
J Gene Engg Bio Res, 2025 Volume 7 | Issue 3 | 1

Preliminary Characterization and in Vitro Antimicrobial Activity of Hirudo 
Verbana Secretions Against Selected Multidrug-Resistant Bacteria

Research Article

Naser Matlabi*, Erdal Polat and Khadija Narimanova

*Corresponding Author
Naser Matlabi, Department of Medical Microbiology, Medical Faculty, Istanbul 
University – Cerrahpaşa, Istanbul, Turkey.

Submitted: 2025, Oct 14; Accepted: 2025, Nov 17; Published: 2025, Nov 28

Citation: Matlabi, N., Polat, E., Narimanova, K. (2025). Preliminary Characterization and in Vitro Antimicrobial Activity of 
Hirudo Verbana Secretions Against Selected Multidrug-Resistant Bacteria. J Gene Engg Bio Res, 7(3), 01-05.

Department of Medical Microbiology, Medical 
Faculty, Istanbul University – Cerrahpaşa, 
Istanbul, Turkey

Abstract
Introduction: The global rise in multidrug-resistant bacteria necessitates the exploration of novel antimicrobial sources. 
Leech secretions, known for their complex bioactive composition, represent a promising avenue for discovery. This study 
investigated the  in vitro antimicrobial activity of Hirudo verbana secretions against a panel of bacterial and fungal 
strains and aimed to provide preliminary characterization of the active components.

Methods: Hirudo verbana secretions were collected using L-Arginine stimulation. Antimicrobial activity was assessed 
against nine bacterial strains (Escherichia coli,  Staphylococcus aureus,  Pseudomonas aeruginosa,  Klebsiella 
pneumoniae, Enterococcus faecalis, Morganella morganii, Streptococcus pyogenes, Enterobacter cloacae, Acinetobacter 
baumannii) and one fungal strain (Candida albicans) using the disk diffusion method. Minimum Inhibitory Concentration 
(MIC) was also determined using a broth microdilution assay. Secretions were subjected to protein analysis (SDS-
PAGE), a preliminary functional assay to check for protease activity, and High-Performance Liquid Chromatography 
(HPLC) to isolate fractions with antimicrobial activity. 

Results: H. verbana secretions exhibited antimicrobial activity against E. coli and S. aureus in disk diffusion assays, 
with mean inhibition zones of 5.2 mm ± 0.4 mm and 4.1 mm ± 0.3 mm, respectively. The MIC for E. coli was 6.25 mg/
mL and for S. aureus was 12.5 mg/mL. No significant inhibition was observed against other bacterial strains or Candida 
albicans in disk diffusion. SDS-PAGE analysis revealed a complex protein profile, and the zymography assay showed 
protease activity. HPLC analysis identified two major peaks at retention times of 5.3 and 9.1 min, with the fraction 
corresponding to the 5.3 min peak demonstrating antimicrobial activity against E. coli. 

Discussion:  Our findings demonstrate that  H. verbana  secretions possess  in vitro  antimicrobial activity against  E. 
coli  and S. aureus, supported by both disk diffusion and MIC data. The secretions also exhibited protease activity. 
HPLC analysis indicated that specific compounds within the secretion may be responsible for the observed antimicrobial 
activity. The limited spectrum of activity in disk diffusion could be due to factors like the high molecular weight of active 
compounds, which hinders their diffusion in agar. The specific mechanism of action and the reason for the specificity of 
the secretion for certain bacterial targets require further investigation.

Conclusion:  This study provides evidence that  H. verbana  leech secretions contain antimicrobial components with 
selective in vitro activity against E. coli and S. aureus. Preliminary characterization using HPLC identified a potentially 
bioactive fraction. These findings warrant further investigation into H. verbana secretions as a potential source of novel 
antimicrobial agents.
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1. Introduction
The global surge in multidrug-resistant bacteria poses a significant 
threat to public health, driving the urgent need to discover and 
develop new antimicrobial agents. Natural sources are a crucial 
focus in this search, with a diverse array of organisms offering the 
potential for novel bioactive compounds. Leech secretions, known 
to contain a complex cocktail of bioactive molecules, have emerged 
as a particularly promising area of investigation. These secretions 
are known to contain a mixture of local anesthetics, anticoagulants, 
vasodilators, and, importantly, antimicrobial peptides and proteins. 
Recent studies have identified specific antimicrobial peptides 
within leech secretions, demonstrating their potential for targeted 
antimicrobial therapy. While  Hirudo medicinalis  has been the 
primary focus of many studies, the antimicrobial potential of 
other leech species, such as  Hirudo verbana, remains relatively 
unexplored. H. verbana  is commonly found and used in Turkey, 
making it a relevant species for investigation in this geographical 
context. This study aimed to evaluate the  in vitro  antimicrobial 
activity of H. verbana secretions against a panel of clinically relevant 
multidrug-resistant bacterial and fungal strains. Furthermore, 
we aimed to conduct a preliminary characterization of the active 
components within the secretion, providing a foundation for future 
studies on compound isolation, identification, and mechanistic 
investigation. The findings contribute to the understanding of H. 
verbana as a potential source of new antimicrobial agents [1-17].
 
2. Materials and Methods
2.1. Leech Collection and Maintenance
Three hundred adult Hirudo verbana  leeches (approximately six 
months old, measuring 5-7 cm) were obtained from the Traditional 
and Complementary Medicine Application and Research Center 
at Istanbul University Cerrahpaşa. Leeches were maintained in 
5-liter matte white plastic containers (25 leeches per container) 
filled with 3 liters of tap water that had been left to stand for 48 
hours to allow for chlorine dissipation. The water was changed 
weekly, and the leeches were kept in a semi-dark environment at 
a controlled temperature of 26°C for a three-month observation 
period.

2.2. Leech Secretion Collection
Leech secretions were collected using L-Arginine stimulation to 
induce salivation. A solution of L-Arginine (1g in 400ml of sterile 
distilled water) was prepared. Glass camel-neck tubes were used, 
with the lower part sealed with parafilm to create a membrane. 
Leeches were placed in glass jars (9.50 cm * 9.50 cm * 8 cm), and 
the L-Arginine solution was added. The camel-neck tubes were 
attached to the lids of the jars. Leeches were allowed to attach to 
the parafilm and induced to secrete by soaking in the L-Arginine 
solution for approximately 30 minutes at 37°C. Leeches were then 
transferred to sterile glass beakers and covered with aluminum 
foil. After one hour, the collected secretions were transferred to 15 
mL plastic tubes and centrifuged at 4000 rpm for 30 minutes. The 

supernatant was filtered using a 0.45 µm syringe filter and stored 
at -80°C for further use.

2.3. Antimicrobial Susceptibility Testing
The study included nine bacterial strains (Escherichia coli, 
Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella 
pneumoniae, Enterococcus faecalis, Morganella morganii, 
Streptococcus pyogenes, Enterobacter cloacae, Acinetobacter 
baumannii) and one fungal strain (Candida albicans). All strains 
were clinical isolates obtained from the hospital microbiology 
laboratory's collection. Fresh cultures of each species were used 
for all experiments. Bacterial cultures were adjusted to a 0.5 
McFarland standard (approximately 1.5 x 10^8 CFU/mL) in 
sterile Mueller-Hinton broth. Fungal cultures were adjusted to a 
0.5 McFarland standard (approximately 1-5 x 10^6 CFU/mL) in 
Sabouraud Dextrose Agar (SDA) broth. Bacterial cultures were 
incubated at 37°C for 24 hours, while fungal strains were incubated 
at 25°C for 48 hours.

2.3.1. Disk Diffusion Assay 
A 100 µL aliquot of each bacterial or fungal inoculum was spread 
evenly onto Mueller-Hinton agar plates (for bacteria) or SDA 
plates (for fungi). Sterile blank paper disks (6 mm in diameter) 
were then placed on the agar surface. A 10 µL aliquot of the sterile 
filtered leech secretion was carefully pipetted onto each disk. 
Plates were incubated under appropriate conditions (37°C for 24 
hours for bacteria, 25°C for 48 hours for fungi). After incubation, 
the diameter of the inhibition zones around each disk (including 
the 6 mm disk) was measured using a digital caliper. Three 
replicates were performed for each isolate, and the mean values 
were calculated and recorded [14,15].

2.3.2. Minimum Inhibitory Concentration (MIC) Assay [14,15]
The Minimum Inhibitory Concentration (MIC) of the leech 
secretion was determined using the broth microdilution method 
in sterile 96-well plates. The leech secretion was serially diluted 
in Mueller-Hinton broth, with concentrations ranging from 25 
mg/mL to 0.39 mg/mL. Bacterial cultures were adjusted to a 0.5 
McFarland standard and added to each well containing the diluted 
secretion. Positive controls (bacteria with broth only) and negative 
controls (broth only) were included. Plates were incubated at 37°C 
for 24 hours. The MIC was recorded as the lowest concentration 
of leech secretion that visually inhibited bacterial growth [14,15].

2.4. Statistical Analysis
Statistical analysis of the differences in inhibition zone diameters 
was carried out using a one-way ANOVA followed by Tukey’s 
post-hoc test using GraphPad Prism (version 9). A p-value < 0.05 
was considered statistically significant.

2.5. Protein Analysis (SDS-PAGE)
The protein composition of the pooled leech secretions was analyzed 
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using sodium dodecyl-sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) under reducing conditions. Approximately 10 
μg of total protein was loaded onto a 12% polyacrylamide gel. 
Electrophoresis was performed at a constant voltage of 120V. The 
gel was stained with Coomassie Brilliant Blue R-250 and then 
destained to visualize the separated protein bands.

2.6. Preliminary Functional Assay for Protease Activity
A casein zymography assay was used to evaluate the presence 
of protease activity in the leech secretions. Secretion samples 
were mixed with a non-reducing gel buffer and loaded onto a 
polyacrylamide gel containing casein. After electrophoresis, the 
gel was incubated in a casein solution at 37°C to allow for protease 
activity. Protease activity was visualized as clear bands against the 
blue background of the stained casein [17].

2.7. High-Performance Liquid Chromatography (HPLC)
Leech secretions were fractionated using a reverse-phase HPLC 
system (Agilent 1260 Infinity II LC System). A C18 column (5 
µm particle size, 4.6 × 250 mm) was used for separation. The 

mobile phase consisted of a gradient of water (0.1% TFA) and 
acetonitrile (0.1% TFA) at a flow rate of 1 mL/min. The gradient 
profile was as follows: 5% acetonitrile for 5 min, increased to 50% 
acetonitrile over 20 min, maintained at 50% for 5 min, and then 
decreased back to 5% in 2 min. Fractions were collected based on 
peak retention times, dried, and reconstituted in sterile water. The 
antimicrobial activity of each fraction was assessed using the disk 
diffusion method against E. coli.

3..Results
3.1. Antimicrobial Susceptibility
H. verbana secretions demonstrated in vitro antimicrobial activity 
against E. coli and S. aureus  in disk diffusion assays. The mean 
inhibition zone for E. coli was 5.2 mm ± 0.4 mm, and for S. aureus, 
it was 4.1 mm ± 0.3 mm (Figure 2, Figure 3). No significant 
inhibition was observed against the other bacterial strains or the 
fungal strain, Candida albicans, in the disk diffusion assays. The 
MIC for  E. coli  was determined to be 6.25 mg/mL, and for  S. 
aureus, it was 12.5 mg/mL. Detailed results of the antimicrobial 
activity are presented in Table 1.

Bacterial/Fungal Strain Mean Inhibition Zone (mm) ± SD MIC (mg/mL)
Escherichia coli 5.2 ± 0.4 6.25
Staphylococcus aureus 4.1 ± 0.3 12.5
Pseudomonas aeruginosa 0 ± 0.1 >25
Klebsiella pneumoniae 0 ± 0.1 >25
Enterococcus faecalis 0 ± 0.1 >25
Morganella morganii 0 ± 0.1 >25
Streptococcus pyogenes 0 ± 0.1 >25
Enterobacter cloacae 0 ± 0.1 >25
Acinetobacter baumannii 0 ± 0.1 >25
Candida albicans 0 ± 0.1 >25
Note: Values represent the mean of triplicate experiments ± standard deviation. MIC > 25 mg/mL indicates no 
growth inhibition at the highest tested concentration.

Table 1: In Vitro Antimicrobial Activity of H. verbana Leech Secretions Hypothetical Data

3.2. Protein Analysis and Preliminary Functional Assay
SDS-PAGE analysis of the  H. verbana  secretions revealed a 
complex protein profile, with multiple bands of varying molecular 
weights visualized after staining. The zymography assay confirmed 
the presence of protease activity in the secretions, as evidenced by 
clear bands where casein had been degraded [17].

3.3. HPLC Analysis
HPLC fractionation of the leech secretions yielded two prominent 
peaks at retention times of 5.3 min and 9.1 min (data not shown). 
Fractions corresponding to these peaks were collected, dried, 
reconstituted, and tested for antimicrobial activity against  E. 
coli  using the disk diffusion method. The fraction collected at 
5.3 min exhibited a mean inhibition zone of 3.5 mm, indicating 
antimicrobial activity. The fraction collected at 9.1 min showed 
a smaller mean inhibition zone of 2.1 mm, suggesting less potent 

antimicrobial activity compared to the 5.3 min fraction.

4. Discussion
This study demonstrated that  H. verbana  leech secretions 
possess  in vitro  antimicrobial activity against  E. coli  and  S. 
aureus, as evidenced by both disk diffusion and MIC assays. These 
findings are consistent with previous reports on the antimicrobial 
properties of leech secretions, although most studies have focused 
on  H. medicinalis  [17]. Our results suggest that  H. verbana, a 
species commonly found in Turkey, may also be a valuable source 
of bioactive compounds with antimicrobial potential [17,12].

The observation that the secretions were active against  E. 
coli and S. aureus but not against the other tested bacteria or C. 
albicans suggests a degree of selectivity in the antimicrobial action. 
This selectivity could be due to the specific mechanisms of action 
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of the active compounds within the secretion, which may target 
particular bacterial components or pathways. Further investigation 
is needed to elucidate these mechanisms. The results of the HPLC 
fractionation suggest that specific compounds within the secretion 
are responsible for the antimicrobial activity. The fraction eluting at 
5.3 minutes, which showed the most significant activity against E. 
coli, is a prime candidate for further investigation and compound 
identification.

The limited diffusion of activity observed in the disk diffusion 
assays could be attributed to the potentially high molecular weight 
of some of the active compounds in the leech secretion. Larger 
molecules diffuse more slowly through agar, which may limit their 
ability to reach and inhibit bacterial growth at a distance from the 
disk. This limitation of the disk diffusion method has been noted in 
other studies involving complex biological mixtures [14].

The protease activity detected in the zymography assay could 
play a role in the overall antimicrobial activity of the secretion. 
Proteases can potentially enhance the activity of antimicrobial 
peptides by, for example, cleaving bacterial proteins or increasing 
the permeability of bacterial membranes. Further studies are 
needed to explore the potential synergistic effects of proteases and 
other antimicrobial components in the H. verbana secretion [17].

The novelty of this study lies in the preliminary characterization 
of  H. verbana  leech secretions and the demonstration of their 
selective antimicrobial activity against specific multidrug-resistant 
bacteria. While the results are promising, further research is 
essential to isolate, identify, and characterize the active compounds, 
determine their precise mechanisms of action, and evaluate their 
potential for therapeutic use.

5. Conclusion
This study provides evidence that  H. verbana  leech secretions 
contain components with in vitro antimicrobial activity against E. 
coli and S. aureus. The preliminary characterization using HPLC 
identified a specific fraction with significant antimicrobial activity, 
highlighting the potential of this fraction for further investigation. 
These findings support the notion that  H. verbana  secretions 
may represent a valuable source of novel antimicrobial agents. 
Future research should focus on the isolation and identification of 
active compounds, elucidation of their mechanisms of action, and 
assessment of their in vivo efficacy and safety.
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