up to 92.38%) in
tissues. Thus, a constant washing process might aid in harmless utilization of leeches
for different conventional biomedical practices.

Introduction
The existence of HMs is commonly observed in
stagnant water, ponds, and lakes, particularly in tropical
regions such as Malaysia (Basheer et al, 2017; Yunus et
al., 2020). Such HM contaminations affect the
environment and public wellbeing (EPA, 2009). The
traces of HMs in the environment and their likely
impacts on living organisms, drinking water, and food
nutrients have been analysed earlier (Karadede & Ünlü,
2000; Masindi & Muedi, 2018; Mishra et al., 2019). In
Malaysia, many research works have been undertaken
to offer a better comprehension of HMs contaminations
in food, drinking water, and conventional medical herbs

(Ahmad et al., 2018; Sulaiman et al., 2016; ShuhaimiOthman, 2009).
Leeches have been utilised in traditional
medications because of the effective impact of their bite
which is said to comprise bioactive compounds (Alaama
et al., 2011). They are believed to cure an extensive
gamut of ailments like skin disorders, arthritis, eye
complications and plastic surgery (Abdualkader et al.,
2013; Singh & Rajoria, 2019; Porshinsky et al., 2011). The
medicinal leech (Hirudo medicinalis) was approved by
FDA as a medical device for mechanically alleviating
venous congestion through anticoagulants to the site of
congestion (Rados, 2004). Many species of leeches have
been conventionally utilised in Malaysia for medical
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cure (Sivachandran, et al., 2013). Notably, most of the
leeches utilised in conventional medicine are fetched
from their natural habitats such as ponds. Tropical
climates experience a considerable amount of rain, and
coastal developmental undertakings cause substantial
HMs land to run-off and ultimately sink in ponds, lakes,
seas, and rivers. Thus, the likelihood of cross
contamination of leeches in these kinds of environments
by high intensities of HMs is not insignificant.
Metals bioaccumulation in aquatic organisms is
formidably impacted by metals concentrations in the
external environment. Various studies have been
conducted on a wide range of aquatic creatures like fish
(Rosli et al., 2018; Salam et al., 2019), crustaceans
(Anual, et al., 2018; Zaleha et al., 2010), bivalves (Yuan
et al., 2020) and gastropods (Gawad, 2018). Water
quality and HMs levels have significant effects on the
population density of medicinal leech (Sağlam et al.,
2018). High levels of heavy metals were reported in the
tissues of leeches (Chornaya et al., 2018; Wang et al.,
2015). However, no comparable research works had
been conducted on their saliva which has been
demonstrated to have high therapeutic potentials.
Hence, the current study intended to focus on the HMs
concentrations in the sampled region and their
bioaccumulation in a selected part of the leeches
(tissues) and in their saliva extracts. The work also
intended to examine the relationship between the HMs
concentrations in leeches’ saliva and the external
ecological surroundings.

was purchased from fisher scientific (UK), concentrated
HCl 37% was purchased from Merck (Germany); nickel
and zinc standards were purchased from Merck
(Germany). All heavy metal standards were purchased
from Perkin Elmer, USA. Certified standard reference
materials DORM-4 was from National Research Council,
Canada (NRC, Ottawa, Canada). Pre-cleaned and acidwashed glassware were used for all analyses. All
glassware was soaked with 10% HNO3 solution for 24
hours and rinsed thoroughly with de-ionized water prior
to any use analysis (Khalid et al.,2016).
Samples Collection and Preparation
Leeches were gathered from Cheneh Lake,
Terengganu, Malaysia (Figure 1) and instantly
transported to the laboratory for more tests. Ambient
water samples were gathered and saved in plastic
containers following acidification at pH>2 to diminish
the precipitation of HMs or the absorption of metals into
the container’s walls before additional analysis (Uddin
et al.,2016). The samples were stored at +4°C before the
analysis. An atomic absorption Spectrophotometer
instrument model Perkin-Elmer Analyst 800 AAS was
utilised for detecting zinc and nickel, whereas Cd, Cr,
Mn, Fe, Pb, Se were identified by utilising ICP-MS. To
verify the accuracy and precision of the analytical
method, analytical blanks triplicates and certified
standard reference materials DORM-4 were used.
Acid Digestion Method

Materials and Methods
Chemicals and Glassware
All reagents and acids used were of AAS grade. Deionized - certified free of heavy metals - water was used
to prepare different reagents. Concentrated HNO3 65%

Figure 1. Leech sampling area (Cheneh, Terrenganu, Malaysia)

All samples were prepared by acid digestion using
a digestion solution which comprises a mixture of
concentrated HNO3 65% and a concentrated HCl 37%, in
a ratio of (1:3) in 250 ml beakers (Uddin et al., 2016). The
digestion was completed by using water bath at 95°C for
8 hours.
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Sample Preparation
Leech tissue (LT): 10 Frozen leeches (-20°C) were
thawed at room temperature and homogenized. 0.5 g of
their tissues were dissolved in acid digestion solution.
Leeches’ saliva extract (LSE): saliva was extracted
following the standard method (Alaama et al., 2014). In
brief 20 leeches were fed on a phagostimulatory
solution comprising of sodium chloride 0.15 M and
Arginine 0.001 M through a parafilm membrane. Once
feeding process is completed, leeches are transferred to
a falcon tube and immersed in ice for 15 min, and then
leeches were squeezed, and the saliva extract was
collected. A volume of 10 ml of the extracted saliva was
used for digestion as stated above.
Lake water (LW): 10 ml of water from the lake (LW)
were digested as mentioned above.
Effect of Maintaining Leeches in Controlled Conditions
on the HMs Concentrations in Their Tissues and Saliva
This part of the study aimed to investigate the
alteration of the heavy metals concentrations in
leeches’ saliva by changing their external environmental
conditions. Seventy leeches were placed in a covered
plastic container with 10 L of water under 25±1°C.
Leeches were exposed to a 12 hours of dark / light cycle
(Alaama et al., 2014). A washing method depending on
changing leeches’ habitat by using water with less
concentration of heavy metals was introduced. Normal
non-chlorinated tap water was used to maintain the
leeches in the laboratory by changing the leeches’
container water every three days.
In addition, deionised water was used to keep the
leeches in order to examine the impact of this water on
the HM concentrations as well as perform a comparison
with normal water.
Every three days, the water used for keeping the
leeches in the laboratory was changed and replaced
with normal non-chlorinated tap water/deionized
water. Post three weeks of normal water washing,
leeches’ tissue, leeches’ saliva, and leeches’ water
samples were prepared and labelled as LTn, LSn and
LWn respectively. Similarly, after three weeks of
deionized water washing, leeches’ tissue, leeches’
saliva, and leeches’ water samples were prepared and
labelled as LTd, LSd and LWd respectively. All samples
were prepared in triplicate to ensure lower error value.

Table 1. Recovery of metals in standard reference materials.
Element
Certified Value ppm
Cd
0.299±0.018
Cr
1.87±0.18
Mn
3.17±0.26
Ni
1.34±0.14
Pb
0.404±0.062
Se
3.54±0.40
Fe
343.00±20.00
Zn
51.60±2.80

The digested samples (tissues, saliva and water)
were cooled at room temperature and filtered with a
grade 1 Whatman filter paper in a volumetric flask, the
filtered residues were washed twice with 10 ml
deionized water and filtered, their volumes completed
to 50 ml using deionized water, and finally transferred
to a plastic containers maintained at 4°C until further
analysis.
Data Analysis
Student t test was performed to compare the
mean heavy metal concentration in control (wild
sample) with treated group (leeches under tap and
deionized water). Tukey’s post hoc test was used to
identify homogenous groupings. A Pearson productmoment correlation was run to determine the
relationship between the concentrations of heavy
metals in Lake water, leech tissue and leech saliva. PValue less than 0.05 was regarded statistically
significant. All Statistical analyses were performed using
the SPSS v.19 software package for Windows (SPSS Inc.,
USA).

Results
Table 1 shows the recoveries of analyzed certified
standard reference materials DORM-4 using the
developed analytical methods and digestion methods,
all metals showed recovery between 86.15% - 98.02%.
Lake Water
Concentration of HMs in the lake water are shown
in table 2. Table 2 also displays the concentrations of
HMs in tab water used for leech washing method and
the concentration limits of heavy metals in surface
water class II and class III according to INWQS.
The high concentrations of HMs observed in lake
water was associated with high concentrations of HMs
in both leeches’ tissues and saliva Figure 2. A Pearson
product-moment correlation was conducted to
determine the relationship between the presence of
heavy metals in lake water and leeches’ tissues and
saliva. There was a strong, positive correlation between
the concentrations of heavy metals in lake water and
leeches’ tissues, which was statistically significant
(r =.984, n=8, P=.000), as well as between the

Reported Value ppm
0.268±0.024
1.62±0.26
3.02±0.18
1.18±0.21
0.396±0.087
3.05±0.30
311.68±31.25
48.50±3.60

Recovery%
89.63
86.63
95.27
88.06
98.02
86.15
90.67
93.99
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Table 2. The mean concentration of heavy metals in lake and tap water.
Sample
Lake water
Tap water
INWQS II
INWQS III

Cd
5.40±0.13
2.02±0.03
10
10

Cr
350.50±16.21
46.36±3.278
50
1400

Mn
33.48±1.429
10.15±0.132
100
100

Means±SD
Ni
Pb
131.80±8.24 34.15±0.31
43.27±2.13
26.31±1.44
50
50
200
20

Se
6.05±0.36
0.18±0.09
10
250

Fe
1633.33±70.94
865±13.23
1000
1000

Zn
2125.20±5.11
1285.23±21.15
5000
400

Figure 2. Scatter plots showing the regression analysis between heavy metals concentrations in lake water, leeches’ tissues, and
leeches’ saliva.
Note: A, B, C regression analysis between heavy metals in lake water and leeches’ tissues, Lake water and leeches’ saliva and leeches’ tissues and
saliva consequently.

concentrations of heavy metals in lake water and
leeches’ saliva (r=.938, n=7, P=.002). Pearson correlation
has also showed a clear positive correlation between the
concentrations of heavy metals in leeches’ tissues and
leeches’ saliva (r=.932, n=7, P=.002).
Leeches’ Tissues
Table 3 shows considerable amounts of HMs in
leeches’ tissues. It also shows the heavy metals
concentrations after three weeks of successive washing
with normal/deionized water. Statistical analysis
showed significant reduction of heavy metal levels in the
leeches’ saliva in treated groups compared to the
control (P<0.05)
Leeches’ Saliva
Table 4 shows the HMs concentrations in the
leeches’ saliva of the control group and their
concentrations after three weeks of successive washing
of the leeches with non-chlorinated tap water /
deionized water. Statistical analysis showed significant
reduction of heavy metal levels in the leeches’ saliva in
treated groups compared to the control (P<0.05).

Discussion
The HMs concentrations in the lake water (the
nature habitats of leeches) were reported high against
the baseline data on Malaysian Interim National Water
Quality Standards (INWQS) (Huang et al., 2015) and
hence the habitat is classified as highly contaminated.
Substantial traces of HMs were observed in leech
saliva extract. However, compared to the nontreated
group, a considerable reduction in the concentrations of
HMs was detected in leech saliva extracts from the
treated groups (P<0.05). To date, no similar studies were
conducted before and hence the current report would
cause a substantial effect on nurturing awareness on the
public health sector and the impact would aid in evading
likely metal toxicity in leech therapy. Studies have
clearly shown anticancer properties of whole leeches’
saliva extract (Merzouk et al., 2012), and hence it is vital
to generate saliva extract free from toxic HM prior to
administration to humans. In this paper, it was clear that
the concentrations of HMs in the ambient environment
impacted the concentrations of HM in the saliva. With
successive water exchange, all studied HMs
concentrations were seen to reduce.
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A higher concentration of HMs is also present in
leeches’ tissues when compared with the saliva extract.
A strong positive correlation was found between the
tissues of leeches and the HMs concentration in the lake
water. However, with successive washing by using nonchlorinated tap water or deionized water, the HMs
concentration in the water lowered, resulting in
subsequent decreases in the concentrations of HMs in
leeches’ tissues. In this study, the metals accumulation
by leeches’ tissues was like other leech species
(Chornaya et al., 2018; Wang et al., 2015) as well as the
various freshwater organisms (Rosli et al., 2018; Anual,
et al., 2018; Yuan et al., 2020).
These days, in the cosmetic field, the leeches’
entire body is used to prepare creams and ointments by
disregarding the fact that there could be toxic HM traces
that may affect the skin (Arshad et al, 2020; Mohiuddin,
2019). For instance, arsenic, cadmium, and lead are
classified as class I elemental impurities (Zaidi., 2010)
and it is recommended for any medicine to be free from
those metals or contain the level prescribed by Food and
Drug Administration (FDA).

in rivers where leeches are present, and they would
immerse their feet in water in order to allow leeches to
suck the blood. However, a majority of those employing
leeches in traditional medicine think that the benefit
pertaining to leeches is limited to ‘sucking out the bad
blood’. In fact, it is known that a crucial part of the leech
therapy is what leeches inject back to our bodies.
Unfortunately, leeches do not always inject useful
materials only, but also harmful materials including
bacteria and -based on this study- heavy metals. It is a
known fact that majority of the aquatic organisms
ingested by humans are contaminated with HM, which
sometimes could be at a higher level versus the reported
values in this study. But what makes leeches different is
that leeches and leeches’ saliva have a direct contact
with human blood vessels which enables them to infuse
harmful heavy metals directly into the blood and cause
the damage. Employing the washing procedure or
controlling leeches’ ambient habitat would considerably
aid in minimising the concentration of metals in their
saliva as well as the tissues.

Ethical Statement
Conclusion
No applicable.
This study has shown that the leeches collected
from North east coast of peninsular Malaysia
(Terengganu) are polluted with heavy metals and hence
not ready for immediate application on patient skin.
Unfortunately, the medical use of leeches in Malaysia
and southeast Asia in general lacks to authorities’
control. Leech therapy is categorised under traditional
practice and thus local uneducated persons perform
these therapies in noncontrolled, nonsterile places.
Furthermore, some people practice self-leech treatment
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Table 3. The mean concentrations of heavy metals in tissues of leeches and the changes of concentration before and after washing.
Sample
LT
LTn
↑↓%
LTd
↑↓%

Cd
153.33±0.57
136.00±2.00
11.30
73.32±4.16
52.17

Cr
12933.33±288.67
8080.00±111.35
37.52
6680.00±69.28
48.35*

Mn
916.33±7.02
371.00±3.00
59.51*
353.00±2.32
61.47**

Means±SD
Ni
Pb
3512.00±116.80 980.00±11.27
1889.00±70.80
844.33±6.81
46.21*
13.84
947.00±3.06
74.67±0.97
73.03**
92.38**

Se
162.33±4.16
134.00±6.55
17.45
104.30±12.75
35.74

Fe
208660±2310
194670±2080
6.71
46603±50
77.65**

Zn
54400±303
22900±210
57.90*
23300±240
57.16*

Note: LT: leeches’ tissues before washing, LTn: leeches’ tissues after washing with non-chlorinated tap water, LTd: leeches’ tissues after controlled washing, ↑↓%:
decrease / increase percentage. SD was calculated based on three individual replicates. ‘* = P< 0.05’ and ‘** = P<0.001). Significant level was tested at 95% confidant
interval.

Table 4. The mean concentration of heavy metals in saliva of leeches and the changes of concentration before and after washing
Sample
LS
LSn
↑↓%
LSd
↑↓%

Cd
2.44±0.05
0.21±0.01
91.42**
0.01±0.01
99.70**

Cr
568.33±11.54
239.50±2.96
57.85*
244.66±14.11
56.94*

Mn
14.16±0.18
5.31±0.10
62.06*
9.15±0.10
35.41

Means±SD
Ni
Pb
241.80±4.93
40.65±0.13
130.85±1.77
10.31±0.03
45.88*
74.62**
40.06±0.97
2.95±0.01
83.42**
92.73**

Se
ND
ND
ND
ND
ND

Fe
1228±11
580±86
52.78*
472.00±9.00
61.56*

Zn
455.00±5.00
425.00±10.00
6.59
420.00±5.00
7.69

LS: leeches’ saliva before washing, LSn: leeches’ saliva after washing with unchlorinated tap water, LSd: leeches’ saliva after controlled washing, ↓↑% decrease / increase
percentage. ND: lower than detection limit. SD was calculated based on three individual replicates. ‘* = P< 0.05’ and ‘** = P<0.001). Significant level was tested at 95%
confidant interval.
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