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Introduction
Recently, it was discovered that free radicals-mediated oxidative 

stress can seriously influence the structure and function of tissues, 
cells and their components involving DNA, enzymes, lipids and 
carbohydrates. Consequently, these effects lead to irregular biological 
events such as lipid peroxidation byproducts, DNA fragmentation 
and even accelerated cell death. The progressive accumulation of these 
products will result in various diseases: cardiovascular diseases, cancer, 
neuropathy disorders, and so forth [1,2]. 

Antioxidant is a substance capable of frustrating or restricting the 
oxidation of other oxidizable molecules by suppressing the free radical-
caused oxidation chain reaction. Antioxidants exhibit their activities 
by being involved in the oxidation process themselves rather than the 
biological targets [3]. 

On the other hand, antioxidants have gained a remarkable interest 
by scientists because of their valuable potential application in medicine 
and industry. They have very promising applications as prophylactic 
and therapeutical agents for many life-threatening illnesses [4]. Some 
reports suggested that people who routinely intake flavonoid from tea, 
fruits and vegetables are at lower risk of developing coronary heart 
diseases and stroke [5]. Hence, the affectivity of antioxidants in diseases 
preventing and treatment is still controversial [1]. 

As far as we know, there is lack of documented data about the 
antioxidant activity of leech salivary gland secretion or any usage of 
leech therapy as antioxidant agent. Thus, we aimed from the current 
study to evaluate the free radical scavenging activity of the proteomic 
contents of the salivary gland secretion of the medicinal Malaysian 
leech, Hirudinaria manillensis.

Materials and Methods 
Chemicals, Reagents and instrumentation 

Methanol (MEOH) was the product of Fischer Scientific (USA). 
L-Ascorbic acid was purchased from Calbiochem (Canada). Arginine 

hydrochloride, bovine serum albumin (BSA) and DPPH (2,2-Diphenyl-
1-picrylhydrazyl) was obtained from Sigma Aldrich (Germany). 
Sodium chloride (NaCl) was from Merck (Germany). Bradford reagent 
kit was obtained from Amresco (USA). 

Infinite M200, NanoQuant TECAN multi detection microplate 
reader was the product of TECAN (USA). Centrifugation was carried 
out using centrifuge Hettich Zen Trifugen Universal 32R (Germany). 
Lyophilization was performed using Christ freeze-drier model Alpha 
1-4LD (Germany). 

Leech sampling and saliva collection 

Leeches, Hirudinaria manillensis, were collected from the natural 
lake, Cheneh, located in Trengganu, Malaysia. They were maintained 
in well-aerated plastic containers filled with un-chlorinated tap water. 
Water was regularly changed every two days. The collected leeches 
were kept in a room under 12h:12h light and dark cycle at the room 
temperature (25 ± 1°C). 

Leech saliva extract (LSE) was collected as previously described 
[6]. Starved leeches were fed on the phagostimulatory solution (PHS) 
of 0.001 M arginine in 0.15 M sodium chloride through parafilm 
membrane. Only the colorless salivary fluids vomited by the 69 
leeches were pooled and centrifuged at +4°C and at 2500 rpm for 10 
min [7] and the 70 supernatant was filtered using 0.45 µm Sartorius® 
filter paper. The resultant LSE was aliqouted in 1-ml galss tubes and 
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Abstract
Antioxidants from natural sources have been arisen as prophylactic and therapeutical agents in many life- 

threatening disorders such as cancer and cardiovascular diseases. Leech therapy has been used since the extreme 
old ages in a variety of abnormalities. The current study was executed to examine the antioxidant activity of the 
salivary gland secretion of the medicinal Malaysian leech using DPPH free radical scavenging activity method. 
Leech saliva extract (LSE) was collected from starved leeches after feeding them on the phagostimulatory solution 
of 0.001M arginine in 0.15 M sodium chloride. Total protein concentration was 78.753 ± 2.406 µg/ml. A series of 
different dilutions of LSE were mixed with DPPH in a methanolic medium and the changes in absorbance were 
measured at 516nm. Results showed that LSE expressed a free radical scavenging activity with IC50 of 7.282 µg/ml 
compared with 5.803 µg/ml of L-ascorbic acid as a positive control. Therefore, this study revealed that the proteomic 
contents of LSE are promising natural antioxidants. 
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lyophilized for 24h. The resultant lyophilized LSE was used during the 
experimental procedures. 

Total protein estimation 

Total protein concentration assay was executed as described by 
Bradford (1976) and the standard protocols of Bradford reagent kit [8] 
using BSA as a standard protein and the PHS as a blank. 

Free radical scavenging activity 

Antioxidant activity was measured by the method of Blois (1958) in 
terms of radical scavenging ability using DPPH method in a methanolic 
medium [9-11]. 

The lyophilized LSE was dissolved in MEOH yielding a 3-time 
concentrated LSE, and the resultant methanolic solution was termed 
as 3×mLSE. Volumes of 100 µl of serial double-fold dilutions of the 
3×mLSE were pipetted into 96-well plate. Then, all volumes were 
brought to a final volume of 300 µl by MEOH. Then, 15 µl of methanolic 
DPPH solution 84 (0.002 M) was added and the A516 were taken after 
15min. the same procedure were performed using serial step-wise 
dilutions of L-ascorbic acid (50 µg/ml) in methanol as a positive 
control. The PHS was used as a negative control. Finally, a volume of 
15 µl of DPPH was added to 300 µl of MEOH and A516 was measured 
immediately as a control reading. The free radical scavenging activity 
(%antiradical activity) was estimated from the equation: 

%antiradical activity
Control absorbance Sample absorbance 100

Control absorbance

=
−

×

All measurements were repeated in triplicates, and the mean ± 
standard error of the mean (SEM) was considered. The concentration 
of ascorbic acid and the LSE proteins ( µg/ml) that required for 
scavenging 50% of DPPH (IC50) was estimated from the curve resulted 
from plotting % antiradical activity against the concentrations ( µg/ml). 
Plots were carried out using Four Parametric Logistic Equation using 
Sigma Plot 11.0 software. 

Results 
LSE collection and total protein estimation 

The total volume of LSE collected from the starved leeches was 20ml. 
Bradford assay (Figure 1) revealed that the collected LSE contained a 
total protein concentration of 78.753 ± 2.406 µg/ml. Consequently, the 
total protein concentration of the extract used during the experiment, 
3×LSE, was 236.259 µg/ml. 

Free radical scavenging activity 

Results (Figure 2a and 2b) showed a dose dependent free radical 
scavenging activity of LSE with IC50 of 7.282 µg/ml. Similarly, L-ascorbic 
acid was found to be a free radical scavenger with IC50 of 5.803 µg/ml. 

Discussion 
Results presented in this study illustrated that LSE from the 

medicinal Malaysian leech had a free radical scavenging activity in 
a dose dependent manner. According to our knowledge, we are the 
first who enlightened the antioxidant activity of leech salivary gland 
secretion. The antioxidant activity of LSE can be explained based on the 
definition of DPPH free radicals and the methods by which these free 
radicals could be scavenged. 

Generally speaking, oxidation reaction series includes three steps: 
induction, propagation and termination [12]. These progressive 
complex reactions terminate when two free radicals react with each 
other forming more stable non-radical products. On the other hand, 

Figure 1: The standard curve for total protein estimation of LSE performed 
according to Bradford assay. All results are the mean of triplicates ± standard 
deviation (SD). Y=0.002X+0.020, where: X= BSA concentration (µg/ml) and Y= 
absorbance at 595nm, R2=0.981.
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Figure 2: Dose responsive curve of DPPH free radical scavenging activity of LSE 
(A) and L-ascorbic acid (B). All measurements were repeated in triplicates, and 
the mean ± standard error of the mean (SEM) was considered. 
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hydrogen donor molecules (AH) can stop oxidation when hydrogen 
atom (H˙) binds the reactive free radicals. On the other hand, 
antioxidants are chemical compounds which have the capability 
of stopping the oxidation events by acting at different levels of the 
three-step chains. They can restrain the generation of free radicals. In 
addition, they can block propagation by many proposed mechanisms 
including scavenging reactive species, breaking the chain reaction, etc. 
[13]. 

Likewise, the methanolic solution of DPPH can generate stable free 
radicals which can initiate redox reaction chains producing oxidation 
by-products [14]. In the presence of 123 antioxidants (AH), hydrogen 
atoms (H˙) would bleach the free radicals (DPPH˙). Consequently, 
scavenging of free radical would result in interrupting both chain 
initiation and propagation [12,14]. 

In our study, LSE exhibited a free radical scavenging activity. This 
activity could be ascribed to many suggested factors. First, it has been 
reported that the aromatic and phenolic rings play the role of (H˙) 
donor to the reactive free radicals. After hydrogen atom donation, these 
rings become also radicals which would be stabilized by resonance 
delocalization of the electron within the aromatic ring. Many phenol-
containing natural antioxidants, such as flavonoids, exhibit their 
activity in this manner [13]. Thus, we can suggest that the proteomic 
contents of LSE donate (H˙) via the phenolic and aromatic rings of the 
amino acids included in their structure. For example, Phe was found 
to be an important component in the structure of the tetra-peptidic 
antioxidant purified from the viscera protein of horse mackerel fish 
[15]. 

Second, the enzymatic formation of thiol groups (-SH) from 
disulfide bonds (-S-S-) is considered one of the cellular antioxidant 
mechanisms. The reaction between thiol groups and free radical 
produces thiyl radicals (RS˙) which will be stabilized by gaining (H˙) 
or by forming covalent adducts [16]. Thus, we can postulate that (-SH) 
groups in cysteine (Cys) rich proteins in LSE could play an important 
role as antioxidant. This assumption could be 140 supported by the 
previously proved importance of Cys in antioxidant peptides. This 
antioxidant ability of Cys was referred to its hydrophobicity which 
enables it to interact easily with free radicals as a proton donor [17], 
like the tetra-peptidic antioxidant (Ala-Cys-Phe-Leu) isolated from the 
viscera protein of horse mackerel fish [15]. 

Third, some amino acids (His, Pro, Cys, Tyr, Trp, Phe and Met) 
were reported as crucial elements to elucidate the antioxidant activity 
of peptides due to their hydrophobic properties. The existence of 
such amino acids enhances peptide solubility in lipid and proton 
donation [17,18]. For instance, three antioxidant peptides containing 
hydrophobic amino acids were isolated from water buffalo horn [19]. 
Our suggestion is the presence of such amino acids in the primary 
structure of the proteomic contents of LSE may responsible for the free 
radical scavenging activity of leech saliva. 

To be considered, the extraordinary combination between the 
antithrombin activity of 152 LSE we have previously described [6] 
and the antioxidant activity of the medicinal Malaysian LSE makes 
it a promising medication in cardiovascular diseases (CVDs). It was 
already proved that the direct thrombin inhibitor, hirudin, extracted 
from the salivary gland 155 secretion of the medicinal leech H. 
medicinalis had prophylactic and therapeutical applications in various 
CVDs like heparin-induced thrombocytopenia, pulmonary embolism, 
etc. [20,21]. Furthermore, some physicians argued that antioxidants 

have potential protective 158 effects against developing cardiovascular 
events. For example, the oxidized LDL has 159 damaging effects on the 
endothelial cells which eventually lead to atherosclerosis. In addition, 
oxidized LDL antibodies were considered as a risk factor in myocardial 
infarction. 

However, the natural antioxidants act as scavengers of the free 
radicals and preventing fatty acid oxidation [22]. 

Conclusion 
The outcomes of the current research outlined that the salivary 

gland secretion from the medicinal Malaysian leech, H. manillensis, 
had a significant free radical scavenging activity making it a novel 
therapeutic and prophylactic tool in the treatment of various ailments. 
However, more extensive studies still are needed to unveil the active 
compounds. 
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