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Abstract

In the present study it was aimed to determine the acute toxicity of zinc on southern medicinal leech Hirudo verbana
Carena, 1820 that is used in ecotoxicological studies. The experiment was conducted for 96 hours using the semi-static
bioassay method with replicate two times. The leeches were exposed to zinc concentrations of 6.25 mg/L, 12.50 mg/L, 25
mg/L, 50 mg/L, 100 mg/L and 200 mg/L, respectively. As a result of the experiment, the LCs, values for 24, 48, 72, and 96
hours were determined 48.30 mg/L, 19.68 mg/L, 15.48 mg/L, and 14.12 mg/L, respectively. The LTs, values for 25 mg/L, 50
mg/L, 100 mg/L and 200 mg/L zinc concentrations were determined 38.63 hours, 24.55 hours, 14.62 hours, and 12.78 hours,
respectively. Defecation, intensive mucus output, uncontrolled swimming, attempt to escape from the experiment media,
reducing the cling power, coiling (buckling), vomiting the digestive blood, the body deformations, penile prolapse,
hemorrhage, and abrasion in the wall of the body were the main physiological and behavioral responses in the leeches which
were exposed to the different zinc solutions. The data obtained revealed that the zinc sensitivity of H. verbana was moderate
when compared to other organisms. It is expected that the data of the present study will contribute to the management of
endangered medicinal leech populations.

Keywords: heavy metal, bioassay, mortality, LCsq, LTs.
Cinkonun Giiney Tibbi Siiliigii Hirudo verbana Carena, 1820 Uzerine Akut Toksisitesi
Ozet

Bu ¢aligma ile ¢inkonun ekotoksikolojik ¢aligmalarda kullanilmakta olan giiney tibbi siiliigii Hirudo verbana Carena,
1820 {lizerine akut toksisitesinin belirlenmesi amaglanmustir. Deneme 96 saat siireli yari statik biyodeney yontemiyle iki
tekerriirli yirtitillmiistiir. Bu amagla, siliikler 6,25 mg/L, 12,50 mg/L, 25 mg/L, 50 mg/L, 100 mg/L ve 200 mg/L’lik ¢inko
konsantrasyonlarina maruz birakilmistir. Deney ve hesaplamalar sonucunda LCsy degerleri 24, 48, 72 ve 96. saatler igin
sirastyla 48,30 mg/L, 19,68 mg/L, 15,48 mg/L ve 14,12 mg/L olarak belirlenmistir. 25 mg/L, 50 mg/L, 100 mg/L ve 200
mg/L konsantrasyonlari i¢in belirlenen LTsy degerleri sirasiyla 38,63 saat, 24,55 saat, 14,62 saat ve 12,78 saat olarak
hesaplanmustir. Cinkoya maruz kalmis siililklerde diskilama, asirt mukus ¢ikisi, kontrolsiiz yiizme, ortamdan uzaklagsma
girigsimleri, tutunma giicliniin zayiflamasi, kivrilma (burkulma), sindirilmis kanin kusulmasi, viicutta olusan deformasyonlar,
erkeklik organimin diga sarkmasi, hemoraji ve viicut duvarinda aginmalar baslica fizyolojik ve davranigsal tepkileri
olusturmustur. Elde edilen veriler, diger organizmalarla kiyaslandiginda H. verbana tiiriiniin ¢inko duyarhiliinin orta
diizeyde oldugunu ortaya koymustur. Bu c¢alismada elde edilen verilerin nesli tehlike altinda olan tibbi siiliik
popiilasyonlarinin yonetimine katki saglamasi beklenmektedir.

Anahtar Kelimeler: agir metal, biyodeney, mortalite, LCsp, LTs.

INTRODUCTION

Medicinal leeches have been used to treat some diseases of both humans and animals in both
traditional and modern medicine, as well as in veterinary (Godekmerdan et al., 2011; Mumcuoglu,
2014; Sobczak and Kantyka, 2014). The enzymes secreted by medicinal leeches are used in the
production of some drugs and cosmetic products (Ayhan and Mollahaliloglu, 2018; Lemke and
Vilcinskas, 2020; Shakouri and Wollina, 2021). Medicinal leeches play some important roles in
aquatic ecosystems (Ceylan et al., 2015); however, because of over-collection and habitat destruction,
medicinal leech populations have been weakening day by day in many wetlands (Saglam, 2011;
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Ceylan and Cetinkaya, 2017, Saglam, 2018). It is a necessity, therefore, to take protective measures
for the sustainable management of medicinal leech populations.

Heavy metals affect both environments and organisms (Mishra et al., 2019) causing toxic effects
(Tchounwou et al., 2012). Aquatic toxicology has increasing importance for aquatic ecosystems as
well as for all organisms. Research in this field has now become a necessity (Cetinkaya, 2005).

The heavy metals lead to an activity decreases in invertebrates (Wicklum et al., 1997). Zinc, as an
essential trace element for all organisms (Eisler, 1993; Salgueiro et al., 2000), is a heavy metal found
in the highest concentrations in wastewaters of the majority of the modern industrialized societies
(Boardman and McGuire, 1990), and its concentration is increasing due to the effects of both natural
and anthropogenic factors (Ozkul, 2008). The erosion of the rocks in the earth's crust, the wastewater
originated the industrial and urban discharges, and mining activities are the main sources of zinc in
natural waters (Sonmez and Cetinkaya, 2003; Kori-Siakpere and Ubogu, 2008). The discharge of high
zinc concentrations in aquatic ecosystems causes a decrease in the number of individuals of many
species of macro-invertebrates including the leeches (Willis, 1979). Zinc leads the aquatic organisms
to death with its cytotoxic effect (Kodama et al., 1982), as well as the acid-base balance and due to the
negative effects on the regulation of ions (Senthil Murugan et al., 2008). Because medicinal leeches
are among the endangered species (Saglam, 2011; Saglam et al., 2018; Ceylan, 2020; Kvist et al.,
2020), determining the toxicologic limits becomes important to maintain sustainable management.

The southern medicinal leech, Hirudo verbana is used in various toxicological and
pharmacological studies due to its sensitivity and easy housing features in laboratory conditions. It, as
well as being a sensitive organism for ecotoxicological studies, is being used in the studies carried out
in neurobiological, neuroethological, physiological, histological, microbiological fields and in many
engineering disciplines (Petrauskiené, 2008a). The chronic lethal effects of zinc, copper, and their
mixtures to medicinal leech Hirudo verbana were investigated by Petrauskiené (2008b). Although
there is data on the chronic lethal effects, the acute toxicity of zinc and on H. verbana and the
physiological and behavioral changes of the leeches belonging to the H. verbana that are exposed to
the zinc is not known. It was aimed to reveal these yet unstudied data with the present study.
Considering that southern medicinal leech, H. verbana is endangered and its populations are
weakening day by day in both Europe and Turkey, it is hoped that data obtained will contribute to the
management policies of the medicinal leech populations in nature and fill the gap in the literature.

MATERIALS and METHODS
Leeches

The study was conducted using a total of 112 medicinal leeches Hirudo verbana Carena 1820 that
bred in the medicinal leech production unit of Egirdir Fisheries Research Institute, Turkey. The
bodyweight of leeches was determined as 3.01 + 0.09 g. The leeches were assigned randomly to the
experimental group, and it was confirmed that the weight of leeches in the experimental group was
normally distributed (P > 0.05).
Toxicity test

ZnS0,.7H,0 (Merck) was used as the toxicant in the experiment. The toxicity test was conducted
using the standard method that was applied by Cetinkaya (2005) and Petrauskiené (2008b). The stock
solution was prepared by using distilled water. The Zn** trial concentrations were prepared in different
7 doses of 0.00 mg/L, 6.25 mg/L, 12.50 mg/L, 25.00 mg/L, 50.00 mg/L, 100.00 mg/L and 200.00
mg/L by taking from the stock solution. The leeches were placed as 8 individuals with two replications
into the 5L pet jars, filled with the solutions prepared in the concentrations. The jars were closed to
prevent the leeches from moving away from the test environment. The experiment was performed
using the semi-static test, the groups of controls and treatment concentrations were renewed at
intervals of 24 hours, and the experiment was continued for 96 hours. The reactions of the leeches and
mortality were recorded (Cetinkaya, 2005).

The temperature, dissolved oxygen concentration, pH, alkalinity (CaCO3), total water hardness
(CaCOy), and electrical conductivity were measured as 19.3 °C, 5.72 mg/L, 7.80, 242 mg/L, 350
mg/L, and 460 puS/cm, respectively.
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Statistical analyses

LCso values for 24 hours, 48 hours, 72 hours, and 96 hours and the LTs, values for each calculable
concentration, within the 95% confidence limits, were determined using the Probit Regression analysis
using IBM SPSS Statistics version 25.0 for Windows package software (IBM Corp., Armonk, NY,
USA) (Lei and Sun, 2018; Navarrete et al., 2021).

RESULTS

Except for the defecation at the beginning of the experiment, it wasn’t observed abnormal behavior,
reaction, and death in the leeches of the control group and the 6.25 mg/L concentration during the
study. In addition to the defecation, the common responses of the leeches in 12.50 mg/L and the higher
concentrations were uncontrolled swimming, excess mucus secretion especially in the suckers (Figure
1 and Figure 2), vomiting blood (Figure 3), weakening of the grip strength in suckers, twisting, the
deformations in the body (Figure 4 and Figure 5¢), hemorrhage both on and surround of male genital
organs and penile prolapse (Figure 6), hemorrhage in different parts of the body (Figure 5a, Figure 6a,
Figure 7 and Figure 8), and wearing on the body walls (Figure 5b).

No death has been recorded in control and 6.25 mg/L groups during the experiment. It is observed
that all leeches died in 25, 50, 100, and 200 mg/L concentration groups and, while 5 of 16 leeches died
in the 12.50 mg/L concentration group.

LCs values for 24 hours, 48 hours, 72 hours and 96 hours were 48.30 mg/L, 19.68 mg/L, 15.48
mg/L and 14.12 mg/L, respectively. It is noted a decline in the LCsy values as long as the zinc
exposure time is extended. The LCs, values and 95% confidence limits determined in the zinc acute
toxicity test were presented in Table 1.

Figure 1. Excessive mucus secretion in the anterior Figure 2. Excessive mucus secretion in the posterior
sucker sucker

Figure 3. Blood vomiting observed in the 45" minute  Figure 4. Morphological deformation in the anterior
of the experiment in 50 mg/L Zn** concentration part of the leech
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Figure 5. Hemorrhage in the ventral region of the Figure 6. Hemorrhage on and around the male genital
leeches (a), wearing on the body wall (b), and organ of H. verbana (a) and prolapse of the male
deformation occurring in the anterior part (c) genital organ (b)

Figure 7. Hemorrhage on anterior sucker of H. verbana

Table 1. LCs, values and 95% confidence limits in zinc acute toxicity test in medicinal leech, H. verbana.

Time (hour) LCs, (Mg/L) 95% confidence limits (hour)
24 48.30 14.81 - 66.92
48 19.68 14.89-22.19
72 15.48 12.86-19.15
96 14.12 11.75-17.66

It was observed that LTs, durations were shortened depending on the increased concentrations. LTs
values were determined for 25 mg/L, 50 mg/L, 100 mg/L and 200 mg/L as 38.63 hours 24.55 hours

14.62 hours and 12.78, respectively. LTs, values and 95% confidence limits for these values are given
in Table 2.

Table 2. LTsp values and 95% confidence limits determined in zinc acute toxicity test in medicinal leech,

H. verbana.
Concentrations (mg/L) LTso (hour) 95% confidence limits (hour)
25 38.63 36.72 - 40.87
50 24.55 23.90 - 25.23
100 14.62 13.68 - 15.78
200 12.78 12.00 - 13:80
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DISCUSSION

The leeches were exposed to 0.00 mg/L, 6.25 mg/L 12.50 mg/L, 25.00 mg/L, 50.00 mg/L, 100.00
mg/L and 200.00 mg/L zinc concentrations in the present study. The observed behavioral changes and
abnormalities occurring in the bodies and deaths are recorded during this experiment continued for 96
hours.

Petrauskiene (2008b) investigated the chronic effects of zinc, copper, and their mixtures on
medicinal leech H. verbana and given the LCs, values for periods ranging from 48 hours to 30 days.
LCs values were found 19.68 mg/L and 14.12 mg/L, respectively for 48 hours and 96 hours in our
study, however, in the mentioned study these values were 33.94 mg/L and 15.83 mg/L, respectively. It
is thought that the differences might be caused by the water quality of the test solution (ion
concentration, pH, water temperature, etc.) and the size of the leeches.

Saglam and Sahin (2006) investigated the acute toxicity effect of copper sulfate (CuSO,5H,0) on
medicinal leech H. medicinalis. The LCs, values for 12 hours, 24 hours, 48 hours, 72 hours and 96
hours were found to be 0.2093 mg/L, 0.0878 mg/L, 0.0444 mg/L, 0.0261 mg/L and 0.0044 mg/L,
respectively. The LTs, values for the 0.025, 0.05 and 0.1 mg/L concentrations were found to be
60h:10min, 34h:03min and 24h:15min, respectively. Considering the LTs, values in 96 hours, the toxic
effects of copper sulfate for medicinal leeches seem to be higher compared to zinc.

According to the previous studies, the LCs, values vary over a wide range, the results of the
previous acute toxicity studies on some aquatic organisms are presented in Table 3.

Table 3. LCs, values in some aquatic organisms regarding zinc toxicity by comparing with the present study.

Species 96 h LCsg 48 h LCsq 24hLCsy References
Salmo gairdneri 1.9-3.0mg/L - - 1HS;)7I(éombe and Andrew,
Mytilus edulis 20.8 mg/L - - Hietanen et al., 1988
Chalcalburnus tarichi 16.02 mg/L 17.13mg/L  17.09 mg/L ggg?ez and Cetinkaya,
Capoeta fusca 102.9 mg/L - - Ebrahimpour et al., 2010
Pagrus major 10.1 mg/L 4.3 mg/L - Huang et al., 2010
Oreochromis niloticus 72.431 mg/L - - Egiinyejlaku and Obiakor,
Atherina boyeri - - 1.768 mg/L  Bulutetal., 2013
Acipenser transmontanus  0.150 - 0.625 mg/L - - Vardy et al., 2014
Branchiura sowerbyi 0.97 £0.07 mg/L - - Lobo et al., 2016
Tubifex tubifex 8.7+ 0.84 mg/L - - Lobo et al., 2016
Percocypris pingi 2.852 mg/L 2.933mg/L  3.504 mg/L  Zengetal., 2018
H. verbana 15.83 mg/L 33.94 mg/L - Petrauskiene, 2008b

' 14.12 mg/L 19.68 mg/L.  48.30mg/L  The present study

Regarding the data given in Table 3, H. verbana is more resistant to zinc compared to silver fish,
rainbow trout, Japanese seabream, white sturgeons, and tubificid worms, which to have the same
sensitivity as pearl mullet and seems to be more sensitive compared to other species. This indicates
that H. verbana has moderate sensitivity to zinc.

The initial responses of the leeches exposed to the zinc were defecation, excessive mucus secretion,
and uncontrolled swimming. Defecation was the reaction that occurred in the first 10 minutes of the
experiment, whereas uncontrolled swimming and excessive mucus secretion occurred in the first 20
minutes. The mucus secretion in the leeches exposed to the zinc concentration of 200 mg/L was
transparent gel consistency; however, turned into red in jelly consistency when the leeches vomit
digested blood. The examination was made on the dead leech from an external perspective, after
removing them from the zinc solution. It was observed the presence of mucus strongly attached to the
anterior and posterior suckers of some leeches (Figure 1 and Figure 2). In case of solution replacement
made at 24-hour intervals, certain responses were not observed such as defecation, excessive mucus
secretion, and uncontrolled swimming. Petrauskiené (2005) reported that the most sensitive responses
of the leeches treated with crude oil were mobility and avoidance from the environment. Saglam and
Sahin (2006) stated that the mucus secretion was more intense in anterior and posterior suckers.
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The leeches had difficulty taking hold with their suckers and then fell to the bottom of the jars and
began twisting movements in 200 mg/L concentration, especially within 30 minutes at the beginning
of the experiment. It was recorded that their twisting movements were intensified on the bottom of the
container after 40 minutes of the experiment beginning, and in continuation of this movement the
leeches have lost the integrity of their body form and certain permanent deformations have occurred
(Figure 4 and Figure 5c). Petrauskiené (2005) being consistent with our observation, reported that the
body form of the medicinal leech H. medicinalis treated with crude oil changes due to the continuous
contraction and relaxation of the muscles in certain segments. The deformation on the body walls of
the leeches occurred also in another toxicity study made with copper (Kutlu et al., 2010).

The incidence of hemorrhage in the experiment was listed as follows: the anterior sucker (67%),
the ventral region of the body (61%), male genital organs (32%), and posterior sucker (29%). Saglam
and Sahin (2006) reported that the hemorrhage occurred in different body parts of the leeches exposed
to copper sulfate.

The toxicological studies performed with leeches became restricted due to the significant decrease
in natural leech populations, therefore the cultivated leeches should be used for these studies
(Petrauskiene, 2004). In the toxicity studies to be done, it would not be appropriate to use the rare
species and reduce the required number of the individual to the minimum level for the other species.

In conclusion, although the concerns are expressed that the short-term heavy metal toxicity
experiments will be insufficient to predict the environmental impact on invertebrates (Petrauskiene,
2008b), the low concentrations to be used in the studies to investigate the long-term chronic effects of
the toxicant are likely to be inadequate to determine the lethal effects of the discharges of the high
concentrations into the receiving environments. It is hoped that the LCsq and LTs, values, the
physiological and behavioral changes defined as toxicity indicators will contribute to the studies to be
made with H. verbana and zinc and will be useful for establishing standards and implementation of
measures for the protection of medicinal leech populations in nature.
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