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Instructions to Authors

European Journal of Biology (Eur J Biol) is an international, scienti-
fic, open access periodical published in accordance with indepen-
dent, unbiased, and double-blinded peer-review principles. The
journal is the official publication of Istanbul University Faculty of
Science and it is published biannually on June and December. The
publication language of the journal is English. European Journal of
Biology has been previously published as IUFS Journal of Biology. It
has been published in continuous publication since 1940.

European Journal of Biology aims to contribute to the literature by
publishing manuscripts at the highest scientific level on all fields of
biology. The journal publishes original research and review articles,
and short communications that are prepared in accordance with
the ethical guidelines in all fields of biology and life sciences.

The scope of the journal includes but not limited to; botany,
zoology, hydrobiology, animal and plant systematics, ecology,
environmental biology, microbiology, radiobiology, molecular
biology, biochemistry, genetics, biotechnology, physiology,
toxicology, cell biology, cancer biology, neurobiology, develop-
mental biology, stem cell biology, regenerative and reparative
biology, nanobiotechnology, system biology, tissue enginee-
ring, biomaterials, and omic sciences.

The editorial and publication processes of the journal are shaped in
accordance with the guidelines of the International Council of Me-
dical Journal Editors (ICMJE), the World Association of Medical Edi-
tors (WAME), the Council of Science Editors (CSE), the Committee
on Publication Ethics (COPE), the European Association of Science
Editors (EASE), and National Information Standards Organization
(NISO). The journal conforms to the Principles of Transparency and
Best Practice in Scholarly Publishing (doaj.org/bestpractice).

Originality, high scientific quality, and citation potential are the
most important criteria for a manuscript to be accepted for pub-
lication. Manuscripts submitted for evaluation should not have
been previously presented or already published in an electronic or
printed medium. Manuscripts that have been presented in a mee-
ting should be submitted with detailed information on the organi-
zation, including the name, date, and location of the organization.

Manuscripts submitted to European Journal of Biology will go
through a double-blind peer-review process. Each submission
will be reviewed by at least three external, independent peer
reviewers who are experts in their fields in order to ensure an
unbiased evaluation process. The editorial board will invite an
external and independent editor to manage the evaluation pro-
cesses of manuscripts submitted by editors or by the editorial
board members of the journal. The Editor in Chief is the final
authority in the decision-making process for all submissions.

An approval of research protocols by the Ethics Committee in
accordance with international agreements (World Medical As-
sociation Declaration of Helsinki “Ethical Principles for Medi-
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cal Research Involving Human Subjects,” amended in October
2013, www.wma.net) is required for experimental, clinical, and
drug studies. If required, ethics committee reports or an equiva-
lent official document will be requested from the authors.

For manuscripts concerning experimental research on humans, a
statement should be included that shows the written informed con-
sent of patients and volunteers was obtained following a detailed
explanation of the procedures that they may undergo. Information
on patient consent, the name of the ethics committee, and the ethi-
cs committee approval number should also be stated in the Materi-
als and Methods section of the manuscript. It is the authors' respon-
sibility to carefully protect the patients’anonymity. For photographs
that may reveal the identity of the patients, signed releases of the
patient or of their legal representative should be enclosed.

European Journal of Biology requires experimental research stu-
dies on vertebrates or any regulated invertebrates to comply with
relevant institutional, national and/or international guidelines. The
journal supports the principles of Basel Declaration (basel-declara-
tion.org) and the guidelines published by International Council for
Laboratory Animal Science (ICLAS) (iclas.org). Authors are advised
to clearly state their compliance with relevant guidelines.

European Journal of Biology advises authors to comply with
IUCN Policy Statement on Research Involving Species at Risk
of Extinction and the Convention on the Trade in Endangered
Species of Wild IUCN Policy Statement on Research Involving
Species at Risk of Extinction and the Convention on the Trade in
Endangered Species of Wild Fauna and Flora.

All submissions are screened by a similarity detection software
(iThenticate by CrossCheck).

In the event of alleged or suspected research misconduct, e.g.,
plagiarism, citation manipulation, and data falsification/fabrica-
tion, the Editorial Board will follow and act in accordance with
COPE guidelines.

Each individual listed as an author should fulfil the authorship
criteria recommended by the International Committee of Medi-
cal Journal Editors (ICMJE - www.icmje.org). The ICMJE recom-
mends that authorship be based on the following 4 criteria:

1 Substantial contributions to the conception or design of
the work; or the acquisition, analysis, or interpretation of
data for the work; AND

2 Drafting the work or revising it critically forimportant intel-
lectual content; AND

3 Final approval of the version to be published; AND

Agreement to be accountable for all aspects of the work in

ensuring that questions related to the accuracy or integrity

of any part of the work are appropriately investigated and
resolved.



In addition to being accountable for the parts of the work he/
she has done, an author should be able to identify which co-a-
uthors are responsible for specific other parts of the work. In
addition, authors should have confidence in the integrity of the
contributions of their co-authors.

All those designated as authors should meet all four criteria for
authorship, and all who meet the four criteria should be identi-
fied as authors. Those who do not meet all four criteria should
be acknowledged in the title page of the manuscript.

European Journal of Biology requires corresponding authors to
submit a signed and scanned version of the authorship contri-
bution form (available for download through the journal’s web
page) during the initial submission process in order to act ap-
propriately on authorship rights and to prevent ghost or hono-
rary authorship. If the editorial board suspects a case of “gift aut-
horship,”the submission will be rejected without further review.
As part of the submission of the manuscript, the corresponding
author should also send a short statement declaring that he/
she accepts to undertake all the responsibility for authorship
during the submission and review stages of the manuscript.

European Journal of Biology requires and encourages the aut-
hors and the individuals involved in the evaluation process of
submitted manuscripts to disclose any existing or potential
conflicts of interests, including financial, consultant, and institu-
tional, that might lead to potential bias or a conflict of interest.
Any financial grants or other supports received for a submitted
study from individuals or institutions should be disclosed to the
Editorial Board. To disclose a potential conflict of interest, the
ICMJE Potential Conflict of Interest Disclosure Form should be
filled and submitted by all contributing authors. Cases of a po-
tential conflict of interest of the editors, authors, or reviewers
are resolved by the journal’s Editorial Board within the scope of
COPE and ICMJE guidelines.

The Editorial Board of the journal handles all appeal and comp-
laint cases within the scope of COPE guidelines. In such cases,
authors should get in direct contact with the editorial office
regarding their appeals and complaints. When needed, an om-
budsperson may be assigned to resolve cases that cannot be
resolved internally. The Editor in Chief is the final authority in
the decision-making process for all appeals and complaints.

When submitting a manuscript to European Journal of Biology,
authors accept to assign the copyright of their manuscript to Is-
tanbul University Faculty of Science. If rejected for publication,
the copyright of the manuscript will be assigned back to the
authors. European Journal of Biology requires each submission
to be accompanied by a Copyright Transfer Form (available for
download at the journal’s web page). When using previously
published content, including figures, tables, or any other ma-
terial in both print and electronic formats, authors must obtain
permission from the copyright holder. Legal, financial and cri-
minal liabilities in this regard belong to the author(s).
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Statements or opinions expressed in the manuscripts published in
European Journal of Biology reflect the views of the author(s) and
not the opinions of the editors, the editorial board, or the publis-
her; the editors, the editorial board, and the publisher disclaim any
responsibility or liability for such materials. The final responsibility
in regard to the published content rests with the authors.
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European Journal of Biology endorses ICMJE-Recommendations
for the Conduct, Reporting, Editing, and Publication of Scholarly
Work in Medical Journals (updated in December 2015 - http://
www.icmje.org/icmje-recommendations.pdf). Authors are requ-
ired to prepare manuscripts in accordance with the CONSORT
guidelines for randomized research studies, STROBE guidelines
for observational original research studies, STARD guidelines for
studies on diagnostic accuracy, PRISMA guidelines for systematic
reviews and meta-analysis, ARRIVE guidelines for experimental
animal studies, TREND guidelines for non-randomized public be-
haviour, and COREQ guidelines for qualitative research.

Manuscripts can only be submitted through the journal’s online
manuscript submission and evaluation system, available at the
journal’s web page. Manuscripts submitted via any other medi-
um will not be evaluated.

Manuscripts submitted to the journal will first go through a te-
chnical evaluation process where the editorial office staff will
ensure that the manuscript has been prepared and submitted
in accordance with the journal’s guidelines. Submissions that
do not conform to the journal’s guidelines will be returned to
the submitting author with technical correction requests.

During the initial submission, authors are required to submit
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- Copyright Transfer Form,
«  Author Contributions Form, and

ICMJE Potential Conflict of Interest Disclosure Form (should be
filled in by all contributing authors). These forms are available
for download at the journal’s web page.

Preparation of the Manuscript

Title page: A separate title page should be submitted with all
submissions and this page should include:

«  The full title of the manuscript as well as a short title (run-
ning head) of no more than 50 characters,

« Name(s), affiliations, and highest academic degree(s) of the
author(s),

«  Grant information and detailed information on the other
sources of support,

« Name, address, telephone (including the mobile phone
number) and fax numbers, and email address of the cor-
responding author,

«  Acknowledgment of the individuals who contributed to
the preparation of the manuscript but who do not fulfil the
authorship criteria.



Abstract: Abstract with subheadings should be written as stru-
ctured abstract in submitted papers except for Review Articles
and Letters to the Editor. Please check Table 1 below for word
count specifications (250 words).

Keywords: Each submission must be accompanied by a mi-
nimum of three to a maximum of six keywords for subject in-
dexing at the end of the abstract. The keywords should be listed
in full without abbreviations.

Manuscript Types

Original Articles: This is the most important type of article
since it provides new information based on original research.
A structured abstract is required with original articles and it
should include the following subheadings: Objective, Materials
and Methods, Results and Conclusion. The main text of original
articles should be structured with Introduction, Materials and
Methods, Results, Discussion, and Conclusion subheadings. Ple-
ase check Table 1 for the limitations of Original Articles.

Statistical analysis to support conclusions is usually necessary.
Statistical analyses must be conducted in accordance with in-
ternational statistical reporting standards. Information on sta-
tistical analyses should be provided with a separate subheading
under the Materials and Methods section and the statistical
software that was used during the process must be specified.

Units should be prepared in accordance with the International
System of Units (SI).

Short Communications: Short communication is for a concise,
but independent report representing a significant contribution to
Biology. Short communication is not intended to publish prelimi-
nary results. But if these results are of exceptional interest and are
particularly topical and relevant will be considered for publication.

Short Communications should include an abstract and should
be structed with the following subheadings: “Introduction’,
“Materials and Methods”, “Results and Discussion”.

Editorial Comments: Editorial comments aim to provide a brief
critical commentary by reviewers with expertise or with high
reputation in the topic of the research article published in the
journal. Authors are selected and invited by the journal to pro-
vide such comments. Abstract, Keywords, and Tables, Figures,
Images, and other media are not included.
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Review Articles: Reviews prepared by authors who have ex-
tensive knowledge on a particular field and whose scientific ba-
ckground has been translated into a high volume of publicati-
ons with a high citation potential are welcomed. These authors
may even be invited by the journal. Reviews should describe,
discuss, and evaluate the current level of knowledge of a topic
in clinical practice and should guide future studies. The main
text should contain Introduction, Experimental and Clinical Re-
search Consequences, and Conclusion sections. Please check
Table 1 for the limitations for Review Articles.

Letters to the Editor: This type of manuscript discusses important
parts, overlooked aspects, or lacking parts of a previously publis-
hed article. Articles on subjects within the scope of the journal that
might attract the readers’ attention, particularly educative cases,
may also be submitted in the form of a“Letter to the Editor.”Readers
can also present their comments on the published manuscripts in
the form of a “Letter to the Editor” Abstract, Keywords, and Tables,
Figures, Images, and other media should not be included. The text
should be unstructured. The manuscript that is being commented
on must be properly cited within this manuscript.

Tables

Tables should be included in the main document, presented
after the reference list, and they should be numbered conse-
cutively in the order they are referred to within the main text.
A descriptive title must be placed above the tables. Abbrevia-
tions used in the tables should be defined below the tables by
footnotes (even if they are defined within the main text). Tables
should be created using the “insert table” command of the word
processing software and they should be arranged clearly to
provide easy reading. Data presented in the tables should not
be a repetition of the data presented within the main text but
should be supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted as se-
parate files (in TIFF or JPEG format) through the submission sys-
tem. The files should not be embedded in a Word document or
the main document. When there are figure subunits, the subu-
nits should not be merged to form a single image. Each subunit
should be submitted separately through the submission system.
Images should not be labeled (a, b, ¢, etc.) to indicate figure subu-

Table 1. Limitations for each manuscript type

Type of manuscript Word limit Abstract word limit  Reference limit Table limit Figure limit
Original Article 4500 250 (Structured) No limit 6 Maximum 10
Short Communication 2500 200 30 3 4
Review Article 5500 250 No limit 5 6
Letter to the Editor 500 No abstract 5 No tables No media




nits. Thick and thin arrows, arrowheads, stars, asterisks, and simi-
lar marks can be used on the images to support figure legends.
Like the rest of the submission, the figures too should be blind.
Any information within the images that may indicate an indivi-
dual or institution should be blinded. The minimum resolution
of each submitted figure should be 300 DPI. To prevent delays in
the evaluation process, all submitted figures should be clear in re-
solution and large in size (minimum dimensions: 100 x 100 mm).
Figure legends should be listed at the end of the main document.

All acronyms and abbreviations used in the manuscript should be
defined at first use, both in the abstract and in the main text. The abb-
reviation should be provided in parentheses following the definition.

When a drug, chemical, product, hardware, or software program
is mentioned within the main text, product information, including
the name of the product, the producer of the product, and city and
the country of the company (including the state if in USA), should
be provided in parentheses in the following format: “Discovery St
PET/CT scanner (General Electric, Milwaukee, WI, USA)”

All references, tables, and figures should be referred to within
the main text, and they should be numbered consecutively in
the order they are referred to within the main text.

Limitations, drawbacks, and the shortcomings of original artic-
les should be mentioned in the Discussion section before the
conclusion paragraph.
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ABSTRACT

Objective: Periodontitis, an inflammatory disease, leads to the destruction of the periodontium and results in tooth loss.
Reactive oxygen species are involved in the destruction of periodontal tissues and systemic inflammation. The aim of the
study was to evaluate and compare the oxidative status in different kinds of periodontal disease and whether the treatment
amends these effects.

Materials and Methods: Whole saliva was collected from 30 patients with chronic marginal gingivitis, chronic periodontitis
and generalized aggressive periodontitis at baseline and after non-surgical periodontal therapy and 10 healthy control
subjects. Lipid peroxidation (LPO) and glutathione (GSH) levels and glutathione-s-transferase, superoxide dismutase catalase
and tissue factor (TF) activities were determined in the whole saliva.

Results: Antioxidant enzyme activities were significantly higher in periodontitis groups before non-surgical periodontal
therapy and also increased LPO levels and decreased TF activities were found in these groups. Significant decreases in
antioxidant enzymes and LPO levels, and increases in TF activities were detected after treatment. GSH levels increased after
treatment.

Conclusion: Increased antioxidant enzyme activities and LPO levels indicate destruction of periodontal tissues due to
excessive radical production. Treatment of periodontitis and restoring the balance of oxidant-antioxidants ameliorates tissue
damage caused by oxygen species and inflammation.

Keywords: Oxidative stress, periodontitis, saliva

INTRODUCTION is a widespread periodontal disease of the oral cavity
involving of chronic inflammation of the surrounding
and supporting structures of the teeth which is
caused by aggregation of plenty of dental plaque (4).
Generalized aggressive periodontitis (GAgP) which is
characterized by rapid loss of attachment and bone
destruction and familial aggregation, is mostly affects
younger patients (5).

Gingivitis and periodontitis, which are called
periodontal diseases are among the most common
chronic conditions affecting world’s populations (1,2).
Periodontal disease is a polymicrobial subgingival
inflammatory disease of the periodontal tissues (3).
Chronic marginal gingivitis (CMG) is a non-destructive
periodontal disease and characterized by inflammation
of the gums due to the accumulation of plaque at or  Periodontitis is a multifactor phenomenon and it
near the gingival sulcus (1). Chronic periodontitis (CP)  has a strong relationship with generation of reactive
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oxygen species (ROS) and the destruction of the connective
tissues during periodontal disease (6). In all organisms, there
is a balance between antioxidants and oxidants. Antioxidants,
consisting of enzymatic and non-enzymatic, prevent, limit
or intercept oxidative tissue injury caused by ROS. If the
balance is disrupted by physical-chemical, environmental or
pathological agents, the level of oxidants outweigh the level
of antioxidants and the cell will be under oxidative stress (7).
During periodontitis, oxidative stress is enhanced as a result
of excessive production of ROS and if immune system cannot
defence enough, connective tissue and bone damage occurs.
This damage leads to the formation of other systemic diseases
and spreads to other organs from the mouth (8,9). Thus, early
detection and control of periodontal disease is critical for the
prevention of diseases that may occur in other organs.

Whole saliva is a mixture of gingival fluids and secretions of the
salivary glands. Determination of the saliva components levels
reflect the microbial condition and severity of periodontitis
(10). Because of saliva’s ready availability it is suitable for study.
Thus, saliva may be used as a cost effective and noninvasive
sample in determination of oxidative stress and analysis for
periodontal diagnosis. We therefore evaluated and compared
some oxidative stress and coagulation parameters in whole
saliva of patients with CMG, CP and GAgP baseline and after
non-surgical periodontal therapy.

MATERIALS AND METHODS

Study Groups

The study was approved by the Ethical Committee of Marmara
University (No. MAR-YC-2009-0282).Written informed assent
was obtained from patients who participated in this study.

A total of 30 adult patients, who referred to Marmara University
Faculty of Dentistry, Department of Periodontology and
systemically and periodontally healthy 10 person were included
in the study. The study groups consisted of: CMG; non-surgical
periodontal therapy applied with CMG diagnose, CP; non-
surgical periodontal therapy applied with CP diagnose, GAgP;
non-surgical periodontal therapy applied with AgP diagnose,
Control; periodontally healthy individuals. Then, patient groups
were divided into 2 subgroups: Baseline (B), 90th days after the
end of the treatment (AT).

The patients in the study groups were otherwise healthy,
with no history of systemic disease and consumption of anti-
inflammatory or other drugs and antioxidants for at least six
months. Subjects having past illness and undergoing any
periodontal treatment, pregnant, lactating mothers, alcoholics
and smokers were not included the study. Control subjects
also had the same criteria and also did not have any history of
periodontal disease.

According to research methods, periodontal treatment which
includes scaling and root planing (SRP) was applied to the
CMG, CP and GAgP patients. Whole saliva samples were taken
at baseline and 90th days after the end of the treatment. All
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patients were checked once in a month in a 3 months follow up
period and if necessary, oral hygiene instructions were repeated
and professional dental cleaning wasdone to the patients.

Clinical Measurements and Periodontal Therapy

The periodontal status of all participants was evaluated by
measurement of plaque index (PI) as developed by Lée H and
Silness P (11), gingival index (Gl) as developed by Silness P and
Loe H (12) and pocket depth (PD) and clinical attachment loss
(CAL). The periodontal examination of the study was carried
out at 4 sites per tooth. PD and CAL were measured on sites of
each tooth such as mesial, distal, median points at vestibular and
lingual surfaces. All clinical measurements were saved at baseline
and 90 days after the end of the initial periodontal therapy in
CMG, CP, GAgP groups and one time point in periodontally
healthy group after the collection of saliva samples.

Patients with periodontal diseases received the initial
periodontal therapy, including scaling and root planing within
14 days and oral hygiene was taught to each one. All patients
were checked once in a month in a 3 months follow up period
and if necessary, oral hygiene instructions were repeated and
professional dental cleaning was done to the patients.

Collection of Samples

Unstimulated whole saliva samples of the groups were collected
in the morning following an overnight fast and the collection of
the saliva was performed at the same time of the day, as much
as possible. The participants were told not to drink or eat that
morning before collection of the saliva. The saliva samples of the
individuals were gotten in the morning while the patients were
seated with the instructions to allow saliva to pool in the bottom
of the mouth and drain into a tube for collection. The saliva was
aliquoted into storage vials and kept in -20°C until analysis.

Determination of Glutathione

Glutathione (GSH) concentrations of samples were determined
by the method of Beutler (13) and the results are expressed in
% mg GSH.

Determination of Lipid Peroxidation

Yagi's method was used for determination as thiobarbituric
acid reactive substances (14). Results are expressed as nmol
malondialdehyde (MDA)/ml.

Determination of Glutathione-S-transferase
Glutathione-S-Transferase (GST) activities of samples are
monitored at 340 nm by a spectrophotometer and results were
expressed as U GST/ml.min (15).

Determination of Catalase Activity
Catalase (CAT) activities of samples were measured with the
Aebi’s method (16) and results were expressed as U CAT/ml.min.

Determination of Superoxide Dismutase Activity
Superoxide dismutase (SOD) activities of samples were assayed
by the previously described method and results were expressed
in U SOD/ml.min (17).
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Determination of Tissue Factor Activity

Tissue factor (TF) activities of samples were evaluated
according to Quick’s method (18). The clotting time is inversely
proportional to the TF activity and the lengthed clotting time is
a manifestation of decreased TF activity.

Statistical Analysis

All data were presented as mean +SD. Differencesin biochemical
parameters between groups were analyzed using the Mann-
Whitney U-test and an unpaired two-tailed Student t test
was used for comparing two independent groups. Statistical
analyses were performed using GraphPad Prism 5.0 (GraphPad
Software, San Diego, California, USA).

RESULTS

Enzymatic Biochemical Parameters
The results of salivary GST, SOD and CAT activities are shown in
Figure 1.

In salivary GST activity, a significant decrease was observed in
the CP-AT group compared with the control group (p<0.05) and

Glutathione S Transferase
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also in the CMG-AT group compared with the CMG-B and CP-AT
group compared with the CP-B group (p<0.05).

A significant decrease in salivary SOD activity was detected in
the CMG-AT and GAgP-AT groups compared with the control
group (p<0.05), additionally in the CMG-AT group compared
with the CMG-B and CP-AT group compared with the CP-B
(p<0.01, p<0.05, respectively).

In salivary CAT activity, a significant decrease was detected in
the CMG-AT, CP-AT and GAgP-AT groups compared with the
control group (p<0.05), also in the CMG-AT group compared
with the CMG-B, CP-AT group compared with the CP-B and
GAgP-AT group compared with the GAgP-B group (p<0.01,
p<0.001, p<0.05, respectively).

Nonenzymatic Biochemical Parameters
The results of saliva GSH, lipid peroxidation (LPO) levels and TF
activities are shown in Figure 2.
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Figure 1. Enzymatic biochemical parameters in saliva. GST: Glutathione-S-Transferase, SOD: Superoxide Dismutase, CAT: Catalase, CMG-
AT: Chronic Marginal Gingivitis-After Treatment, CMG-B: Chronic Marginal Gingivitis-Baseline, CP-AT: Chronic Periodontitis-After Treat-
ment, CP-B: Chronic Periodontitis-Baseline, GAgP-AT: Generalized Aggressive Periodontitis-After Treatment, GAgP-B: Generalized Ag-
gressive Periodontitis-Baseline. The bars represent mean =+ SD for each group. *p <0.05 vr Control; $p<0.05, $$p<0.01 vr CMG-B; 1p<0.05,
1t11p<0.001 vr CP-B; 9p<0.05 vr GAgP-B.
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Figure 2. Nonenzymatic biochemical parameters in saliva. GSH: Glutathione, LPO: Lipid Peroxidation, TF: Tissue Factor, CMG-
AT: Chronic Marginal Gingivitis-After Treatment, CMG-B: Chronic Marginal Gingivitis-Baseline, CP-AT: Chronic Periodontitis-After
Treatment, CP-B: Chronic Periodontitis-Baseline, GAgP-AT: Generalized Aggressive Periodontitis-After Treatment, GAgP-B: Gene-
ralized Aggressive Periodontitis-Baseline. Since the clotting time is inversely proportional to the TF activity, the lengthening of
the clotting time is a manifestation of decreased TF activity. The bars represent mean + SD for each group. *p <0.05, **p<0.01,
**¥p<0.001 vr Control; $p<0.05, #+$p<0.001 vr CMG-B; 9p<0.05, 19p<0.01 vr GAgP-B. In salivary GSH levels, a significant dec-
rease was detected in GAgP-B group compared with the control group (p<0.01), on the other hand a significant increase was
detected in GAgP-AT group compared with GAgP-B group (p<0.01).
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Significant increases in salivary LPO levels were detected in the
CMG-B, CP-B and GAgP-B groups compared with the control
group (p<0.01, p<0.001, p<0.001, respectively) while significant
decreases were observed in the CMG-AT group compared with
the CMG-B and GAgP-AT group compared with the GAgP-B
(p<0.001, p<0.05, respectively).

Significant decreases in salivary TF activity were detected
in the CMG-B, CP-B and GAgP-B groups compared with the
control group (p<0.01, p<0.05, p<0.01 respectively). On the
other hand significant increases were observed in the CMG-
AT group compared with the CMG-B group and in the GAgP-
AT group compared with the GAgP-B group. (p<0.05, p<0.01,
respectively).

DISCUSSION

In the present study the results show that the presence of
inflammation and excessive production of ROS accelerate tissue
damage and actuate coagulation cascade in periodontium.
Supporting periodontitis treatment by antioxidants may
facilitate these damage and provides to tissue renewing itself
faster.

Periodontitis is a common, chronic inflammation disease
caused by infection of periodontium with especially gram
negative bacteria. The response of the host is generally chronic
inflammation and this response has both local and systemic
inflammatory symptoms (19).

In many studies it was shown that ROS is the cause of LPO and
oxidative stress in the pathogenesis of periodontal disease. As
it was demonstrated by various studies that ROS trigger and/
or progress of periodontal disease (6,20-22). Free radicals are
capable of inducing and increasing destruction of periodontal
tissue and are associated with bone resorption, also free
radical induced tissue injury increased in individuals with
periodontitis (23). Additionally, an increase in free radicals
causes overproduction of MDA, is one of the final products of
LPOinthe cell. Enhanced levels of LPO was reported by previous
studies with periodontitis patients (24-28). In accordance to this
results, we found increased LPO levels in the CMG-B, CP-B, CP-
AT, GAgP-B and GAgP-AT groups compared with the controls
and significantly decreased levels of LPO in the CMG and GAgP
groups after treatment compared with baseline which means
treatment provides protection to cell against cellular damage
via the inhibition of LPO.

Glutathione transferases are a family of detoxifying enzymes
that have been shown to be over-expressed in tumor tissues
and suggested as biomarkers for some specific tissues. However
there are a few reports about the level and the presence of
these enzymes in human saliva (29). Accordingly there are few
studies focused on the activity of GST in periodontitis patients
and the results are contradictory. Borges et al. found increased
GST activities in periodontitis patients compared with control
group while Amarnath et al. found decreased activity of this
enzyme (23,30). In the present study, increased GST activities

66

were determined in periodontitis groups, additionally a
decrease was observed in treatment groups. As these enzymes
are devoted to cell protection in organism, catalyzing the
conjugation reaction to the center of the toxic compounds
increased activities in periodontitis groups may be related with
the defence mechanism of the organism.

SOD is the antioxidant enzyme which catalyzes dismutation of
superoxide radicals to hydrogen peroxide. It has an important
function to remove ROS from the cellular environment and
avoid the cell from damaging effect of ROS. Previous studies
have found increased SOD activities in periodontitis patients
before treatment that support our results (21,28,30-33). CAT is
also an antioxidant enzyme of the defence system in organisms
and helps to detoxify hydrogen peroxide. Increased levels of
CAT activities were found in previous studies in periodontitis
patients in accordance with our results (21,25,28,30).

The antioxidant enzymes are protective molecules of
organism which prevent ROS and they play an important
role in periodontal disease by providing protection against
oxidative stress. Excessive production of free radicals trigger
immune system and activate antioxidant enzymes. For that
reason, increased activities of GST, SOD, CAT may be a defense
system of saliva against destructivity of radicals in periodontal
tissues. Increased levels of GST may indicate the oxidative
damage in cell and increased superoxide radicals via bacterial
inflammation may induce an increase in SOD production in cell.
Also, increased CAT activity in periodontitis patients may be
attributed to elevated oxidative damage via ROS.

Reduced form of GSH, is a nonenzymatic antioxidant, has
many functions including the removing hydroperoxides
and detoxification of membranes. Similar to GST, there are
limited studies about GSH in periodontitis and the results
are conflincting. Panjamurthy et al. found decreased levels
of GSH levels in plasma but increased levels in gingival tissue
in periodontitis patients (21). Also Tsai et al. found decreased
levels of GSH levels in their study which supports our result (26).
This findings may suggest that immune system needs large
amount of GSH for protection the periodontal tissues and GSH
is consumed during inflammatory defense.

Due to the inflammation caused by periodontal pathogens,
inflammatory and endothelial cells get activated and by the
beginning of the inflammatory response, onset and progression
of atherosclerosis is induced (34). TF is the key initiator of the
coagulation cascade and has a crucial role in thrombosis.
TF initiates coagulation and thrombus formation following
to injury of vessel wall by a reason. Previous studies have
demonstrated that periodontitis patients have tendency to
atherosclerotic complications (35-37). In the present study, we
found decreased activity of TF in periodontitis patients which
means there is a tendency to bleeding and after treatment, an
increase was observed in TF activity. Periodontal pathogens
may cause defects in coagulation mechanism by progression of
inflammation and damage to the veins.
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CONCLUSION

In this study, we support the fact that patients with periodontitis
have a tendency towards the destruction of periodontal
tissues due to excessive free radical production. The severity
of periodontitis may effect the immune response and the
consumption of antioxidants. Thus, selection of a periodontal
treatment which supports antioxidant system may be effective
in preventing of otherinflammatory diseases. Increased levels of
radicals during periodontitis makes the organism unprotective,
and therefore, an additional antioxidant treatment may be
useful during periodontal treatment. Also based on the results
from our study, saliva analysis to determine oxidant-antioxidant
parameters in inflammatory oral diseases may be suggested as
an alternative to other invasive methods.

Periodontal diseases have been recently re-classified and
some descriptions to define the diseases have been changed
according to the new classification report (38). But due to the
present study started before the publications of these report,
the descriptions were not changed.

The limited number of patients in this study may impair the
validity of results. Further studies need to be conducted with
large study population.

Peer-review: Externally peer-reviewed.

Author Contributions: Conception/Design of study: S.0, 0.0.;
Data Acquisition: S.O., 0.0.; Data Analysis/Interpretation: S.O.,
E.E.A., UN,; Final Approval and Accountability: S.O., O.O., E.EA,,
U.N.; Drafting Manuscript: S.0., E.E.A., 0.0.; Critical Revision of
Manuscript: U.N., EE.A,; Technical or Material Support: S.O.,
E.E.A., O.0., UN,; Supervision: S.0., E.E.A.

Conflict of Interest: The authors declare that they have no
conflicts of interest.

Financial Disclosure: There are no funders to report for this
submission

Acknowledgements: No conflicts of interest related to this study.
REFERENCES

1. Ridgeway EE. Periodontal disease: diagnosis and management. J
Am Acad Nurse Pract 2000; 12: 79-83.

2. Silva N, Abusleme L, Bravo D, Dutzan N, Garcia-Sesnich J, Vernal R,
et al. Host response mechanisms in periodontal diseases. J Appl
Oral Sci 2015; 23(3):329-55.

3. Armitage GC. Development of a classification system for periodontal

diseases and conditions. Ann Periodontol 1999; 4(1): 1-6.

Lamont RJ, Hajishengallis G. Polymicrobial synergy and dysbiosis

in inflammatory disease. Trends Mol Med 2015; 21(3): 172-83.

5.  LiuG,LuanQ,ChenF, ChenZ, Zhang Q, Yu X. Shiftin the subgingival
microbiome following scaling and root planing in generalized
aggressive periodontitis. J Clin Periodontol 2018; 45(4): 440-52.

6. Waddington RJ, Moseley R, Embery G. Reactive oxygen species: A
potential role in the pathogenesis of periodontal diseases. Oral Dis
2000; 6: 138-51.

67/

20.

21.

22.

23.

24,

25.

26.

27.

Piedrafita G, Keller M A, Ralser M. The impact of non-enzymatic
reactions and enzyme promiscuity on cellular metabolism during
(oxidative) stress conditions. Biomolecules 2015; 5(3): 2101-122.
Sculley DV, Langley-Evans SC. Periodontal disease is associated
with lower antioxidant capacity in whole saliva and evidence of
increased protein oxidation. Clin Sci (Lond) 2003; 105: 167-72.
Spiekerman CF, Hujoel PP, DeRouen TA. Bias induced by self-
reported smoking on periodontitis-systemic disease associations.
J Dent Res 2003;82(5) : 345-49.

Kuboniwa M, Sakanaka A, Hashino E, Bamba T, Fukusaki E, Amano
A. Prediction of periodontal inflammation via metabolic profiling
of saliva. J Dent Res 2016; 95(12): 1381-86.

Lée H. and Silness J. Periodontal disease in pregnancy. Prevalance
and severity. Acta Odontol Scand 1963; 21(6): 533-55.

Silnes J and Loe H. Periodontal disease in pregnancy Il. Correlation
between oral hygiene and periodontal condition. Acta Odontol
Scand 1964; 22(1): 121-35.

Beutler E. Glutathione: red cell metabolism. A manual biochemical
methods 1975; pp. 72-136, Grune and Stratton, New York.

Yagi K. Assay for blood plasma or serum. Methods Enzymol 1984;
105: 328-37.

Habig WH, Jacopy WB. Assays for differentiation of glutathione-S-
transferases. Method Enzymol 1981; 77: 398-405.

Aebi H. Catalase in vitro. In (Ed. Bergmeye HU) Methods of
enzymatic analysis 1974; pp. 673-7, New York.

Mylroie AA, Collins H, Umbles C, Kyle J. Erythrocyte superoxide
dismutase activity and other parameters of copper status in rats
ingesting lead acetate. Toxicol Appl Pharmacol 1986; 82: 512-20.
Ingram GIC, Hills M. Reference method for the one stage
prothrombin time test on human blood. Thromb Haemostas 1976;
36:237-38.

Dave S, Balista EL Jr, Thomas E, Van D. Cardiovascular disease and
periodontal disease: commonality and causation. Compendium
2004; 25(7): 26-37.

D’Aiuto F, Nibali L, Parkar M, Patel K, Suvan J, Donos N. Oxidative
stress, systemic inflammation, and severe periodontitis. J Dent Res
2010; 89: 1241-46.

Panjamurthy K, Manoharan S, Ramachandran CR. Lipid
peroxidation and antioxidant status in patients with periodontitis.
Cell Mol Biol Lett 2005; 10: 255-64.

Patel SP, Pradeep AR, Chowdhry S. Crevicular fluid levels of plasma
glutathione peroxidase (eGPx) in periodontal health and disease.
Arch Oral Biol 2009; 54: 543-48.

Amarnath K, Nellore J. Antioxidant potential of phytonanoparticles
in an emerging biofluid (saliva) of periodontitis patients. In
Nanoscience, Engineering and Technology (ICONSET), 2011
International Conference, 2011; pp. 401-407.IEEE.

Akalin FA, Baltacioglu E, Alver A, Karabulut E. Lipid peroxidation
levels and total oxidant status in serum, saliva and gingival
crevicular fluid in patients with chronic periodontitis. J Clin
Periodontol 2007; 34: 558-65.

Yagan A, Kesim S, Liman N. Effect of low-dose doxycycline on
serum oxidative status, gingival antioxidant levels and alveolar
bone loss in experimental periodontitis in rats. J Periodontol 2014;
85(3):478-89.

Tsai CC, Chen HS, Chen SL, Ho YP, Ho KY, Wu YM, et al. Lipid
peroxidation: a possible role in the induction and progression of
chronic periodontitis. J Periodontal Res 2005; 40(5): 378-84.
Tonguc MO, Ozturk O, Sutcu R, Ceyhan BM, Kilinc G, Sonmez Y, et
al. The impact of smoking status on antioxidant enzyme activity
and malondialdehyde levels in chronic periodontitis. J Periodontol
2011;82(9): 1320-28.


http://www.ncbi.nlm.nih.gov/pubmed?term=Chen HS%5BAuthor%5D&cauthor=true&cauthor_uid=16105090
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen SL%5BAuthor%5D&cauthor=true&cauthor_uid=16105090
http://www.ncbi.nlm.nih.gov/pubmed?term=Ho YP%5BAuthor%5D&cauthor=true&cauthor_uid=16105090
http://www.ncbi.nlm.nih.gov/pubmed?term=Ho KY%5BAuthor%5D&cauthor=true&cauthor_uid=16105090
http://www.ncbi.nlm.nih.gov/pubmed/16105090
http://www.ncbi.nlm.nih.gov/pubmed?term=Tongu%C3%A7 M%C3%96%5BAuthor%5D&cauthor=true&cauthor_uid=21219099
http://www.ncbi.nlm.nih.gov/pubmed?term=%C3%96zt%C3%BCrk O%5BAuthor%5D&cauthor=true&cauthor_uid=21219099
http://www.ncbi.nlm.nih.gov/pubmed?term=S%C3%BCt%C3%A7%C3%BC R%5BAuthor%5D&cauthor=true&cauthor_uid=21219099
http://www.ncbi.nlm.nih.gov/pubmed?term=Ceyhan BM%5BAuthor%5D&cauthor=true&cauthor_uid=21219099
http://www.ncbi.nlm.nih.gov/pubmed?term=K%C4%B1l%C4%B1n%C3%A7 G%5BAuthor%5D&cauthor=true&cauthor_uid=21219099
http://www.ncbi.nlm.nih.gov/pubmed/21219099

28.

29.

30.

31.

32

33.

Eur J Biol 2019; 78(2): 63-68
Oktay et al. Oxidative Stress Parameters in Periodontitis

Oktay S, Chukkapalli SS, Rivera-Kweh MF, Velsko IM, Holliday LS,
Kesavalu L. Periodontitis in rats induces systemic oxidative stress
that is controlled by bone-targeted antiresorptives. J Periodontol
2015; 86(1): 137-45.

Fabrini R, Bocedi A, Camerini S, Fusetti M, Ottaviani F, Passali FM et
al. Inactivation of human salivary glutathione transferase p1-1 by
hypothiocyanite: A post-translational control system in search of a
role. Ed. Fernando Rodrigues-Lima.PLoS ONE 2014;9(11):e112797.
Borges |, Moreira EAM, Filho DW, Tiago Oliveira TB, Silva MBS, Frode
TS.Proinflammatory and oxidative stress markers in patients with
periodontal disease. Mediators Inflamm 2007; 2007: 1-5.

Akalin FA, Toklu E, Renda N. Analysis of superoxide dismutase
activity levels in gingiva and gingival crevicular fluid in patients
with chronic periodontitis and periodontally healthy controls. J
Clin Periodontol 2005; 32:238-43.

Wei D, Zhang X-L, Wang Y-Z, Yang C-X, Chen G. Lipid peroxidation
levels, total oxidant status and superoxide dismutase in serum,
saliva and gingival crevicular fluid in chronic periodontitis patients
before and after periodontal therapy. Australian Dent J 2010; 55:
70-8.

Aziz AS, Kalekar MG, Benjamin T, Suryakar AN, Prakashan MM.
Effect of nonsurgical periodontal therapy an some oxidative stress
markers in patients with chronic periodontitis: A biochemical
study. World J Dent 2013; 4: 17-23.

68

34.

35.

36.

37.

38.

Roth GA, Moser B, Roth-Walter E GiacoDa MD, Harja E, Papapanou
PN, et al. Infection with a periodontal pathogen increases
mononuclear cell adhesion to human aortic endothelial cells.
Atherosclerosis 2007; 190: 271-81.

Buhlin K, Gustafsson A, Hakansson J, Klinge B. Oral health and
cardiovascular disease in Sweden. J Clin Periodontol 2002; 291:
254-59.

Arbes SJ, Slade GD, Beck JD. Association between extent of
periodontal attachment loss and self-reported history of heart
attack an analysis of NHANES Ill data.J Dent Res 1999; 78: 1777-82.
Emekli Alturfan E, Basar |, Malali E, Elemek E, Oktay S, Ayan F, et
al. Plasma tissue factor levels and salivary tissue factor activities
of periodontitis patients with and without cardiovascular disease.
Pathophysiol Haemost Thromb 2010; 37(2-4): 77-81.

Caton JG, Armitage G, Berglundh T, Chapple IL, Jepsen S, Kornman
KS, Sanz M, Tonetti MS, Mealey BL, Papapanou PN, Sa Tonetti MS.
A new classification scheme for periodontal and peri-implant
diseases and conditions—-Introduction and key changes from the
1999 classification. J Periodontol 2018; 89: 1-8.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Oktay S%5BAuthor%5D&cauthor=true&cauthor_uid=25101489
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chukkapalli SS%5BAuthor%5D&cauthor=true&cauthor_uid=25101489
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rivera-Kweh MF%5BAuthor%5D&cauthor=true&cauthor_uid=25101489
http://www.ncbi.nlm.nih.gov/pubmed/?term=Velsko IM%5BAuthor%5D&cauthor=true&cauthor_uid=25101489
http://www.ncbi.nlm.nih.gov/pubmed/?term=Holliday LS%5BAuthor%5D&cauthor=true&cauthor_uid=25101489
http://www.ncbi.nlm.nih.gov/pubmed/25101489##
http://www.ncbi.nlm.nih.gov/pubmed/?term=Filho DW%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=de Oliveira TB%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fr%26%23x000f6%3Bde TS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pmc/journals/324/
http://www.ncbi.nlm.nih.gov/pmc/issues/142396/

RESEARCH ARTICLE
Eur J Biol 2019; 78(2): 69-74

Ve,

\STA

L UN/,

a0 [STANBUL
< UNIVERSITY

- PRESS

Karrikinolide Promotes Seed Germination but has no Effect
on Leaf Segment Senescence in Triticum aestivum L.

Nihal Goren-Saglam’ %, Kevser Duygun’ 2, Gulay Kaya? (¥, Filiz Vardar?

'Istanbul University, Faculty of Science, Department of Biology, Istanbul, Turkey

“Recep Tayyip Erdogan University, Faculty of Arts and Sciences, Department of Biology, Rize, Turkey

*Marmara University, Faculty of Arts and Science, Department of Biology, Istanbul, Turkey

ORCID IDs of the authors: N.G.S. 0000-0003-1255-5188; K.D. 0000-0002-4582-3911; G.K. 0000-0002-4899-1494; V. 0000-0002-1051-5628

Please cite this article as: Goren Saglam N, Duygun K, Kaya G, Vardar F. Karrikinolide Promotes Seed Germination but has
no Effect on Leaf Segment Senescence in Triticum aestivum L. Eur J Biol 2019; 78(2): 69-74. DOI: 10.26650/EurJBiol.2019.0005

ABSTRACT

Objective: Germination and senescence are the two most important developmental processes in the plant life cycle. While
seed germination is an important physiological event for the continuity of species, leaf senescence is also an important
developmental process that impacts crop yields. Karrikins are a group of plant growth regulators found in the smoke
generated by burning plant material. It has been suggested that karrikinolide (KAR1) is generally the most active karrikin in
terms of stimulating germination.

Materials and Methods: In this study, the effect of karrikinolide on germination and leaf segment senescence in wheat was
investigated. For this purpose, control, 1 nM, 0.01, 0.1, 1, and 10 uM KAR: solutions were used. Firstly, the wheat seeds were
germinated in the dark in these solutions and germination percentages and root lengths were measured. Secondly, 4 of first
leaf segments (3cm. each) from 10-day-old wheat seedlings were placed in petri dishes containing 1, 10, 100 uM KAR: and
distilled water as a control. Following incubation, fresh weight, chlorophyll content, cell death amounts and total protein
amounts were determined.

Results: The obtained data shows that 1 uM KAR: promotes germination and root length to the greatest extent. This suggests
that karrikins have a promoting effect on the germination of wheat seeds. Our results demonstrate that KAR: has no effect
on leaf segment senescence.

Conclusion: Our study suggests that KAR: has the potential to be used in agriculture to improve germination and seedling

growth of crop species.

Keywords: Seed germination, leaf senescence, KARs, Triticum aestivum

INTRODUCTION

Germination and senescence are the two most
important developmental events in plant life. While
the life cycle of plants begins with seed germination
in higher plants, senescence is the last phase of the
plant life cycle. Seed germination is an important
physiological event for the continuity of species.
Internal and external conditions must be suitable for
seed germination. Germination is controlled by external
environmental factors and internal factors such as
plant growth regulators (1,2). Gibberellic acid (GA) and

abscisic acid (ABA) are well-known plant hormones that
have an important role in the regulation of dormancy
and germination (3-5). In addition, plant-derived
smoke has been shown to promote the germination of
numerous plant species with different life histories (6-
8). These findings led to the discovery of compounds
found in smoke (e.g. karrikins and glyceronitrile) that
are responsible for the stimulation of germination (6,9).
Researchers have found that karrikinolide (KAR:) is the
most abundant and active karrikin in smoke and that
enhances germination and seedling growth in many
plants even at very low concentrations (7,8,10-12).
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Leaf senescence is an important developmental stage affected
by various internal and external factors, such as leaf age,
hormone levels, exposure to darkness, and environmental
stresses (13,14). Hormones are internal components that
mediate the regulatory effects of environmental factors on
leaf senescence. While some hormones such as ethylene,
ABA, jasmonic acid (JA) and salicylic acid (SA) stimulate
senescence, cytokinins and gibberellins play an important
role in delaying senescence (15-19). In addition to these
hormones, strigolactones (SLs) appear to be a class of plant
hormones that regulate leaf senescence, because SL-deficient
and SL-insensitive mutants show a phenotype with delayed leaf
senescence (14). Karrikins and strigolactones have a butenolide
ring in their structure. Even though both molecules have highly
similar signaling mechanisms, it has been suggested that they
have different effects on plant growth (20).

In literature, there has been no study showing the effect
of karrikins on senescence so far. Our study is thus the first
attempt to show the effect of KAR: on leaf segment senescence
in wheat. For this reason, the aims of the current study were to
investigate the effects of KAR: on seed germination and leaf
segment senescence in wheat.

MATERIALS AND METHODS

Plant Material, Growth Conditions & Hormone Treatments
For the germination experiments, wheat (Triticum aestivum L.)
seeds were sterilized with 10% commercial bleach and washed
5 times with sterile distilled water. Five replicates of 100 seeds
each were placed in Petri dishes containing filter paper imbibed
inasolution of KAR:1 (1 nm, 0.01,0.1, 1, 10 uM) and distilled water
as a control and kept in darkness at 25 °C. The wheat seeds were
germinated in the dark in these solutions and germination
percentages and root lengths were measured.

For the leaf segment senescence experiments, wheat seeds
were planted in moisturized perlite after surface sterilization
with 10% commercial bleach and washed 5 times with sterile
distilled water. They were grown in a growth chamber (16 h
light, 8 h dark photoperiod and at 25 + 2 °C). Four of the first
leaf segments (3 cm. each) from 10-day-old wheat seedlings
were placed in 5 cm diameter petri dishes containing 4 mL
of KAR1 solutions (1, 10, 100 uM). Distilled water was used as
a control.

Fresh Weight Analysis for Senescence

After the harvest, the segments of wheat were weighed and
placed in 1, 10 and 100 uM KAR: solutions. After 10 days, the
segments were weighed and the fresh weight change was
calculated. It was analysed with 10 replicate tissue samples of
4 bulked leaf segments.

Analysis of Pigment Content for Senescence

The pigments were extracted by grinding the wheat
segments in 90% ice-cold acetone with a pestle and mortar
and added to a 15 mL tube. The samples were stored at 4 °C
in the dark overnight. They were spun at 3000 g for 10 min
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at 4 °C in a centrifuge and the supernatant was collected in
a new tube. The total chlorophyll content was determined
spectrophotometrically (Shimadzu 1601) (21). It was analysed
with 10 replicate tissue samples of 4 bulked leaf segments.

Measurement of Cell Death for Senescence

Cell death was measured spectrophotometrically using
Evans blue to stain the detached leaves (22). The detached
leaves were submerged in a 0.1% (w/v) aqueous solution of
Evans blue dye (Sigma-Aldrich). They were subjected to two
5-min cycles of vacuum followed by 30 min under vacuum.
The leaves were then washed three times with distilled water
(15 min each). The dye bound to dead cells was solubilized
in 50% (v/v) methanol and 1% (w/v) SDS at 60 °C for 30 min
and then quantified by absorbance at 600 nm. For 100% cell
death, the detached leaves were heated at 100 °C for 5 min
before staining. Four leaves were pooled for each sample. Ten
samples were analysed and this experiment was repeated
three times with equivalent results.

Analysis of Protein Content for Senescence

The segment samples were homogenized with an ice-cold 0.1
mmol/L sodium phosphate buffer (pH 7.0). The homogenates
were centrifuged at 13000 rpm for 30 min at 4 °C and the
supernatants were used to determine the total soluble protein
content. The protein content of the extracts was determined
according to Bradford (1976), using bovine serum albumin as a
standard (23). It was analyzed with 10 replicate tissue samples
of 4 bulked leaf segments.

Statistical Analysis

Each treatment was analysed with 10 replicate root and
segment samples. The data presented here is the mean values
+ SE (n=10). All data was evaluated using one-way ANOVA
followed by Dunnett’s multiple comparison tests using Graph
Pad PRISM software. *p < 0.05 was considered significant, p >
0.05 was considered not significant.

RESULTS

KAR: has a Stimulating Effect on the Germination and Root
Growth of Wheat Seeds

To investigate the effect of different concentrations of KAR:
on wheat seed germination we calculated the germination
percentage. Our results showed that KAR: increased the
germination percentage even at 1nM concentration (p
< 0.05). However, 1 pM KAR: was found to be the most
effective concentration with 100% germination percentage.
It increased the germination by 1.3 times compared to the
control (Figure 1). When the root length data was examined,
it was seen that the root length compared to the control
increased in all concentrations and the most effective
concentration was found to be 1T uM KAR: (p < 0.05) (Figure
2). It was found 2.2 times higher compared to the control
at 72t hours. Our data indicated that KAR: promotes seed
germination and increases root length even at lower
concentrations (1 nm KAR:1).



Eur J Biol 2019; 78(2): 69-74
Goren-Saglam et al. Karrikinolide Promotes Seed Germination

100

Y ®
3 8

Germination (%)

s
S

20

S

111

1nM KAR1 0.01 uM KAR1 0.1 M KARI 1 uM KARI 10 uM KARI1
Treatment

°

Control

Figure 1. Comparisons of germination (%) after incubation
in distilled water (control), 1 nM, 0.01, 0.1, T and 10 pM KAR:
solutions. Values are meansz S.E (n=10). (*p < 0.05; compared
to control)
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72h after incubation in distilled water (control), 1 nM, 0.01, 0.1,
1 and 10 uM KAR solutions. Values are means=+ S.E (n=10). (*p <
0.05; compared to control)
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Figure 3. Wheat leaf segments after incubation in distilled water
(control), 1, 10 and 100 pM KAR: solutions, respectively.

KAR: does not Show Any Promoting or Inhibitory Effect on
Leaf Senescence

There are no studies showing the relationship between KAR:
and leaf senescence. We designed this research to investigate
the effect of KAR1 on leaf segment senescence in wheat. The leaf
segments were incubated in 1, 10 and 100 uM KAR: solutions
and distilled water (as a control). We found that there was no
significant change between the control and treatment groups
(Figure 3). The amounts of fresh weight observed in wheat

segments soaked in 100, 10 and 1 uM KAR: solutions are given
in Figure 4. Fresh weight was calculated by subtracting the
final weights of the segments recorded after being soaked in
KAR: solutions from their initial weights recorded before being
soaked in KAR: solutions. It was determined that exposure to
the control or KAR: treatments did not make a lot of difference
(p > 0.05) (Figure 4).

1 uM KARI1 10 uM KARI1 100 uM KAR1
Treatment

Changes of Fresh Weight (mg)

Control

Figure 4. Comparisons of fresh weight after incubation in dis-
tilled water (control), 1, 10 and 100 uM KAR: solutions. Values are
meanst S.E (n=10). (p > 0.05; compared to control)

A loss of chlorophyll is the first visible symptom of leaf
senescence. We measured the chlorophyll content and did
not find a significant change (p > 0.05) (Figure 5). Cell death
was indicated by a loss of plasma membrane integrity. An
examination of cell viability showed that cell death was not
significantly altered in the treatment group, as measured by
Evans blue staining. Evans blue measures cell death for an
entire leaf. Our results showed that different concentrations of
KAR: had no effect on cell death amounts when compared to
the control (p > 0.05) (Figure 6). Another senescence parameter
is total protein amount. The amounts of total protein observed

1 M KAR1 10 kM KARI 100 pM KAR1
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e
® =

2
Y
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Figure 5. Effects of 1, 10 and 100 uM KAR: treatments on
chlorophyll content in wheat leaf segments. Values are means+
S.E (n=10). (p > 0.05; compared to control)
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Figure 6. Effects of 1, 10 and 100 uM KAR1 treatments on
cell death amount. Values are means+ S.E (n=10). (p > 0.05;
compared to control)

in wheat segments soaked in 100, 10 and 1 pM KAR: solutions
are given in Figure 7. Our results showed that different
concentrations of KAR: had no effect on total protein amount
when compared to the control (p > 0.05) (Figure 7).

10 uM KARI1 100 uM KAR1

»
3

Total Protein Amount (mg/gf'W)
N w
S &

Treatment

Figure 7. Effects of 1, 10 and 100 uM KAR1 treatments on
total protein amount. Values are means+ S.E (n=10). (p > 0.05;
compared to control)

DISCUSSION

Seed germination and leaf senescence are important
developmental processes that are affected by external
and internal factors. Many plant hormones regulate seed
germination and the initiation of leaf senescence. In recent
years researchers have discovered new plant growth regulators
such as karrikins. The discovery of karrikins is extremely
important because of their potential usage in agriculture and
horticulture. KAR: was discovered in 2004 (6) and following
this discovery, studies on the karrikins have always been on
the effect of seed germination and seedling growth (11,24-28).
When the previous studies are examined, it is seen that there
are no studies concerning the effect of KAR1 on the germination
of wheat seeds and on leaf senescence.

/2

Global warming is causing a reduction in the productivity
and survival of plants - including crops (29). It also adversely
affects seed germination. Due to the role of wheat in nutrition,
promoting the germination of wheat seeds is very important
for yielding more crops from cultivated areas. For these reasons,
it is important to identify new substances that will promote
seed germination and to investigate their effectiveness. There
is limited information on the effect of KAR, on germination
in wheat seeds. To investigate the effect of KAR: on the
germination of wheat seeds, we used different concentrations
of KARs, ranging from 1 nm to 10 uM. Researchers found that
10 nm KAR: was an effective concentration for germination of
lettuce seeds (26, 30). Our results showed that 1 uM KAR:1 was an
effective concentration for wheat seeds. 1 pM KAR: accelerated
both seed germination and root length. Our results indicate
that KAR: is effective in stimulating root growth as previously
suggested (31).

Senescence is a developmental process that results in
the death of a cell, organ or organism. Considering the
remobilisation and recycling of important nutrients such
as nitrogen, sulphur, phosphorus and potassium, we can
clearly see the vital importance of senescence in the plant
life cycle. These nutrients are remobilised from the senescing
leaves to the actively growing tissues, thus providing for
the growth and reproduction of the plant (32,33). The
photosynthetic capacity of the leaf suddenly drops due to
the loss of chlorophyll during senescence. The production of
carbohydrates, amino acids and other molecules is displaced
by the degradation of macromolecules such as protein, lipids
and nucleic acids (DNA and RNA), and the released nutrients
are mobilised to plant parts such as new buds, young leaves,
developing fruits and seeds or to storage organs for the
future growing season (34,35).

Initiation of leaf senescence is affected by various factors
including age, abiotic and biotic stress, and plant hormones
(36,37). Effects of plant hormones on senescence such as auxin,
cytokinin, gibberellin, ethylene ABA, SA and JA are well-known
(29,35,36). Moreover, the effect of KAR1 on leaf senescence is still
lacking in the literature. To test the effect of KAR1 on wheat leaf
segment senescence, different concentrations of KAR: from 1
to 100 uM were used. We measured important leaf senescence
parameters such as, chlorophyll amount, fresh weight changes,
cell death amount and total protein amount.

Changes in fresh weight are one indication of leaf senescence
because nutrients remobilise from senescing leaves to storage
organs during senescence (38,39). The fresh weight tends to
decrease when leaf senescence starts. Our data showed that
there were no significant changes between the control and
treatment groups (Figure 4). The dramatic metabolic transition
from anabolism to catabolism, including the increased
hydrolysis of macromolecules occurs during leaf senescence
(38). Leaf cells are subject to structural and biochemical changes
during senescence (40-44). Because of this, the changes of fresh
weight are an important parameter for leaf senescence.
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Another important leaf senescence indicator is a decreased
chlorophyll amount. During leaf senescence, the death of the
photosynthesizing tissues occurs and this results in chlorophyll
catabolism (42-44). A yellowing of the leaves is the most
obvious phenotypic change in leaf senescence (45). It is caused
by the dismantling of the pigment-protein complexes of
chloroplasts and a degradation of the constituent chlorophyll
(46). We measured the chlorophyll amounts and did not see any
significant changes compared to the control (Figure 5).

Membrane integrity is crucial to cell viability. High levels of
membrane integrity loss are clear symptoms of cell death (47,
48).The percentage of death cells is an important parameter for
leaf senescence. In parallel with our results, we did not detect
any changes in cell death amounts compared to the control
groups (Figure 6). Our results related to leaf senescence show
that KAR: does not have any effect on leaf segment senescence
in the 1-100 uM concentration range.

Biochemically, senescence is characterized by the degradation
of macro-molecules, such as chlorophylls, proteins, membrane
lipids and RNA, and metabolically these events replace carbon
assimilation (49). In our study we found no changes in protein
content following the KAR: application (Figure 7).

CONCLUSION

In the light of this data, this study suggests that KAR: promotes
seed germination even at 1 nM in wheat. Our results indicate
that 1 uM KAR: is more effective for promoting seed germination
in wheat seeds. However, neither a stimulatory nor inhibitory
effect of KAR1 on the leaf segment senescence in wheat leaves
was observed.
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ABSTRACT

Objective: The purpose of this study was to evaluate the protective effect of N-acetylcystein (NAC) on ovarian tissue and
serum levels of follicle stimulating hormone (FSH), luteinizing hormone (LH), estradiol, and progesterone in Acrylamide (AA)-
treated adult rats.

Materials and Methods: Forty-two adult female Wistar rats were randomly assigned into 7 groups of 6 including: a control
group without treatment, a placebo group received distilled water intraperitoneally, an AA group received 50 mg/kg by oral
gavage, a NAC group received 40 mg/kg intraperitoneally, an AA+NAC10, AA+NAC20 and an AA+NAC40 groups received
10, 20 and 40 mg/kg of NAC intraperitoneally, respectively and then also received 50 mg/kg AA by oral gavage for 28 days.
Serum levels of FSH, LH, estradiol and progesterone were measured by radioimmunoassay method and ovarian tissue was
evaluated histopathologically.

Results: Administrating AA alone decreased the number of ovarian follicles, corpus luteum and the levels of FSH, estradiol
and progesterone, while increased the number of atretic follicles and LH level compared to the control, placebo and NAC
groups (p<0.05). The administration of NAC alone had no effect on the number of ovarian follicles, corpus luteum and the level
of hormones compared to the control and placebo groups (p>0.05). Following AA+NAC20 and AA+NAC40 administration
and not AA+NAC10, the number of ovarian follicles, corpus luteum and also the levels of FSH, estradiol and progesterone
increased, while the number of atretic follicles and LH level decreased (p<0.05), which was in a dose-dependent manner
compared to the AA group.

Conclusion: NAC could recover the AA female rat reproductive toxicity in a dose-dependent manner, and improved
folliculogenesis.
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INTRODUCTION

Acrylamide (AA) also known as acrylic acid amide or
propanamide is an unsaturated amide with the chemical
formula CH,=CH-CONH,, which exists in two mono- and
polymeric forms (1). The monomeric AA is mutagenic and
tumorigenic in human and laboratory animals, but the toxic
effects of its polymeric form have not yet been recognized
(2). AAis producedin alarge amountin starchy foods cooked
at high-temperature (120°C) such as potato, corn, and
wheat, which is due to the presence of asparagine amino
acid (150-4000 pg/kg) and in foods containing protein in
an average amount (5-50 pg/kg) and it has raised a general
concern in societies that consume a large amount of AA-rich
foods (3,4). AA is rapidly metabolized in the body, and its
metabolites are normally excreted by urine (1). In humans
and rodents, AA is oxidized by CYP450 2E1 and converts into
glycidamide (GA) which is an epoxide derivative. Studies
show that both in vivo and in vitro, GA has genotoxicity
features (5). Glutathione S-transferase (GST) is a metabolic
enzyme that plays an important role in reducing oxidative
stress and eliminating free radicals. The conjugation of AA
or its metabolite, i.e. GA with GST enzyme, disrupts cellular
function and causes cell death. Studies have also indicated
that the destructive effects of AA or GA are by influencing
sulfhydryl groups of proteins (6,7). Due to AA poisoning,
the level of glutathione decreases and the body’s defense
system against free radicals weakens (8). Free radicals
combine with cell membrane and unsaturated fatty acids,
producingradical lipids with oxygen molecule and asaresult,
phospholipids in the endoplasmic reticulum decompose
and release enzymes, which ultimately lead to cell death (9).
Some studies represent that AA has destructive effects on
the reproductive system of both male and female (10-13).
AA-treated rats have low-weight ovaries and low-quality or
undeveloped oocytes due to increased oxidative stress and
this can lead to a significant reduction in the fertilization
rate or low-quality embryos and consequently subfertility
or infertility (12).

N-acetylcystein (NAC) is a kind of acetylated L-amino acid,
used as an antidote for acetaminophen poisoning, as well
as for treating various disorders associated with oxidative
stress (14). Studies have shown that during oxidative
stress that decreases glutathione levels, NAC can act as
an antioxidant by increasing glutathione and naturally
neutralizes the effects of intracellular damage of free
radicals by repairing oxidative damage or collecting oxygen
reactive species (15). In previous studies, severe side effects
associated with NAC consumption have not been reported
so that its consumption at high doses for one year was
uncomplicated (16). Therefore, in the current study, the
protective effect of NAC on ovarian tissue and serum levels
of follicle stimulating hormone (FSH), luteinizing hormone
(LH), estradiol, and progesterone in AA-treated adult rats
were studied.
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MATERIALS AND METHODS

Animals

In the present experimental study, 42 adult female Wistar rats
weighing 220+20 g and 8 weeks old were provided from the
animals’ house at the Islamic Azad University of Kazerun. All
animals were maintained on a 12 h/12 h light-dark cycle at
22+2°C and 70% relative humidity in polycarbonate cages and
they had free access to sufficient water and food ad libitum.
Before any experimental manipulation, the animals were kept
together for two weeks to adapt to the laboratory conditions.
The current study was approved by the Ethics Committee of the
Islamic Azad University of Kazerun, Iran, regarding to work with
laboratory animal care (Ethical No: IR.Kiau 16330525651006).

Experimental Design

Animals were randomly divided into 7 groups of 6 control,
placebo, AA, NAC, AA+NAC10, AA+NAC20 and AA+NAC40
groups. The control group did not receive any treatment.
Because the medications’ solvent in this study was distilled
water, animals in the placebo group received distilled water
intraperitoneally. The animals in AA group received 50 mg/kg
AA (Merck, Germany) by oral gavage. In NAC group, the animals
received 40 mg/kg NAC (Merck, Germany) intraperitoneally. The
rats in AA+NAC10, AA+NAC20 and AA+NAC40 groups received
10, 20 and 40 mg/kg NAC intraperitoneally, respectively at 9
o'clock in the morning and then received 50 mg/kg AA by oral
gavage at 5 oclock in the afternoon. All groups were treated
over a period of 28 days. The basis for selecting the dose of AA
and NAC was based on the previous studies (10,17). Regarding
the above mentioned protocol, after receiving the last dose
of AA, the animals were anesthetized using ether and blood
sampling was carried out directly from the heart. Then, for
histological evaluations, the left and right ovaries of all rats
were removed from the abdominal cavity.

Before starting the treatment, vaginal smear was prepared to
ensure that all rats were at one stage of the estrus cycle. For
this purpose, 100 pg of estradiol valerate (Aboreyhan, Iran),
dissolved in 0.2 ml of olive oil, was injected intramuscularly
using an insulin syringe. After 42 hours, 50 ug of progesterone
(Aboreyhan, Iran) was injected intramuscularly. Six hours after
the injection of progesterone, the vaginal smear was prepared
and examined by light microscope. The previous method was
used to determine the stages of estrous cycle. In this method,
each stage of the estrus cycle is detected based on the ratio
between three types of cell population (epithelial cells,
keratinized cells and leukocytes) observed in vaginal smear
(18). Microscopic observations showed that all the rats were
synchronized in the estrous phase.

Hormonal Analysis

Using a 5ml syringe, blood sampling was done directly from
the heart. After agglutination process in the laboratory, the
blood samples were centrifuged for 5 minutes at 3000 rpm to
discrete the serum. The serums were stored at -20°C prior to
FSH, LH, estradiol, and progesterone measurement. The serum
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levels of FSH, LH, estradiol and progesterone were measured
using radioimmunoassay (RIA) kits (FSH and LH: BT Lab, China;
Estradiol and Progesterone: IBL, Germany) according to the
manufacturer’s instructions.

Based on the RIA kits, 125 pl of the standard solution was
decanted into NSB tube and then 25 pl of the serum was
added. 500 pl of the labeled solution was added and 100 pl
of antiserum was added at the last step and incubated for 60
minutes at 37°C. Then, the amount of 1000 pl of the secondary
antibody was added and incubated for 15 minutes at 20 to
35°C. At the final stage, the mixture was centrifuged at 2000
rpm for 20 minutes, and after separating the supernatant, the
levels of hormones were counted using a gamma counter
(Kentron, Switzerland).

Histopathologic Analysis of Ovarian Tissue

After blood sampling, the left and right ovaries of all animals
were removed and once the surrounding adipose tissue was
removed, they were fixed in a 10% buffered formalin solution.
After standard histological processing, the samples were
blocked in paraffin and then, using a microtome (Aisan, China),
midsagittal and longitudinal serial sections of 5 um thickness
were prepared and stained with hematoxylin-eosin (Merck,
Germany). Under the light microscope (Nikon, Tokyo, Japan),
the number of primary follicles, secondary follicles, graafian
follicles, atretic follicles and corpus luteum were counted in
each section. Counting the follicles and corpus luteum were
performed in a spiral way from a point at the cortex in clockwise
direction toward the medulla.
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Statistical Analysis

Data were analyzed using SPSS version 20 software (SPSS Inc.,
Chicago, IL, USA). The normal distribution of the resulting
data was confirmed by non-parametric Kolmogorov-Smirnov
test. Then, all data were analyzed applying one way ANOVA
by bonferroni test at a significance level of p<0.05. The data
were described as mean + standard error (SE) in the graphs .
GraphPad Prism version 6 (GraphPad Prism, Inc., San Diego, CA,
USA) was used to represent the graphs.

RESULTS

Hormonal Findings

Based on the hormonal findings, there was no significant
difference in the serum levels of FSH, LH, estradiol and
progesterone among the control, placebo, NAC and
AA+NAC40 groups (p>0.05) (Figures 1A-1D). The serum Levels
of FSH, estradiol and progesterone in the AA and AA+NAC10
groups were decreased significantly compared to the control,
placebo, NAC and AA+NAC40 groups (p<0.05) (Figures 1A,
1C and 1D), but the level of LH increased significantly in both
groups compared to the control, placebo, NAC and AA+NAC40
groups (p<0.05) (Figure 1B). The serum levels of FSH, estradiol
and progesterone in AA+NAC10, AA+NAC20 and AA+NAC40
groups were increased in a dose-dependent manner
compared to the AA group, and were significantly different in
AA+NAC20 and AA+NAC40 groups. Conversely, the level of LH
was decreased compared to AA group in a dose-dependent
manner, and was significantly different in AA+NAC40 group
(p<0.05) (Figure 1B).
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Figure 1. A-D. Comparison of mean and standard error of the serum levels of FSH, LH, estradiol and progesterone in control, placebo,
AA-treated rats in AA group, NAC-treated rats in NAC group and AA+NAC-treated rats in AA+NAC10, AA+NAC20 and AA+NAC40 groups.
a: compared to control group; b: compared to placebo group; c: compared to AA group; d: compared to NAC group; e: compared to
AA+NAC10 group; f: compared to AA+NAC20 group (a, b, ¢, d, e and f= p<0.05).
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Histopathologic Findings

Figure 2 compares the mean and the standard error of the
number of primary follicles, secondary follicles, graafian
follicles and corpus luteum. There was no significant
difference in the number of primary follicles, secondary
follicles, graafian follicles and corpus luteum among the
control, placebo, NAC, AA+NAC20 and AA+NAC40 groups
(p>0.05) (Figures 2A-2D). Also, there was no significant
difference in the number of graafian follicles among the
control, placebo, NACand AA+NAC10 groups (p>0.05) (Figure
2C). The number of primary follicles, secondary follicles and
corpus luteum in the AA group was significantly decreased
compared to the control, placebo, NAC, AA+NAC20 and
AA+NAC40 groups (p<0.05) (Figures 2A, 2B and 2D).
Furthermore , the number of graafian follicles in the AA
group was significantly decreased compared to the control,
placebo, NAC, AA+NAC10, AA+NAC20 and AA+NAC40
groups (p<0.05) (Figure 2C). The number of primary follicles,
secondary follicles and corpus luteum increased in a dose-
dependent manner in the AA+NAC10, AA+NAC20 and
AA+NAC40 groups in comparison to the AA group, and this
increase was significant in the AA+NAC20 and AA+NAC40
groups (p<0.05) (Figures 2A, 2B and 2D). Also, the number
of graafian follicles in the AA+NAC10, AA+NAC20 and
AA+NAC40 groups was significantly increased in comparison
with the AA group (p<0.05) (Figure 2C).
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Figure 3 compares the mean and standard error of the number
of atretic follicles. There was no significant difference in the
number of atretic follicles among the control, placebo, NAC,
AA+NAC20 and AA+NAC40 groups (p>0.05), but the number
of atretic follicles increased significantly in AA and AA+NAC10
groups compared to the control, placebo, NAC, AA+NAC20 and
AA+NAC40 groups (p<0.05).
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Figure 3. Comparison of mean and standard error of atretic
follicles in control, placebo, AA-treated rats in AA group,
NAC-treated rats in NAC group and AA+NAC-treated rats in
AA+NAC10, AA+NAC20 and AA+NAC40 groups. a: compared to
control group; b: compared to placebo group; c: compared to AA
group; d: compared to NAC group; e: compared to AA+NAC10
group (a, b, ¢, d and e= p<0.05).
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Figure 2. A-D. Comparison of mean and standard error of the number of primary follicles, secondary follicles, graafian follicles and
corpus luteum in control, placebo, AA-treated rats in AA group, NAC-treated rats in NAC group and AA+NAC-treated rats in AA+NAC10,
AA+NAC20 and AA+NAC40 groups. a: compared to control group; b: compared to placebo group; c: compared to AA group; d: compared
to NAC group; e: compared to AA+NAC10 group (a, b, ¢, d and e= p<0.05).
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Figure 4. A-G. Photomicrograph of ovarian tissue in rats treated with AA, NAC and AA+NAC in different groups. In control (A) and
placebo (B) groups, types of ovarian follicles and normal folliculogenesis are observed. In the AA group (C) the reduction of ovarian
follicles and elevation of atretic follicles can be observed. In the NAC group (D) graafian follicles along with a thick layer of granulosa
are observed. In AA+NAC10 group (E) a large number of atretic follicles are observed. In the AA+NAC20 (F) and AA+NAC40 (G) groups
different ovarian follicles are seen. Folliculogenesis has been improved. PF: Primary follicle; SF: Secondary follicle; GF: Graafian follicle; CL:
Corpus luteum; AT: Atretic follicle. H & E staining. The photos are with 10X magnification. Black bars: 50 um.

Figure 4 represents the morphology of ovarian tissue in
different groups. The histological sections of the ovaries in the
control, placebo, NAC, AA+NAC20 and AA+NAC40 groups show
normal folliculogenesis with all types of follicles, including
graafian follicles with a thick layer of granulosa cells and corpus
luteum (Figures 4A, 4B, 4D, 4F and 4G). In AA and AA+NAC10
groups, atretic follicles with a very thin granulosa layer, which is
characterized by cystic follicles and few corpus luteum indicating
ovulation decrease, were observed (Figures 4C and 4E).
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DISCUSSION

In the present study, the effect of NAC administration on the
changes of ovarian tissue and the serum levels of FSH, LH,
estradiol and progesterone was evaluated in AA-treated rats. Our
results showed that the number of primary follicles, secondary
follicles, graafian follicles and corpus luteum decreased
significantly while the number of atretic follicles increased
significantly by administering 50 mg/kg AA in AA group
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compared to the control, placebo and NAC groups. Although
toxic effects of AA on male reproductive system have been
investigated in several studies, few quantitative studies have
been done on the female reproductive system. It was suggested
that administering different amounts of AA (20 and 40 mg/kg)
in rats decreases the number of primordial follicles and corpus
luteum, while the increase in the number of primary and antral
follicles was observed in a dose-dependent manner (10).

The results of this study as well as our study suggest that
AA can affect follicular growth, development and atresia in
different stages and prevent the formation of corpus luteum
as a normal ovarian function index. It was indicated that the
low dose-administration of AA in rats, infertility can occur due
to the reduction of mature follicles and cystic changes in the
ovary (11). In this study, the administration of AA decreased
FSH, estradiol and progesterone levels and increased LH level.
It has been indicated that AA can decrease the FSH level in a
dose-dependent manner, and also affect the proliferation and
survival of granulose cells, therefore, it seems that the reduction
in estradiol level may be due to decreased level of FSH and
the degradation of granulosa cells function (10,19). The main
function of the corpus luteum is secreting progesterone, so
reduced level of progesterone can be due to the reduction of
the corpus luteum following AA administration (19). An elevated
level of LH with a reduced level of estradiol and progesterone
suggest that the pituitary-gonad axis can provide a suitable
negative feedback after reducing estradiol and progesterone
levels as a result of AA administration.

NAC s alow molecular weight thiol derived from cysteine amino
acid and due to antioxidant, anti-aging and anti-inflammatory
activities, it has an important role in reducing oxidative stress,
eliminating ROS and improving nitric oxide activity (20,21).
Some studies confirm the protective and positive effects of
NAC on various tissues of the body, including the liver, kidney,
intestine and ovary (22-25). In patients with polycystic ovarian
syndrome, NAC can decrease and increase insulin level and
peripheral insulin sensitivity, respectively, nevertheless, co-
administer ing of NAC and assisted reproductive technology
medications does not significantly increase the number of
ovarian follicles in these patients (26). It was demonstrated
that the NAC administration in AA-treated rats can decrease
the level of Malondialdehyde and increase glutathione level
and GST activity in the liver and intestine (27). The results of
this study showed that administering NAC at a dose of 40 mg/
kg in the NAC group does not influence the level of FSH, LH,
estradiol and progesterone and also the number of ovarian
follicles and corpus luteum compared to control and placebo
groups. In confirmation of our results, it has been shown that
in NAC-treated pregnant rats, the progesterone level and the
number of corpus luteum did not change in comparison with
the control group (28). What's more , It was revealed that the
administration of 100 mg/kg of NAC in male rats did not affect
the serum levels of FSH, LH and testosterone compared to the
control group (13). It seems that administering NAC alone in
this study does not affect the level of the pituitary-gonadal
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axis hormones as well as the number of ovarian follicles and
the corpus luteum. However, it has been shown that proper
treatment with NAC delayed the rate of apoptosis and death of
healthy follicles during the aging process of the ovary and since
oocytes and follicles can be exposed to oxidative stress in the
body, so the ovary can be a proper place for NAC activity (29).

Based on our observations in the current study, administer ing
NAC at 20 and 40 mg/kg in AA-treated rats was significantly
increased the number of primary follicles, secondary follicles,
graafian follicles and corpus luteum, but the number of atretic
follicles was significantly increased compared to AA groups;
while there was no significant difference between control,
placebo and NAC groups. Also, our study represented that
the levels of FSH, LH, estradiol and progesterone after NAC
administration at 40 mg/kg in AA-treated rats did not differ
significantly with control, placebo and NAC groups. Follicular
atresia is a natural process dependent on the developmental
stage and apoptosis plays an important role in this process.
AA has been shown to increase follicular atresia in primordial
and primary follicles. It has been suggested that AA can induce
caspase enzymes in oocytes and causes proteolysis of vimentin
intermediate filament, which results in apoptosis promotion
(30). Nitric oxide plays an important role in modulating
oxidative stress, and its excessive increase can be cytotoxic
by reacting with reactive oxygen and nitrogen species that
impairs mitochondrial function (28). It has also been indicated
that nitric oxide (NO) plays an important role in folliculogenesis,
follicular atresia, oocyte development, ovulation, luteolysis,
and steroidogenesis. NO is synthesized by nitric oxide synthase
(NOS) and AA can exert its toxic effects through NOS pathway
on the female reproductive system (10). Nevertheless, it appears
that NAC can modulate the toxic effects of AA on the ovary by
affecting the NOS activity (21,28).

CONCLUSION

Our study shows that AA has toxic effects on ovaries and could
impair the folliculogenesis as well as the level of pituitary-
gonadal axis hormones in the rats. The administration of NAC
in healthy female rats did not influence the folliculogenesis
and pituitary-gonadal hormones levels. Administering NAC at
different doses in AA-treated rats doesn’t have a similar effect on
follicular development and atresia as well as pituitary-ovarian
axis hormones. The lowest effect of NAC was observed at 10 mg/
kg, while 20 and 40 mg/kg NAC had the highest effect on the
folliculogenesis and levels of pituitary-ovarian axis hormones
in AA-treated rats, respectively. Therefore, administering NAC
in AA-treated rats could improve folliculogenesis and serum
levels of pituitary-ovarian axis hormones in a dose-dependent
manner. Therefore, NAC supplementation may be beneficial
when there is a risk of AA female reprotoxicity.
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ABSTRACT

Objective: Targeted cancer therapy using targeted cell proliferation inhibitors has become increasingly more critical. Studies
conducted over the last decade have shown that non-steroidal drugs containing salicylic acid (SA) such as aspirin reduce
mortality in many cancers. From this perspective, there are data suggesting SA as a potential inhibitor of the mitogenic
MEK1/2 (mitogen-activated-protein-kinase, MAPK), extracellular-signal regulated-protein-kinase (ERK)) signaling, which
could be highly effective in the prevention of proliferation in cancer. To date, no study has been conducted on the effect of
SA on MEK1/2 signaling in neuroblastoma cells. Thus, the aim of this study is to reveal whether SA has an effect on MEK1/2
signaling in neuroblastoma cancer which is a frequent pediatric cancer with poor prognosis.

Materials and Methods: The purpose of this study was to investigate whether a SA analog acibenzolar-S-methyl had an
effect on the MEK1/2 signaling pathway and on cell viability in SH-SY5Y neuroblastoma cells by MTS (3-(4,5-dimethylthiazol-
2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) cell viability analysis and MEK1/2 and active caspase-3
detection by western blotting technique.

Results: MTS cell viability test indicated that 10 mM acibenzolar-S-methyl reduces cell viability by 50%. Western blotting
results of 10 mM acibenzolar-S-methyl-treated cells showed that MEK1/2 signaling was significantly inhibited in SH-SY5H
cells. Besides, an increase in active-caspase-3 levels provided insight into acibenzolar-S-methyl’s apoptotic effect which
needs further morphological apoptotic data.

Conclusion: Our research is the first to show that SA analog acibenzolar-S-methyl negatively affects MEK1/2 signaling
causing the death of SH-SY5Y neuroblastoma cells. Our results can give insight not only into understanding the mechanisms
of carcinogenesis but also into developing effective treatment methods.

Keywords: Salicylic acid, Acibenzolar-S-Methyl, MEK1/2, SH-SY5Y, neuroblastoma cancer

INTRODUCTION attention. By means of targeted inhibitors, successful

results can be achieved by suppressing cell proliferation
Signal transduction is an important part of a complex 5. g growth during tumorigenesis. To this end,
system which organizes many cellular activities in  ¢oyeral important studies have been performed and
the cell and regulates their behavior. Errors in signal  asits showed that low dose aspirin which contains
transduction are, therefore the main cause of diseases salicylic acid (SA) reduces the incidence and mortality

such as cancer, autoimmunity, and diabetes. Thus,  of colorectal, breast, gastric, lung or other cancers (2-6).
metabolic functions related to signal transduction have

become the mostimportant focus of cancer biology (1). ~ Furthermore, researchers examining the effect of SA

on a hepatoma cell line have shown that SA can inhibit
In this regard, targeting mitogenic and/or survival proliferation and induce apoptosis of the hepatoma
signals in order to suppress cell proliferation or cell o[l line in a time and dose-dependent manner (7). In
growth through targeted inhibitors is getting more  4qgition, in a study of human colorectal tumor cell lines,
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the effect of salicylate, aspirin metabolite, on these cell lines
was determined. Salicylate showed dose-dependent inhibitory
effects in all cell lines (8). All these studies indicate that SA may
be protective and preventive against cancer.

At this point, one could pose a question regarding what the
mechanism of the apoptotic action of salicylate in cancer is. In
this context, the high number of protein kinases modulated by
salicylate may provide a strong explanation for the apoptotic
effect of salicylate on cancer cells. From this perspective,
a considerable amount of data suggests that SA may have
an effect on the mitogenic MAPK/ERK (mitogen-activated
protein kinase/extracellular signal-regulated kinases) signaling
pathway, one of the cell’s most vital signaling pathways (9,10).

MAPK enzymes found in all eukaryotic cells are the intersections
and/or junctions of mitogenic stimuli received by different
receptors. In response to the stimuli it receives, the intracellular
signal is transferred to the small oncogenic G-protein Ras and
then to the Raf (MEK kinase) protein, which then activates
MEK1/2 (MAPK/ERK kinase or MAP kinase kinase) signal
proteins. Activated MEK1/2 phosphorylates and activates
ERK1/2 which ultimately regulates essential cellular events such
as gene expression, mitosis, cell viability, apoptosis, cellular
metabolism, differentiation and motility (11). As is evident from
its function, MEK1/2 is one of the key regulators of MAPK/ERK
signaling cascade.

There is a study conducted with A549 human lung cancer cells
demonstrating that SA may have a suppressing effect on this
vital signaling pathway (9). In the afore-mentioned study the
said effect was demonstrated by disrupting the MAPK signaling
pathway by inhibiting the binding of c-Raf to the Ras protein (9).
This data is very important given the role of the MAPK signaling
pathway in processes such as cell proliferation, differentiation,
and survival.

Although it is true that in many cancers inhibiting MEK1/2
signaling results in apoptotic death, in certain types of cancer
such as melanoma, inhibiting MEK1/2 signaling could contrarily
contribute to resistance to apoptosis (10) pointing out the
heterogeneous nature of the molecular and genetic basis of
cancer.

However, little is known about the role and effect of MEK1/2
signaling in neuroblastoma cancer, and no studies have as yet
been conducted on the effect of SA on this signaling pathway.
There are only a few studies indicating that the MAPK signaling
pathway plays a role in the transformation of neuroblastoma
cells into transformed phenotype and in gaining resistance
to chemotherapy (12). In addition, we have demonstrated
through our recently completed study that inhibiting MEK1/2
signaling by specific MEK1/2 inhibitor U0126 in SH-SY5Y
neuroblastoma cells results in a significant decrease in cell
viability (unpublished data).

Taking into account that neuroblastoma is the most common
type of pediatric extracranial solid tumor in which 98% of the
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patients are under 10 years of age, and considering that the
disease has a very poor prognosis with a 30% long-term survival
rate (13,14), it would be of great value to investigate whether
SA has an effect on the MEK1/2 signaling and correlatively
on cell viability in neuroblastoma cells. With this aim in mind,
we treated SH-SY5H neuroblastoma cell line with an SA
analog, acibenzolar-S-methyl and we analyzed the effect of
acibenzolar-S-methyl on MEK 1/2 signaling and on cell viability.
Western blotting results of acibenzolar-S-methyl-treated cells
showed that MEK1/2 signaling was significantly inhibited. In
addition, we determined that active caspase-3 levels increased
upon acibenzolar-S-methyl treatment. Although this result is
promising for the apoptotic effect of acibenzolar-S-methyl in
SH-SY5Y cells, it needs further morphological analysis to be
able to exactly point out apoptosis in acibenzolar-S-methyl-
treated SH-SY5Y cells.

In this study, we showed for the first time that salicylic acid
analog acibenzolar-S-methyl negatively affects MEK1/2
signaling causing death of SH-SY5Y neuroblastoma cells. Our
study may become a guide not only for choosing the right
targets but also for choosing the right weapons in the fight
against cancer.

MATERIALS AND METHODS

Cell Culture

SH-SY5Y neuroblastoma cells were cultured at 37°C with 5% CO,
at 1 atmospheric pressure in high-glucose Dulbecco’s modified
Eagle medium (DMEM) containing 10% fetal bovine serum
(FBS), 2 mM L-Glutamine and antibiotics (100 U/mL penicillin
and 100 pg/mL streptomycin). When the cells reached sufficient
confluence, they were washed with sterile phosphate buffered
saline (PBS). Then, the cells were removed from the petri dish
with a 10X stock solution of 2.5% sterile trypsin-ethylene
diamine tetraacetic acid (Trypsin-EDTA).

Acibenzolar-S-methyl Treatment of SH-SY5Y cells

Firstly, SH-SY5Y cells were grown on 96 well-plates as 10*
cells/well and they were incubated at 37°C with %5 CO, for
~18-20 hours in order to obtain 60-80% confluency. Then,
Acibenzolar-S-methyl (Syngenta) was applied at 1, 10, 15 and
20 mM concentrations on cultured cells in order to investigate
the effect of different concentrations of acibenzolar-S-methyl
on SH-SY5Y cells to be able to determine the half-maximal
inhibitory concentration (IC50). For this aim, treated cells were
incubated at 37°C with %5 CO, for 24 and 48 hours.

MTS Cell Viability Assay

In order to investigate IC50 value for acibenzolar-S-methyl
on SH-SY5Y cells, MTS Cell Viability Assay (ab197010, Abcam)
was used according to the manufacturers’ instructions. Briefly,
20 ul MTS solution was added onto both cultured control SH-
SY5Y cells and SH-SY5Y cells which were treated with different
concentrations of acibenzolar-S-methyl and incubated for 24
and 48 hours. Then the cells were incubated for 3.5 hours at
37°C with 5% CO,,. After that, spectrophotometric analysis was
performed at 490 nm wavelength for absorbance measurement
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using SpectraMax® i3 Platform (Molecular Devices, LLC, San
Jose, CA, USA). Cell viability data were obtained from three
independent experiments and performed in triplicate wells.

Western Blotting

Total protein from acibenzolar-S-methyl-treated and control
SH-SY5Y cells was extracted using Whole Cell Extraction Kit
(2910, Millipore). The protein concentration was measured
using the Qubit™ Protein Assay Kit (Thermo Fisher Scientific)
and Qubit™ 3.0 Fluorometer. Equal amounts of samples (100
ug protein/ lane) were separated by SDS-PAGE (12.5% sodium
dodecyl sulfate-polyacrylamide electrophoresis according
to the molecular weight of the proteins) and transferred to
nitrocellulose membrane (sc-3724, Santa Cruz Biotechnology)
using Trans-Blot Turbo Transfer System (BioRad). The
membranes were blocked in 5% BSA/tris buffered saline-
tween (TBS-T) for 1 h at room temperature, stained with the
primary antibodies overnight at 4 °C and with the secondary
antibody for 1 h at room temperature. The following primary
antibodies were used at 1:1000 dilutions; mouse monoclonal
anti- MEK1/2 (sc-81504, Santa Cruz Biotechnology), mouse
monoclonal anti-calnexin (sc-80645, Santa Cruz Biotechnology)
and mouse monoclonal anti-caspase-3 (sc-271759, Santa
Cruz Biotechnology) at 1:500 dilution in 5%BSA/TBS-T. After
primary antibody incubation, membranes were washed 6
times with 1XTBS-T buffer at room temperature each for 5 min
and incubated with 1:1000 diluted anti-mouse IgGk light chain
binding protein (m-lgGk BP) conjugated to HRP (sc-516102,
Santa Cruz Biotechnology) for 1 h at room temperature. Blots
were visualized using Clarity Western ECL Substrate Kit (170-
5061, BioRad). Blots were scanned and the densities of the
specific bands were quantified and normalized with calnexin
as internal loading control using ChemiDoc™ Imaging Systems
(BioRad) and Lab 4.0 Software.

Integrative Pixel Analysis

For western blot images, Photoshop CS6 Software was used to
analyze the relative intensity of the protein bands. The relative
expressional value was normalized to 1 in untreated control
cells for each protein that was analyzed, and relative protein
expression fold changes of experimental groups were then
calculated.

Statistical Analysis

Statistical Package for the Social Sciences (SPSS) Statistical
Analysis Program was used and results were statistically
analyzed according to “paired-2 tailed student’s t-test”. p-value
under 0.05 was considered significant and p-value under 0.001
was considered very significant for all statistical analysis. Error
bars in the graphs were generated using *s.d. values for MTS
cell viability and western blotting analysis.

RESULTS

Acibenzolar-S-methyl Inhibited SH-SY5Y Neuroblastoma
Cell Line Proliferation

The MTS assay showed that the cell proliferation of SH-SY5Y
neuroblastoma cells was inhibited by acibenzolar-S-methyl
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treatment in a time and dose-dependent manner (Figures
1A-Q). Inverted microscopy images were taken by Leica DMi1
Inverted Microscope for cell culture (Leica, Wetzlar, Germany).
Compared with the control group, acibenzolar-S-methyl at
lower concentrations (1 mM) showed little inhibition effect
on cell viability, while the proliferation levels of 10, 15, and 20
mM acibenzolar-S-methyl treatment groups were obviously
decreased both at 24 and 48 h (data not shown for 48 hours).
Since the amount of decrease is similar and adequate for half of
cell growth inhibition (IC50) with both 24 h and 48 h incubation,
we did not further conduct 72 h experiment. For SH-SY5Y cells,
acibenzolar-S-methyl at the concentration of 10 mM caused
half of cell growth inhibition (IC50) at 24 h (Figure 1A ***p <
0.001). Therefore, this concentration and this time point were
used in all further experiments.

Acibenzolar-S-methyl Inhibited MEK1/2 Signaling in SH-
SY5Y Neuroblastoma Cell Line

To investigate the effect of acibenzolar-S-methyl on MEK1/2
signaling, Western blotting was performed with 10 mM
acibenzolar-S-methyl -treated SH-SY5Y cells using mouse
monoclonal anti- MEK1/2 (sc-81504, Santa Cruz Biotechnology)
and mouse monoclonal anti-calnexin (sc-80645, Santa Cruz
Biotechnology) as the internal control. Blotting results showed
that MEK1/2 signaling was significantly inhibited upon
acibenzolar-S-methyl treatment (Figures 2A and 2B, *** p<0.001).

Acibenzolar-S-methyl Induced Caspase-3 Activity in SH-
SY5Y Neuroblastoma Cell Line

The MTS assay showed that the viability of SH-SY5Y cells was
significantly decreased upon acibenzolar-S-methyl treatment
which was consistent with the decrease in MEK1/2 signaling. In
order to reveal whether the decrease in cell viability is associated
with the activation of a major apoptotic protein, caspase-3,
active-caspase 3 expression was analyzed by western blotting
using mouse monoclonal anti-caspase-3 (sc-271759, Santa
Cruz Biotechnology) and mouse monoclonal anti-calnexin
(sc-80645, Santa Cruz Biotechnology) as the internal control.
Western blotting results indicated that active-caspase 3 levels
significantly increased with acibenzolar-S-methyl treatment
(Figures 3A and 3B, *** p<0.001).

DISCUSSION

One of the major underlying mechanisms of diseases such
as cancer, autoimmunity, and diabetes is the disruption of
intracellular signaling cascades controlling cellular behavior
by organizing essential cellular activities in the cell. Thus, it has
become the most important focus of cancer biology to better
understand the molecular mechanisms of signal transduction
deficiency and its relation to cancer development (1). In this
regard, numerous studies showed that SA containing low dose
aspirin is protective against many cancers such as colorectal,
breast, gastric, lung cancers (2-6). The increasing number of
evidence indicated that SA has an apoptotic action in cancer
and this action may be due to its regulatory effect on mitogenic
MEK1/2 signaling cascade (9). In many cancers, inhibiting
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Figure 1. Inhibiting effects of acibenzolar-S-methyl on neuro-
blastoma cell line SH-SY5Y growth after exposure of 24h. (A)
Acibenzolar-S-methyl was added to each well of a 96- well
plate to yield the final concentrations of 1, 10,15 and 20 mM.
Cell viability was determined by the MTS assay and absor-
bance was measured at 490 nm using a microplate reader.
The graph indicates quantitative analysis of MTS results
which were expressed as percentages of proliferation com-
pared to the control. Bar represents mean values+SD. *** p
< 0.001 (B) Inverted microscopy image of control SH-SY5Y
cells (Magnification: 10X). The scale bar is 50um. (C) Inverted
microscopy image of 10 mM- Acibenzolar-S-methyl treated
SH-SY5Y cells (Magnification: 10X). The scale bar is 50um.

85

B

1,2
o
=
§ 1
.E 1 %
S 08 0,83
= ;
=
= 06
]
=
5
g 04
E 0,2

0

m Control m Acibenzolar-S-methyl

Figure 2. Inhibition effect of acibenzolar-S-methyl on MEK1/2
signaling in SH-SY5Y cells. (A) Western blotting membrane
was probed with MEK1/2 antibody and calnexin antibody
as internal control. (B) The graph indicates quantitative
analysis of signals in Panel A. Band intensity of MEK1/2 was
normalized according to calnexin. Numbers were calculated
according to experimental/control ratio of MEK1/2 expres-
sion and results were represented as fold change. The bar

represents mean values+SD. *** p < 0.001

MEK1/2 signaling results in apoptotic death, while in certain
types of cancers such as melanoma, inhibiting MEK1/2 signaling
conversely ends up with resistance to apoptosis (10). However,
a limited number of studies have been focused on the effect
of this signaling pathway in neuroblastoma cancer. Moreover,
there is no study about the effect of SA on MEK1/2 signaling.

In the present study, we investigated the effect of SA analog
acibenzolar-S-methyl on the MEK1/2 signaling and correlatively
on cell viability in neuroblastoma cells and we showed that
acibenzolar-S-methyl inhibited MEK1/2 signaling and this
inhibition has the potential to induce the death of SH-SY5Y
neuroblastoma cells.

Our results indicated that treating SH-SY5Y cells with 10 mM
acibenzolar-S-methyl downregulated MEK1/2 signaling (Figures
2A and 2B) which is consistent with the results of another study
conducted in A549 human lung cancer cells demonstrating the
suppressing effect of SA on MAPK signaling (9).

Furthermore, we aimed to make a preliminary interpretation
about the apoptotic effect of MEK1/2 signaling inhibition and
cell viability reducing effect of acibenzolar-S-methyl in SH-SY5Y
neuroblastoma cells. For this reason, we analyzed a very strong
apoptosis indicator, active caspase-3 protein levels by western
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blotting and we showed that there is a significant two-fold
increase in active-caspase 3 levels of acibenzolar-S-methyl-
treated and MEK1/2 inhibited SH-SY5Y cells (Figures 3A and 3B).
This result correlates with the results of the studies performed
with human colorectal tumor cell lines and hepatoma cell line
showing dose- and time-dependent apoptotic effect of SA
(7,8), and also with the results of the study performed with A549
human lung cancer cells demonstrating the suppressing and
apoptotic effect of SA on MAPK signaling (9). On the other hand,
our result is inconsistent with the results of the study showing
that inhibiting MEK1/2 signaling contributes to resistance to
apoptosis in melanoma cells (10). This contradiction implies that
the molecular basis of cancer may be quite heterogeneous and
thereby peculiar to each type of cancer. Thus, all these results
strongly emphasize the importance of a better understanding
of each cancer type-specific molecular mechanism in order
to find an effective way to regulate the right targets for
convenient treatment modalities. For this reason, although
our active caspase-3 analysis implies that SA may be apoptotic
against certain cancers, further apoptosis studies are needed to
conclude a causal association between acibenzolar-S-methyl
treatment and apoptosis in SH-SY5Y cells.
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Figure 3. Activation of caspase-3 upon acibenzolar-S-methyl
treatment in SH-SY5Y cells. (A) Western blotting membrane
was probed with caspase-3 antibody and calnexin antibody
as internal control. (B) Graph indicates quantitative analysis
of signals in Panel A. Band intensity of caspase-3 was nor-
malized according to calnexin. Numbers were calculated ac-
cording to experimental/control ratio of caspase-3 expres-
sion and results were represented as fold change. The bar
represents mean values+SD. *** p < 0.001
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For further studies, investigating the utility of SA or its analogs as
anti-cancer agents in neuroblastoma, non-cancerous healthy cell
lines may be utilized to clearly analyze and compare the effects
and side effects of SA in both cancerous and non-cancerous cells.
Besides, in vitro studies should be performed with neuroblastoma
patient samples as well as in vivo studies with disease models to
analyze its exact effectiveness in living organisms.

CONCLUSION

In this study, we showed for the first time that SA analog
acibenzolar-S-methyl negatively affects MEK1/2 signaling
and decreases viability of SH-SY5Y neuroblastoma cells. Since
there are studies demonstrating the cancer-promoting anti-
apoptotic properties of SA in some cancers such as melanoma,
to obtain a preliminary apoptosis data we performed active
caspase-3 analysis and showed that it may be pro-apoptotic for
SH-SY5Y neuroblastoma cells which needs further exploration.
In this regard, considering the heterogeneous and idiosyncratic
nature of each cancer type, this study has the potential to
enable the selection of appropriate therapeutic targets and the
development of effective diagnosis and treatment strategies for
many cancers, particularly for neuroblastoma cancer.
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ABSTRACT

Objective: The genetic diversity parameters for gazelle populations sampled in Turkey were estimated to assess the effects
of captive breeding on the populations’ gene pools and effective population sizes.

Materials and Methods: Four individuals from a recently discovered Gazella gazella population in Hatay and two captive
gazelle populations were sampled (the Kizilkuyu State Farm (n=48) and the Erikce State Farm (n=25)) and analyzed using
nuclear DNA, mtDNA and Y-chromosome markers.

Results: The mtDNA cyt-b partial sequence analysis assigned the Erikge and Kizilkuyu samples to Gazella marica. The
structure analysis differentiated significantly between them, and revealed samples originating from wild population. Both,
the Y-chromosome INRA126 locus sequences of Gazella gazella and Gazella marica males and the mtDNA partial cyt-b region
RFLP analysis from all the samples distinguished the two gazelle species from each other. Based on microsatellites, the
estimated effective population sizes were 9.7, 8.9 and 6.4 for the Kizilkuyu, Erikce and Hatay populations, respectively. When
the Kizilkuyu and Erikce populations (where severe inbreeding depressions seems to be occurring already) were pooled, the
estimated Ne was 24.5. All these estimates were too small for the sustainability of either individual or pooled populations in
the wild or even in captivity.

Conclusion: The markers used in the study provided information on two of the gazelle species (Gazella marica, and Gazella
gazella): their species identity, degree of divergences, effective population sizes and the presence of admixture within the
populations. These results turned out to be invaluable in terms of their contribution to future studies for the conservation of
these species.
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INTRODUCTION

Gazelles belong to the genus Gazella in the Bovidae family.
They are the largest and the most diverse family of ungulates
(1) in the Artiodactyla order, and are distributed from Africa to
Northern Asia including South-eastern Anatolia and the Arabian
Peninsula (2). Due to the rapid decrease in their population
sizes in the wild, many gazelle species are on the IUCN Red List
of Threatened Species as reported by the IUCN/SSC Antelope
Specialist Group in 2008. For this reason, conservation studies
(e.g. captive breeding programs, reintroduction/introduction
studies) have been initiated for various gazelle species (3).

The plains of Central and Southeastern Anatolia with hilly
geographical structures as well as the climate conditions of
the region are highly suitable for gazelle species to inhabit that
region. Kasparek (4) reviewed the documents on the existence
of gazelles in Anatolia and reported that the first known reports
were from Bolvadin (Afyon), in Central Anatolia by the English
surgeon William Francis Ainsworth, in 1839. Furthermore,
Kasparek (4) provides documents on gazelle observations from
the 19" century addressing plains around the Adana region
suggesting the existence of two different gazelle species based
on their morphological differences. These two species were
thought to be Gazella dorcas (an African species) and Gazella
subgutturosa (mainly distributed in the western Asia and the
northern Arabian Peninsula).Yet, Kumerloeve et al. (5) suggested
that one of these species should have been Gazella gazella, a
dominant species of the Levantin and the Arabic Peninsula, not
the Dorcas Gazelle (Gazelle dorcas), as there is no evidence that
they spread further than Lebanon. Moreover, Kumerloeve (6, 7)
suggested that gazelles were distributed in the area between
the border of Turkey-Syria and the Northern plains of Sanlurfa,
and they reported gazelle observations especially around
Ceylanpinar. Having worked in the field, Turan (8) defined the
distribution of the gazelles from Northern Hatay (Kirikhan) to
Sirnak (Cizre), which corresponds the south-eastern border of
Turkey. Although Turan (8) identified the gazelle species he
observed as Gazella subgutturosa, he had his suspicions about
the presence of another gazelle species, Gazella dorcas, in the
same region. Yet, he did not reject Kumerloeve’s view on the
distribution of Dorcas gazelles. Lastly, he reported previous
sightings of gazelles in Igdir, Eastern Anatolia.

There are karyotypic (9) and habitat preference studies (10)
on gazelles around Sanliurfa. Morphological studies grouped
Anatolian gazelles into Gazella subgutturosa species (4, 6-8,
10-14). However, a phylogenetic study based on mitochondrial
DNA (mtDNA) cytochrome b gene (cyt-b) sequence has
shown the existence of another gazelle species, the Mountain
Gazelle (Gazella gazella), in Kirikhan, Hatay (see Figure 1) (15).
Furthermore, based on mtDNA cyt-b sequence analysis, they (15)
grouped Southeast Anatolian gazelles as Gazella subgutturosa
marica not as Gazella subgutturosa, as suggested by Wronski
et al. (16). Throughout the text, we referred to this species as
Gazella marica, rather than Gazella subgutturosa marica since it
was shown to be phylogenetically more closely related to the
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North-African species (e.g. Gazella cuvieriand Gazella leptoceros)
based on the sequence analyses of the mtDNA cytochrome
b gene. They emphasized considering Gazella marica as a
separate species due to the fact that misidentifications in
conservation studies would lead to severe consequences (17,
18). For example; studies based on mtDNA cyt-b and D-loop
sequences pinpointed the possible existence of reciprocally
monophyletic lineages of two Gazella gazella populations
(19, 20). Moreover, one of these populations was found to be
confined to a restricted region on the Golan Heights. Therefore,
in terms of conservation purposes, this population confined in
a small area can be treated as a separate species.

Among the mammal species, there seems to be more
complexity in the genus Gazella, and the number of studies is
low (21, 22). There are still unsolved conflicts in their taxonomy
based on morphometric, phenotypic and genetic data (23).
Table 1 below describes the common names and the scientific
names for the extinct and extant gazelle species present in the
literature. It also summarizes the geographical distribution of
these gazelle species in the old continents.

Table 1. Distribution and common names of Anatolian
gazelles: those which existed in the past or exist currently

Common Name(s) Scientific Name Distribution Area

Sahelo-Saharan

Region,
Dorcas Gazelle Gazella dorcas Southern Israel,
Syria,
Jordan
Mountains near
Mountain Gazelle HiRGEEEE (AifeE
. of South-eastern
Idmi Gazella gazella
. Turkey, Lebanon,
Arabian Gazelle .
Palestine, Golan,
Western Jordan
Tigris/Euphrates
Persian Gazelle Basin,
. Gazella
Goitered Gazelle N ——— Caucasus, Iran,
Black-tailed Gazelle g Turkmenistan,
China, Mongolia
Sand Gazelle Jlfji;o?i?;
Reem/Rheem Gazella marica/ Vb=
. . Oman, Southern
Arabian Sand Gazella s. marica . .
Arabia, United
Gazelle

Arab Emirates

The population sizes of Gazella marica groups are in continuous
decline and there are no wild subpopulations whose size
exceeds 1000 individuals. Therefore IUCN’s Antelope Specialist
Group declared them as “Vulnerable” based on the criteria,
C2a(i). Despite the law having banned illegal hunting since
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1957, the estimated population sizes of gazelles in Ceylanpinar,
Sanliurfa saw a very sharp decline (with only approximately 300
individuals remaining out of 3000) between the years 1968 and
1978 (13, 24). Following this rapid decline, the Ceylanpinar State
Farm was founded with 5 individuals from the wild in 1978 (“1”
in Figure. 1). Then, the Kizilkuyu and Erikce State Farms (“2”and
“3"in Figure 1, respectively) were established (n=24 in 1998
and n=29 in 1999, respectively) with individuals taken from
Ceylanpinar State Farm. The last State Farm, Hekimhan (“4” in
Figure 1), was founded in 2005 with 8 individuals taken from
Kizilkuyu State Farm. Afterwards, Kizilkuyu State Farm received
some Gazella marica stock from Ceylanpinar in 2009 (“5” in
Figure 1). Moreover, Erikce State Farm received Gazella marica
stock taken from the wilds of Kizilkuyu in 2009 and 2010 (“6”
in Figure 1). Meanwhile, reintroduction studies on the Kizilkuyu
wild from the Kizilkuyu State Farm were carried out several
times between 2005 and 2014. Based on the records of the
Ministry of Agriculture and Forestry (hereafter to be referred
to as the Ministry), the death of juveniles can occur especially
in the cold winter seasons on the state farms, even though
feeding supplements are always provided.

In this study, samples taken from two captive Gazella
marica populations were analyzed based on 17 autosomal
microsatellite loci, partial mtDNA cyt-b region and one

Y-chromosome SSR locus (INRA126) sequencing. In addition,
four individuals from the Gazella gazella population in Kirikhan,
Hatay were analyzed based on the same markers. The study
objectives were as follows:

(i) Estimation of the genetic diversity within and between
gazelle populations to evaluate the effects of captive-
breeding on both populations in terms of their gene pools
and effective population sizes in order to help developing
conservation strategies for these populations.

(ii) To confirm the presence of both species, Gazella marica
and Gazella gazella, in the Southeastern Anatolia based
on the mtDNA cyt-b sequences of the samples collected
independent of the previous studies.

(iii) To identify the endonucleases to be used in the Restriction
Fragment Length Polymorphism (RFLP) analysis of mtDNA
cyt-b fragments as a quick method to discriminate between
the two gazelle species of Anatolia.

(iv) Analyzing the diversity among two gazelle species based
on aY chromosome SSR locus, to be carried out for the first
time in current literature.

F
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Figure 1. The map showing the locations of Gazella marica breeding State Farms, the wild Gazella marica population and the wild
Gazella gazella population. The foundation years for the State Farms, the number of starting individuals and the source populations (the
direction is shown by the arrows) are also indicated on the map.

90



Eur J Biol 2019; 78(2): 88-102
Saatoglu et al. Genetic Diversity of Gazelles in Turkey

The Ministry’s plan for Erikce State Farm is to transfer all the
Gazella marica individuals to Aralik and establish a wild self-
sustaining Gazella gazella population there. All the first group of
individuals (n=25) introduced to Aralik (I§dir) were genetically
analyzed in the present study. The results of the present study
will be the springboard for a long term monitoring study on the
re-introduced Igdir population.

MATERIALS AND METHODS

The blood and tissue samples were collected with the approval
of the Selcuk University Veterinary Faculty Ethics Committee
(permit number: 2009/041) and were collected by the GDNPNP.

Samples and DNA Extraction

A total of 77 individuals were sampled (blood samples
collected in 10 ml vacuum tubes containing K,EDTA and/or
tissue samples collected in ethanol) from wild-living Gazella
gazella, and captive Gazella marica populations by the
Ministry and sent to our laboratory. Gazella marica samples
came from two different locations: Kizilkuyu (n=48; State
Farm and wild population in total) and Erikce State Farm
(n=25). The samples from the Kizilkuyu wild population were
from individuals shot by licensed hunters during hunting
seasons. Only four samples in the present study belonged
to the Gazella gazella species (Kirikhan, Hatay) provided by

Table 2. The names of the microsatellite loci used in the study, source organisms and related references

Loci Primer 5’-3’ Source of Loci Reference
RT1 TGCCTTCTTTCATCCAACAA Caribou 27
CATCTTCCCATCCTCTTTAC
ETHI10 GTTCAGGACTGGCCCTGCTAACA Bovine 28
CCTCCAGCCCACTTTCTCTTCTC
OarFCB304 CCCTAGGAGCTTTCAATAAAGAATCGG Ovine 29
CGCTGCTGTCAACTGGGTCAGGG
MM12 CAAGACAGGTGTTTCAATCT Bovine 30
ATCGACTCTGGGGATGATGT
BM848 TGGTTGGAAGGAAAACTTGG Bovine 31
CCCTCTGCTCCTCAAGACAC
BMC1009 GCACCAGCAGAGAGGACATT Bovine 32
ACCGGCTATTGTCCATCTTG
INRA40 TCAGTCTCCAGGAGAGAAAAC Bovine 33
CTCTGCCCTGGGGATGATTG
IDVGA29 CCCACAAGGTTATCTATCTCCAG Bovine 34
CCAAGAAGGTCCAAAGCATCCAC
BM4505 TTATCTTGGCTTCTGGGTGC Bovine 31
ATCTTCACTTGGGATGCAGG
ETH152 TACTCGTAGGGCAGGCTGCCTG Bovine 35
GAGACCTCAGGGTTGGTGATCAG
INRABERN172 CCACTTCCCTGTATCCTCCT Goat 36
GGTGCTCCCATTGTGTAGAC
TGLA122 CCCTCCTCCAGGTAAATCAGC Bovine 37
AATCACATGGCAAATAAGTACATAC
ILSTS005 GGAAGCAATGAAATCTATAGCC Bovine 38
TGTTCTGTGAGTTTGTAAGC
BM757 TGGAAACAATGTAAACCTGGG Bovine 31
TTGAGCCACCAAGGAACC
BM143 ACCTGGGAAGCCTCCATATC Bovine 31
CTGCAGGCAGATTCTTTATCG
CSSM39 AATCGGAACCTAGAATATTTTGAG Bovine 39
AGATAAAATGTGAGTGTGGTCTCC
CSSM43 AAAACTCTGGGAACTTGAAAACTA Bovine 39

GTTACAAATTTAAGAGACAGAGTT
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the locals in 2013-2014. The DNAs were extracted from blood
samples using the standard phenol:chloroform:isoamyl
alcohol method (25:24:1) (25). The DNAs from tissue samples
were extracted using the CTAB method adapted from
Winnepenninckx et al (26) at TUBITAK MRC laboratories. Stock
DNA samples were stored at -20°C, diluted DNA aliquots were
stored at +4°C for short-term use.

Microsatellite DNA Analysis

Seventeen microsatellite loci chosen from the literature (Table
2) were PCR amplified. After being checked by agarose gel
electrophoresis (1%, 1X TAE), the PCR products were genotyped
using the Beckman Coulter CEQ8800 Genetic Analysis System
based on capillary electrophoresis.

The genotypic data was first analysed for possible genotyping
errors during the experimental stage (e.g. the existence of null
alleles, short allele dominance) using MICRO-CHECKER 2.2.3
software (40). In addition, Linkage Disequilibrium (LD) was
tested (settings: 10.000 Markov Chain, 1.000 dememorization
steps and 5.000 number of batches) using the Arlequin v.3.5.1.3.
software (41).

The expected and observed heterozygosity (He, Ho)
parameters as well as deviations from the Hardy-Weinberg
Equlibirum (HWE) were calculated using Arlequin v.3.5.1.3
software (41). The allelic richness per locus was estimated
using the FSTAT V.2.9.3 package program (42) and the allelic
richness of the populations was tested for significance
using the Wilcoxon-Signed rank test (43). The Polymorphism
Information Content (PIC) for each locus was estimated using
CERVUS 3.0 (44). Moreover, the within and among population
differentiations based on F-statistics (45) were analyzed
using the FSTAT V.2.9.3 package program (42). For assessing
any possible genetic admixture, STRUCTURE v2.3.4 (46) was
used (settings: 10.000 burn-in, K=2-7 with 10 iterations).
Both Evanno et al's (47) and Tapio et al’s (48) methods were
employed for estimating the most likely K value, representing
the number of differing gene pools. Furthermore, similarity
coefficients were obtained by CLUMPP v1.1.2 (49) and Distruct
v1.1(50) was used to display the graphic results obtained from
STRUCTURE Software. Lastly, Effective Population Size (N
was estimated using Ne Estimator V.2.01 (51) for the gazelle
populations in the present study.

mtDNA Cytochrome b (cyt-b) Region
The partial cyt-b region was amplified by the primers L14724:
5'-CGAAGCTTGATATGAAAAACCATCGTTG-3' (52) and H15149:

5-AAACTGCAGCCCCTCAGAATGATATTTGTCCTCA-3'(53). Then,
PCR amplicons were bidirectionally sequenced using the
same PCR primers. The sequencing reactions were prepared
using Beckman Coulter’s GenomelLab Dye Terminator Cycle
Sequencing Quick Start Kit. Afterwards, the PCR products
were first ethanol precipitated, and then the chromatograms
were collected by capillary electrophoresis on the Beckman
Coulter CEQ8800 Genetic Analysis System. The sequences
were read by the Sequencing Analysis program implemented
within the system. The chromatograms were checked and
individual contigs were obtained by ChromasPro software
(http://www.technelysium.com.au/ChromasPro.html).  After
exporting the consensus sequences obtained from the contigs
in FASTA format, the sequences were aligned, edited and
trimmed using BioEdit software version 7.2.5 (54) for further
statistical analysis. Based on this data, first, the best nucleotide
substitution model was detected as Kimura 2 Parameter with
gamma distribution (G=0.23) and then a Neighbor joining
(NJ) tree was constructed with 1000 bootstrap values using
software MEGA version 6.06 (55). Finally, after examining the
sequences for possible RFLP, these partial mtDNA cyt-b gene
PCR products were cut by two restriction endonucleases
(Haelll, Hinfl), which had been suggested for distinguishing
between the gazelle species (18).

Y-Chromosome Analysis
Two microsatellite loci (Table 3) situated on the Y- chromosome
were amplified by PCR and then the purified PCR products were
sent to the private RefGen Company (http://www.refgen.com/)
for Sanger sequencing using the platform ABI PRISM® 3100
Genetic Analyzer System.

Estimating Life Parameters

The birth and death rates for the State farms were estimated
using the data provided by the Ministry to gain a general idea
about their current trend as both of these parameters are
affected by inbreeding in captive populations. The birthing
period for gazelles is from April to the end of May. To calculate
the birth rate; first the populations’ sizes were estimated before
and after the birthing period. Then the absolute difference
between these population sizes was taken. Finally, this number
(the difference) was divided into the number of females present
before the birth. Moreover, the death rate was calculated
by dividing the number of deaths into the census size of the
populations including newborns of that year. The trends in
these estimated parameters were compared with the other
findings of the present study.

Table 3. The Y-chromosome microsatellite loci used in the study: the primer sequences, the source organism and related

references
Loci Primer 5’-3’ Source Organism Reference
INRA126 GTTGTTGCCTCTGCAGAGTAGG Bovine 33
GACACTCTTTCTATTTTCAAGG
UMNO0103 ACACAGAGTATTCACCTGAG Bovine 56
ATTTACCTGGGTCAAAGCAC
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RESULTS

Genetic Variation Based on Microsatellite Loci

Among the 17 microsatellite markers, BM143 and CSSM39 had
the lowest number of alleles, whereas INRA40 and OarFCB304
had the highest. The observed allele ranges and the number
of observed alleles per population for each locus are given in
Table 4.

Table 4. The allele ranges for each loci and the number of
alleles per locus per population observed in the study

Gazella gazella Gazella marica
Locus/Pop. gt ety o T (e
RT1 196-200 3 3 3 2
ETH10 213-245 10 8 10 6
OARFCB304 144-174 10 9 12 4
MM12 79-81 2 2 2 2
BM848 207-229 5 5 6 2
BMC1009 274-300 8 5 8 4
INRA40 201-297 12 7 12 5
IDVGA29 99-132 3 1 3 5
BM4505 196-254 10 5 10 1
ETH152 192-210 1 1 1 5
INRABERN172 229-251 8 6 9 5
TGLA122 122-126 3 3 3 3
ILSTS005 179-195 5 3 6 6
BM757 159-201 4 2 4 2
BM143 84-114 1 1 1 1
CSSM39 177-183 1 2 2 1
CSSm43 246-264 9 7 9 4

Presence of null alleles and LD

There was a signal indicating the possibility of null allele in the
Kizilkuyu population for the locus IDVGA29 when the data was
analyzed using MICROCHECKER 2.2.3 software (40). Therefore,
this locus was excluded from further analysis. Linkage
Disequilibrium analysis with Bonferroni Correction for the
pairwise comparisons of the remaining 16 loci within the study
populations did not result in a significant deviation. In addition,
there was no significant deviation from the HWE detected in
any locus in any population.

Diversity Estimates and Allelic Richness

The average expected heterozygosity per locus per population
was calculated as 0.69 for the Kizilkkuyu Gazella marica
population, 0.63 for the Erikge Gazella marica population and
0.602 for the Hatay Gazella gazella population. The average
observed and expected heterozygosity estimates per locus per
population and overall averages are given in Table 5.
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For the Kizilkuyu population, thirteen out of sixteen allelic
richness (AR) estimates were equal to or slightly higher than
the Erikce population, and when tested, a significant difference
was detected between the Kizilkuyu and Erikce populations
(p<0.05) using the Wilcoxon-Signed rank test (43) based on AR
estimates. The average maximum and minimum mean allelic
richness estimates among the loci analysed were 9.338 for
OarFCB304, and 1.000 for both ETH152 and BM143. In addition,
the most informative locus based on PIC estimates was ETH10
(0.801) and the least informative ones were ETH152 and BM143
(0.000). As larger samples are expected to have more alleles,
a rarefaction algorithm was employed in these estimates to
correct for sample size differences.

The pairwise F_ measures were estimated for three of the
populations (Kizilkuyu, Erikce and Hatay) and the pairwise
genetic differentiation between the study populations was
found to be statistically significant (p<0.01, see Table 6)
after applying permutation tests with Bonferroni Correction.
However, it must be noted that the pairwise F; estimate for the
Kizilkuyu and Erikce populations (0.0444) is <0.05; therefore, it
can be considered as “non-significant” when Wright's scale (57)
is applied since it interprets F_ estimates as non-significant for
values < 0.05, significant for values between 0.05 and 0.25, and
highly significant for values > 0.25.

Structure Analysis

The genotypic data was run on STRUCTURE v2.3.4 (46) software
using these settings: 10.000 burn-in, K=2-7, and 10 iterations.
First, the most likely K value was estimated using the Delta
K method (47). The results suggested that the most likely
number of genetic groups is K=3. The similarity test (48) run by
CLUMPP software (49) revealed two probable K values (2 and
4) as the constructed graphics revealed two highest peaks for
H: Afterwards, the microsatellite data was run on STRUCTURE
software again by setting the K parameter as “2-4", and the
resulting graphics were displayed by DISTRUCT software (Figure
2). When K=2, the individuals were grouped with respect to their
origin of species: Gazella gazelle and Gazella marica. When K=3,
a genetic heterogeneity was detected between the individuals
of the Gazella marica populations. However, differentiation
between the two Gazella marica populations of Kizilkuyu and
Erikce (Figure 2) are evident with K=4.The four major components
in the three populations were depicted by blue, purple, red and
green. Blue is exclusively associated with the Hatay population
(Gazella gazella). Kizilkuyu seemed to be represented mainly by
purple whereas green is associated mainly with Erikge.

When K=4, there were a few differentiated individuals (depicted
in red) present in the Gazella marica populations, but mostly in
the Kizilkuyu population, which were indicated with numbers
(3-10, 12 and 13) (Figure 2). All these individuals (3-10, 12 and
13) have more than 30% of the genetic component displayed in
red. According to the records provided by the Ministry, most of
these numbered individuals (1 to 8 and 10 to 12) were hunted
individuals from the wild Kizilkuyu population. Therefore,
it can be anticipated that the red color may, in general, be
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Table 5. The average expected and observed heterozygosity (He, Ho) parameters estimated per locus per population and
average estimates per population as found in the study

Locus Kizilkuyu (n:48) Erikce (n:25) Hatay (n:4)

He Ho He Ho He Ho
RT1 0.516 0.5 0.581 0.64 Monomorphic
ETH10 0.846 0.813 0.825 0.88 0.857 1
OARFCB304 0.840 0.729 0.786 0.76 Monomorphic
MM12 0.379 0.375 0.444 0.32 Monomorphic
BM848 0.654 0.625 0.692 0.64 0.679 0.5
BMC1009 0.803 0.851 0.776 0.88 0.536 0.75
INRA40 0.850 0.792 0.812 0.72 Monomorphic
BM4505 0.768 0.666 0.573 0.6 Monomorphic
ETH152 Monomorphic Monomorphic 0.571 0
INRABERN172 0.719 0.813 0.816 0.96 0.429 0.5
TGLA122 0.651 0.681 0.492 0.64 Monomorphic
ILSTS005 0.522 0.458 0.605 0.64 0.571 0.5
BM757 0.551 0.583 0.510 0.44 Monomorphic
BM143 Monomorphic Monomorphic 0.571 1
CSSM39 Monomorphic 0.115 0.12 Monomorphic
CSSM43 0.844 0.792 0.802 0.76 Monomorphic
::::’;;tem" 0.69 0.6675 06304 0.6429 0.602 0.6071

9

Km\kuy population Erikge population .15y Population

Figure 2. An admixture analysis of the three populations was obtained using the software STRUCTURE v2.3.4 (45). Each individual is
represented by a bar plot in the figure above. For K=4, the genetic components within individuals are represented by 4 colors: Purple,
green, red and blue. The numbered individuals from 1 to 8 and from 10 to 12 in the Kizilkuyu population are hunted individuals from the
wild Kizilkuyu population based on the information provided by the Ministry. The individual from Kizilkuyu population indicated by a
star is heavily represented by (~75%) a green color. The numbered individuals from the Erikce population (14-16) (those exhibiting more
than 30% of their genetic component) were depicted in red.
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Table 6. Pairwise FST estimates (above the diagonal) with p
values (below the diagonal) based on 3000 permutations and
Bonferroni corrections

Kizilkuyu

Pairwise FST (n:48) Erikce (n:25) Hatay (n:4)
Kizilkuyu (n:48) ** **
Erikce (n:25) 0.0444 **
Hatay (n:4) 0.4378 0.4588

(p**<0.01)

marking the individuals from the Kizilkuyu wild population.
On the other hand, the individual indicated with a star in the
Kizilkuyu population exhibited mostly (~75%) a green color.
Thus, it seems to be more similar to members of the Erikge
population than to those of the Kizilkuyu population. Moreover,
the numbered individuals in the Erikce population (14-16) had a
genetic component (>30%) displayed in red associated with the
wild Kizilkuyu members, suggesting that these individuals had
their origins in the wild Kizilkuyu population.

Effective Population Size Estimation

The effective population sizes were estimated as 9.7 for
the Kizilkuyu population (Gazella marica, n=48), 8.9 for the
Erikce population (Gazella marica, n=25) and 6.4 for the
Hatay population (Gazella gazella, n=4). When we pooled the
Kizilkuyu and Erikce populations, the estimated N, was 24.5.
Furthermore, we re-estimated N_ for the Kizilkuyu population
after removing the individuals reported as hunted due to the
possibility that they might have originated from the Kizilkuyu
wild region rather than from the state farm, which decreased
from 9.7 to 8.9.

Sequence Variation at Partial mtDNA Cyt-b Gene

The mtDNA cyt-b partial fragments (381 bp long) of 77
individuals were successfully amplified and sequenced. No
polymorphisms were found within this 381 bp region based
on sequences either within or between the populations of the
Gazella marica samples; nor were any polymorphisms detected
within the Gazella gazella sample (n=4). However, these two
species (Gazella marica and Gazella gazella) were found to be
different at 23 sites out of the 381 bp region that was analyzed.
The sequences were employed in the construction of an NJ tree
(Figure 3), where sequences of the different gazelle species
taken from the GenBank (Table 7) were also included.

According to the phylogenetic tree, reconstructed based on the
partial mtDNA cyt-b sequences ( Figure 3):

1. Hatay samples were included in the Gazella gazella cluster
confirming the results of Kankili¢ et al. (15).

Ceylanpinar State Farm originated individuals were grouped
with those individuals once called Gazella subgutrosa
marica, but now called Gazella marica (16).
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3. Compared to the present day Arabian Peninsula (Oman
and Iraq) samples contained in this pylogenetic tree, some
genetic variation was observed among the individuals of
the Gazella marica species.

As a consequence, based on the mtDNA cyt-b sequences
analyzed in this study, the existence of two different species
(Gazella marica and Gazella gazelle) within the borders of Turkey
was confirmed.

“RFLP Analysis” as a Quick and Cheap Species Identification
Method

The restriction enzymes, Haelll and Hinfl did not exhibit
any polymorphism within or between the Gazella marica
populations nor within the Gazella gazella sample as expected
from the sequence analysis. However, both of the enzymes’
restriction profiles discriminated between the Gazella marica
and Gazella gazelle species as shown on the right margin in
Figure 4.

Gazella marica 01

Gazella marica 02
28| Gazella marica 03

Gazella marica 04

Gazella subgutturosa marica gb|HQ316160|
Gazella subgutturosa marica gbjHQ316161|

Gazella leptoceros gblJN410344|
Gazella leptoceros gblJN410345]
Gazella leptoceros gblJN410346]
Gazella bennettii gblJN410340|

Gazella bennettii gblJN410341|

Gazella bennettii gblJN410357|

Gazella subgutturosa gblAF036282|

44l Gazella subgutturosa gb|HQ316159|
Gazella dorcas gblJN410336|
Gazella dorcas gblJN410332]
Gazella dorcas gblJN410337|

Outgroup gblAF036281|

70, Gazella arabica gb|KC188740|
82 | Gazella arabica gb|KC188744|
Gazella arabica gbJKC 188741
Gazella gazella 01
Gazella gazella 02

4

Gazella gazella 03

Gazella gazella 04

Gazella gazella gb|KC188776|

Gazella gazella gb|KC188775|

Gazella gazella gb|KC188774|

Gazella gazella gb|KC188773|
Qutgroup Nanger granti gb|AF034723|

Outgroup Antilope cenvicapra gb|AF036283|

Outgroup Aep!
Outgroup Ovis aries gblKF677303

gblAF036289|

Figure 3. The phylogenetic tree constructed using an NJ
algorithm with a 1000 Bootstrap value and employing a K2
nucleotide substitution model with gamma distribution
(G=0.23). The GenBank Accession numbers for the samples
taken from the literature were given at the end of the sample
names. The highlighted samples are those analyzed in the
present study. The MEGA v6.06 software (54) was used for the
analysis.
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Table 7. The summary of information about the samples taken from the literature. Their geographic origins (if available), their
captive/wild status, accession numbers and related references are given in the table

Species Origin Captive/Wild Accession Number Reference
G. arabica Southern Arava Valley, Israel Wild KC188740 60
G. arabica Southern Arava Valley, Israel Wild KC188741 60
G. arabica Southern Arava Valley, Israel Wwild KC188744 60
G. bennettii KKWRC, Thumamah Captive JN410340 20
G. bennettii KKWRC, Thumamah Captive JN410341 20
G. bennettii KKWRC, Thumamah Captive JN410357 20
G. cuvieri EEZA, Almeria Captive JN410342 20
G. cuvieri EEZA, Almeria Captive JN410343 20
G. dorcas KKWRC, Thumamah Captive JN410332 20
G. dorcas KKWRC, Thumamah Captive JN410336 20
G. dorcas Tunisia Wild JN410337 20
G. gazella Central Israel Wild KC188773 60
G. gazella Central Israel Wild KC188774 60
G. gazella Central Israel Wild KC188775 60
G. gazella Central Israel Wild KC188776 60
G. leptoceros Tunisia Wild JN410344 20
G. leptoceros Tunisia Wild JN410345 20
G. leptoceros Western Desert, Egypt Wild JN410346 20
G. subgutturosa MNHN, Paris Unspecified AF036282 58
G. subgutturosa Aksu, Chinese Turkistan Wild HQ316159 18
G. subgutturosa Samarra, Iraq Wild AF187716 17
G. s. marica Ramlat Fasad, Oman Wild HQ316160 18
G. s. marica WA-SWC, United Arab Emirates Captive HQ316161 18
G. s. marica Wadi Abu Al Jir, Iraq Wild HQ316162 18
Outgroup

Antidorcas marsupialis MNHN, Paris Unspecified AF036281 58
Nanger granti MNHN, Paris Unspecified AF034723 58
Antilope cervicapra MNHN, Paris Unspecified AF036283 58
Aepyceros melampus MNHN, Paris Unspecified AF036289 58

Abbreviations: EEZA — Estacién Experimental de Zonas Aridas, Spain; KKWRC - King Khalid Wildlife Research Centre, Riyadh, Saudi Arabia; WA-SWC-Wadi Al-Safa

Wildlife Center, Dubai; MNHN: Muséum National d'Histoire Naturelle, Paris.

Figure 4. A sample image from the mtDNA partial cyt-b gene
RFLP analysis results of the samples from two different gazelle
species. The image is composed of views from four different gels
as indicated in the figure and the samples are labeled:‘Gm’is used
for Gazella marica from Kizilkuyu (Sanliurfa) and Erikce (Gaziantep);
‘Gq'is used for Gazella gazella (Hatay Mountain Gazelle) from Hatay.
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Y-Chromosome Analysis

Two microsatellite loci on the Y chromosome (UMN103,
INRA126) of gazelle species were amplified. UMN103 did not
produce clean sequences, but amplification and sequencing
of INRA126 locus produced clean results. Two alleles were
observed with a single nucleotide difference at the 216" base
(Figure 5), which differentiated between the males of the
two gazelle species of the present study (Gazella gazella and
Gazella marica).

Life Parameters

Captivity populations are, in general, closed populations
and have low effective population sizes. Therefore, they are
prone to suffer from inbreeding depression. We obtained the
documents kept by the Ministry on the two captive Gazella
marica populations (Kizilkuyu and Erikce). However, there
seems to be inconsistency in year-to-year census values.
Nevertheless, we used these records to estimate approximate
birth and death rates in these captive populations to project



Eur J Biol 2019; 78(2): 88-102
Saatoglu et al. Genetic Diversity of Gazelles in Turkey

F03.
DO3.
D04.
BO3.
E03.
Go4.
n03.
HO3.

AD4.
BO4.
FO4.
c03.

EO4.

v|vrrv|lll'|vvlv|rvll|lu|v|lvrr|lIll]lv!v|r1lu|lll!|Ivvv|ll||||vvl“l

170 180 190 200 210 216thbp220 230
A ARGTTTTAAAGARATGGCAAGTAAGGTCTTCTTCTACTCTTGTTCCCCAGCCACCCATCTCCCTAT

..................................

Gazella gazella

....................................................

ella marica

| G03.

Figure 5. The alignment of the Y chromosome INRA126 locus sequences obtained in the study. Male individuals of Gazella marica and
Gazella gazella showed a single base difference at the 216th bp as highlighted in yellow.

18-20, 59, 60). This enables comparative studies within and
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7 \ == Death Rates for Erikge gazella species and confirmed their taxonomic status.
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@ g M b =i~ retrieved the Gazella subgutturosa mtDNA cyt-b sequences
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- _17 / \ compared the restriction profiles of the three gazelle species
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Figure 6. Approximate birth (dashed lines) and death rates Enzyme
(solid lines) of the Kizilkuyu (red) and Erikge (blue) State Farm Gazella marica 116" bp
populations. The upward arrows indicate the reintroduction/ Haelll Gazella subgutturosa 116" and 275" bp
introduction practices where the individuals were taken from Gazella gazella 116t and 275% bp
the state farms, whereas the downward arrows indicate those ; =
R . . Gazella marica 185" bp
years when new individuals were introduced into the state .
farms. Hinfl Gazella subgutturosa 185" and 302" bp
Gazella gazella None

the present trend in these populations and this graphic is
presented in Figure 6.

Estimations of the life parameters for the Kizilkuyu and Erikce
populations revealed that, in general, there has been a decrease
in birth rates and an increase in death rates in both of these
captive populations over time. Moreover, the estimates
proposed that, the Erikce population has lower birth rates and
higher death rates than the Kizilkuyu population.

DISCUSSION

Gazelles and its close relatives are contained within the
Antilopinae subfamily. One of the most commonly used
markers for this subfamily is the mtDNA cyt-b region (2, 15,
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The Hinfl enzyme distinguished the three gazelle species
from each other, whereas Haelll could only make a distinction
between the Gazella marica and Gazella subgutturosa species.
Wacher et al. (18) employed these enzymes to discriminate
between Gazella marica and Gazella subgutturosa. Our results
have further shown that Gazella gazella can be differentiated
from the other two gazelle species based on the mtDNA cyt-b
RFLP analysis with Haelll endonuclease. 1t has been reported
that some individuals may look exactly like Gazella subgutturosa
but carry Gazella marica type of mtDNA (59). For this reason,
we propose employing L14724 and H15149 primers for the
amplification of mtDNA cyt-b region and then analyzing the
RFLP profile of this region (using Haelll and Hinfl restriction
endonucleases) as a quick and cheap method. This can solve
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the conflict differentiating between Gazella marica and
Gazella subgutturosa. Furthermore, an unknown tissue sample
can be analyzed using these two endonucleases for species
identification if it belongs to one of these three species.

To reveal sex-linked introgression in populations, mtDNA
and Y-chromosome markers should be analyzed as well as
autosomal markers. The Y chromosome locus, INRA126 (33),
was sequenced from both Gazella gazella and Gazella marica
species for the first time in literature by this study. The INRA 126
locus was chosen as it showed high polymorphism in different
bovid species (61, 62). The results suggested that this locus can
differentiate the males of these two gazelle species. However,
the high number of wild samples from both of the species must
be tested to confirm the discriminatory power of this sequence.

Populations with low Ne may show wild fluctuations in their
allele frequencies and are expected to lose variability due
to genetic drift; especially in mtDNA and Y chromosome on
the account of their haploid nature. We have observed one Y
chromosome haplotype (INRA126) and one mtDNA haplotype
in the Ceylanpinar State Farm population. Since this farm
started with one male, a single Y choromosome haplotype
was expected. However, there were more than one female in
the starting population, and may be more than one mtDNA
haplotype. Yet, as the founding population size was very small,
with a low Ne under random drift, it might have resulted in a
single haplotype for mtDNA. Twenty years after the foundation
of the Ceylanpinar State Farm, individuals transferred to the
Kizilkuyu and the Erikce State Farms as founders most probably
had little or no genetic variation. Therefore, it can be presumed
that these two farms must have started with a very low Ne.
Moreover, they probably had the same single haplotypes
for both Y chromosome and mtDNA present in Ceylanpinar.
Therefore, its is not surprising that no variation was observed
either in the mtDNA or in the Y chromosome sequences in
these captive populations.

During the preparation stage of our study, we could not find
in the literature any genetic diversity study on gazelle species
based on microsatellite loci analyses. Therefore, we have
analyzed 17 polymorphic loci randomly chosen among the
previously studied loci of different species (bovine, ovine, goat
and caribou), which were available in the literature (Table 2).
Since then, six studies have been published concerning the
captive and wild populations of different gazelle species, and
they all utilized bovine, ovine and goat originated microsatellite
loci. Among these studies, we have one common locus
(OarFCB304) out of seven with Zachos et al. (63); eight common
loci (BMC1009, CSSM43, BM4505, OARFCB304, BM848, INRA040,
IDVGA29, CSSM39) out of twenty with Ruiz-Lopez et al. (64);
four common loci (BM4505, CSSM043, INRA40, OarFCB304) out
of eleven with Lerp et al. (65); four common loci (ETH10, INRA40Q,
BM4505, TGLA122) out of nine with Hadas et al. (66); one
common locus (OarFCB304) out of twelve with Duo et al. (67);
two common loci (OarFCB304, CSSM043) out of ten with Okada
et al. (68). We have compared our results with this recently
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published data. The population sample sizes varied from 11
(Acacia gazelle, 66) to 138 (Mongolian gazelle, 68) in these
studies and the average number of observed alleles across the
analyzed microsatellite loci changed between 3.3 (Gazella dama
captive population, n=112, 64) and 15 (Mongolian gazelle wild
population, n=138, 68). Our sample sizes were n=4 (Gazella
gazella, Hatay wild population), n=48 (Gazella marica, Kizilkuyu
captive and wild samples), n=25 (Gazella marica, Erikce captive
population) and the average number of observed alleles were
3.4, 5.6 and 4.1, respectively. Moreover, the average observed
heterozygosity in the above-mentioned literature ranged
between 0.335 (Gazella arabica Farasan Islands wild population,
65) and 0.91 (Przewalskii's gazelle Sand Island wild population,
67), whereas the average expected heterozygosity ranged
between 0.353 (Acacia gazelle, 66) and 0.854 (Mongolian
gazelle, 68). In our study, the average observed heterozygosity
values were 0.67, 0.64 and 0.61; and the average expected
heterozygosities were 0.69, 0.63 and 0.60 for the Kizilkuyu and
Erikce Gazella marica samples and Hatay Gazella gazella sample,
respectively. Comparatively, Hadas et al. (66) reported the
average He within a wild Gazella gazella population in Southern
Levant as 0.616 and the average He for a wild Acacia gazelle
population suffering from inbreeding depression in the same
region as 0.35 based on nine microsatellite loci. Furthermore,
the average He estimate based on seven microsatellite loci
for a captive population of Arabian oryx was reported as 0.57
(69). Consequently, it can be said that the gene diversity (He)
observed within the populations of the present study is as high
as that of the wild gazelle populations found in the literature.

Allelic richness takes variations in the sample sizes into account,
measures the genetic diversity (in terms of allele numbers at a
locus) and provides information on the population’s long-term
potential for adaptability and persistence. The Polymorphic
Information Content (PIC) parameter is estimated based on the
number of alleles and their relative frequencies at a locus, which
predicts the informativeness of that locus. PIC values between
0.4 and 0.7 are interpreted as being moderately informative;
whereas, PIC values higher than 0.7 can be interpreted as highly
informative (70). According to this information, we can state that
the most informative locus was ETH10 (0.801), 6 out of 16 loci
were highly informative, and 6 out of 16 loci were moderately
informative. In total, twelve loci (RT1, ETH10, OARFCB304,
BM848, BMC1009, INRA40, BM4505, INRABERN172, TGLA122,
ILSTS005, BM757 and CSSM43) were found to be informative.
Therefore, one can select from these twelve lociin future studies
on gazelles to assess their genetic diversity of populations or
perform pedigree analysis.

Observing a low genetic variability is not surprising in small
and/or captive populations. We assessed the genetic diversity
based on expected heterozygosity (H) and allelic richness
parameters, which are not affected significantly by low
sample sizes. For both of the parameters the Erikce population
exhibited slightly lower estimates (average H_: 0.63 and allelic
richness: 4.31) than the Kizilkuyu captive population (average
H,: 0.69, allelic richness: 5.05). The Wilcoxon-Signed rank test
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(43) based on the allelic richness estimates found a statistically
significant (p<0.05) difference between the Kizilkuyu and Erikce
populations. For the Hatay population, allelic richness was not
considered due to its low sample size and the heterozygosity
was estimated as 0.6. Subsequently, a random subpopulation
of size n=4 (the same size as the Hatay population) was drawn
from Kizilkuyu. For this subpopulation; the estimated He (0.68)
was found to be higher than the He (0.6) estimate of the Hatay
population. This results should be interpreted with care. It
might be indicative of a lower genetic diversity in the Hatay
population (Gazella gazella) than either of the two captive
Gazella marica populations.

Gene pools of small and isolated populations can easily diverge
from their source populations. The genetic drift occurring in
small populations can quickly result in big changes. Kizilkuyu
and Erikce captive populations were sourced by the same
population and established about 20 years ago. They may not
be strictly isolated, but they must have diverged due to random
drift, for about 10-12 generations (generation time of gazelle
was assumed as 1 or 2 years). That is why, we have observed
a significant (p<0.01) pairwise F; value (0.044) between them.

Testing the three different K values, suggested by the two
methods (47, 48), revealed that the gazelle population (Gazella
gazella) from Hatay had a completely different gene pool than
those of Erikce and Kizilkuyu. This result was expected, as the
two captive populations belonged to a different gazelle species
than the Hatay population. Before carrying out the analyses,
the Kizilkuyu samples were considered as one group of captive
population. After the structure analysis, the Ministry was asked
about the origins of the distinct individuals (represented by red
in the structure plot), and it was understood that some of the
samples were obtained from licensed hunters and they were
from the wild population of Kizilkuyu (the samples numbered
from 1 to 8 and from 10 to 12 in Figure 2). Thus, the power of the
admixture analysis is attested by unraveling the fact that some
individuals in the population had different source populations.
However, a few hunted (wild) individuals, such as the two
samples labeled 2 and 11 in Figure 2, seemed to originate from
the captive Kizilkuyu population’s gene pool (largely purple). It
can be speculated that these two individuals might have been
released from the Kizilkuyu farm into the wild, before they were
hunted. We know that the Ministry had periodically released
some individuals from this farm before the hunting seasons. In
addition, two individuals (numbered 9 and 13 in Figure 2) of the
Kizilkuyu state farm exhibited a different genetic structure than
the rest of the Kizilkuyu samples. Presumably, we might label
them as the Kizilkuyu wild type. It is possible that, they might
have originated from those wild individuals introduced to the
Kizilkuyu captive population. As explained in Figure 1, there are
individuals taken from the Kizilkuyu wild site and introduced
into the Erikge State Farm, too. The genetically differentiated
individuals found in the Erikce State Farm (labeled 14-16 in
Figure 2) could have originated from these introduced wild
individuals.
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Microsatellite-based N_ estimations for both the Kizilkuyu and
Erikce populations revealed low numbers (9.7 for Kizilkuyu and
8.9 for Erikge). These low numbers are observed despite the fact
that they are not completely closed populations. Firstly, the
state farms are open for individuals found wounded or illegally
captured. This results in gene flow into the captive populations
from other sources, most probably from the wild populations.
Secondly, it is known that three individuals were transported
from the Kizilkuyu wild population to the Erik¢ce farm and six
individuals from Ceylanpinar were transported to the Kizilkuyu
farm. This also supports the view that they are not totally closed
populations. If these estimations are approximately correct, the
estimated N_ (which is 24.5 when we pool the populations) is still
much lower than 50, which is an indicator of a small population
size according to the 50/500 rule by Franklin (71) and Soulé (72).
This rule claims that a minimum N_of 50 is necessary to avoid
inbreeding and a minimum N_ of 500 is necessary to reduce
genetic drift. Finally, for the Hatay population, N_ was estimated
as 6.4, which is very low. This might be due to the low number
of individuals (n=4) sampled in this study, or alternatively,
this population might indeed have a small N_. In order to
understand the underlying reason, more samples should be
analyzed and this estimation should be repeated. The Gazella
gazella population in Hatay is the only one existing in Turkey.
Therefore, the present diversity must be analyzed before taking
conservation actions.

The decreasing birth rates and increasing death rates, observed
in the Kizilkuyu and Erik¢e populations from the estimated life
parameters, probably resulted from inbreeding depression,
which is expected when Ne values are very low. Furthermore, in
the Erikce population, lower birth rates and higher death rates
than those of the Kizilkuyu population are a good natch for the
lower genetic diversity (allelic richness and heterozygosity)
observed in the Erikge population. As can be seen from the
graph (Figure 6) for Kizilkuyu, birth and death rates had peaks
at the same time after reintroduction/introduction practices
(indicated by upward arrows) were carried out. Possibly, after
transporting individuals from the state farms, intraspecific
competition decreased and therefore the birth rate increased
and the death rate decreased. Intraspecific competition might
be due to the available space in the state farms rather than the
food supply as limited physical space (or crowding) may also
cause decreased fecundity, increased mortality in juveniles and
post-reproductives due to upsets induced in the endocrine
system (73). Furthermore, the introduction of wild Kizilkuyu
individuals into the Erikge State Farm in 2010 and 2011 may
have delayed the population collapse until 2014.

The results that should be considered for the conservation
studies of Anatolian Gazella marica populations can be
summarized as follows: (i) Both of the captive populations
have low effective population sizes, and (ii) there is significant
divergence between them. (iii) whether the two captive
populations’ gene pool diverged from the Kizilkuyu wild
population must be checked in future studies, urgently), (iii)
Both of the captive populations presented signals of inbreeding
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depression, and iv) possibly, they might both be suffering from
intraspecific competition. If a corridor is established between
the populations (both wild and state farm) of Gazella marica
species, it may slow down the diversity loss and genetic drift
and thus decrease differentiation from each other. Furthermore,
the reason for the possible intraspecific competition can
be analyzed and intraspecific competition can be reduced.
However, even then, chances are slim that the populations of
the present study can ever be used to establish sustainable
populations in the wild. Perhaps a better strategy would be to
consider exchanges of individuals between the populations of
different countries.

CONCLUSION

The markers employed in this study provides a good means
of assessing populations of gazelle species for their species
identity, degree of divergences, effective population sizes and
for the presence of admixture within the populations. This
data would certainly contribute to he development of better
strategies in future studies for the conservation of the species.
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ABSTRACT

Objective: Elodea canadensis Michx. is a common invasive aquatic macrophyte that has successfully spread along European,
Asian and Australian inland waters. The aim of this study is to evaluate the presence and distribution of an alien and invasive
species, E. canadensis, in Sapanca Lake (Turkey) for the first time.

Materials and Methods: Sampling for macrophytes and main environmental parameters was carried out seasonally
between the years 2016 and 2017 along the coasts of Sapanca Lake. Macrophytes samples were taken from bounded areas.
Morphological observations were made on both unfixed-living and dried materials, and morphological details were observed
under a light microscope.

Results: Elodea canadensis Michx. was reported for the first time in Sapanca Lake during the spring period of 2016 with water
temperatures of 20.9 £0.9°C. A total of six submerged macrophytes species were recorded together with E. canadensis.

Conclusion: The first record of this species in Sapanca Lake is important for contributing to the changing biodiversity
dynamics of the lake and also contributes to the assessment of the possible ecological and economic risks of the region in

terms of lake management.

Keywords: Invasive macrophytes, Elodea canadensis, Sapanca Lake

INTRODUCTION

Aquatic macrophytes play an important role in both
structuring and functioning communities in aquatic
environments (1). They contribute significantly to the
productivity and biodiversity in the littoral region by
representing a suitable habitat for micro and macro
flora and fauna as well as a significant number of
ecological and economical species. Moreover, they
have an important role in ensuring nutrient dynamics,
protecting against coastal erosion and in stabilising the
sediments by reducing the negative effect of the wave
(2). Moreover, recent studies have indicated that the
invasion of alien aquatic macrophytes introduced by
natural or anthropogenic means has been a highlighted
issue. Hussner (3) reported findings of 96 alien aquatic
plant species from European inland waters, and Elodea

canadensis Michx. was reported to be the most widely
distributed alien aquatic plant in Europe.

E. candensisis is a submerged aquatic plant belonging
to Hydrocharitales (Magnoliophyta) (4). The native
distribution of this species is reported to be from North
American and Canadian Inland waters (4-6) but it is a
common invasive species in Europe, Asia and Australia
(4, 6). The first record of the plant in European waters
came from Ireland in 1836 (6) and later studies indicated
that it successfully spread and rapidly colonised in
north and central European shallow lakes and streams
(3, 7-12) and then extended to Asian fresh waters
(13). E. canadensis has been defined as a “catastrophic
phenomenon” in Baikal Lake (14) due to forming fast
and uncontrolled thriving populations in a very short
space of time. The species has been categorized as
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a least concern (LC) species by the International Union for
Conservation of Nature (IUCN) (15). Recent studies indicate that
E. canadensis is now widespread globally with the exception of
Iceland, Greenland, the Faroe Islands and the Norwegian islands
(16) and is reported to be a noxious weed in freshwaters (4).

In Turkey, E. canadensis was first reported in the Thrace Region
(North-western part of Turkey) by Davis (17). Later, the presence
of the species was noted in Gala Lake (18) and also in some
drainage channels in the surrounding areas (19). In 2005, the
first record of the species was given from western Anatolia
(Egirdir Lake, South-western part of Turkey) and in the following
years its spreading to the entire lake area was reported (20).
The presence of this invasive species poses an ecological,
sociological and economic threat in freshwater ecosystems (21,
22).Elodeahas high invasion success, considering the advantage
such as the high tolerance to changing environmental factors,
fast vegetative reproduction ability by fragments and easy
dispersion vectors (irrigation canal, animals, fishing activities
and recreational use of waters). Increasing nutrient input and
eutrophication process also promote its mass development
and spread. Considering its widespread appearance and rapid
colonization success in European waters, research scientists
need to know its spreading areas and to make an evaluation of
its effects on the biodiversity of the lake ecological status. This
study reports the presence of an alien and invasive species, E.
canadensis, in Sapanca Lake for the first time.

Sapanca Lake, located in the north-western part of Turkey
(40°43'N and 30°15E) is a tectonic lake, with a surface area of
47 km? and maximum depth of 55 m. At a local level, the lake
is an important freshwater source of drinking water and is used
for domestic water and industrial needs, besides commercial
and sport fisheries. The catchment area consists of small towns,
villages and forests and the lake is used for tourism and various
recreational activities. This lake is fed by several creeks and
partly by groundwater. The shallow shores are covered by a
wide vegetation belt. Sapanca Lake with its winter overturn
is a typical warm-monomictic lake. The lake water is mixed
thoroughly from top to bottom in February-March, providing
enrichment of the surface layer with nutrients from deep waters
as well as ventilation of bottom waters (23). Though there is no
direct discharge of waste into the lake, chemical pollutants of
both domestic and agricultural origin find their way into the
lake through surface-runoff (24). Before 1980, a few studies of
its principal limnological properties showed the lake to contain
low concentrations of dissolved inorganic ions and the water
to be adequate for drinking, industrial usage and irrigation.
Recently there has been some impact of pollutants, particularly
sewage effluent. Towards the end of the 1990s some colour
changes indicating water-blooms were occasionally observed
and routine studies revealed that a cyanobacterium, Planktotrix
rubescens (De Candolle ex Gomont) Anagnostidis&Komarek
was responsible (23, 25). In recent years, cyanobacterial blooms
frequently occur as a result of degradation of water quality and
the eutrophication in the lake.

MATERIALS AND METHODS

Field observation and sampling for macrophytes and main
environmental parameters was carried out seasonally between
the years 2016 and 2017 along the coasts of Sapanca Lake
(Figure 1). Moreover, short time-scale samplings (weekly)
along the coast of the Lake were conducted from July to
August in summer periods. Aquatic plants were observed
along the coast by means of a viewing tube and collected
using a rake. Macrophytes samples were taken from bounded
areas with three replicates and their relative abundance was
estimated based on their dry-wet weight in each sampling area.
Morphological observations were made on both unfixed-living
and dried materials and morphological details were observed
under a light microscope in the laboratory.

A

40°44'N

Seka

e i
Kurtkdy . = Golpark
20°42'N

Figure 1. Map of Sapanca Lake showing sites where Elodea
canadensis Michx. was found

The identification of Elodea was made according to Casper
and Krausch (5), Bowmer et al. (4) and Simpson (26). Moreover,
main environmental parameters influencing the presence/
absence of the species were recorded. Water temperature,
dissolved oxygen, conductivity and pH were measured in situ
with a multiparameter prob and transparency with a Secchi
disc. Water samples for nutrients and chlorophyll a were taken
from surface. For chlorophyll a analysis, water was filtered
through a glass fiber filter (Whatman GF/C) and Chlorophyll a
concentration was determined spectrophotometrically (27).
Nutrients (reactive phosphorus, nitrate and nitrite nitrogen,
and silicate) were analysed in the laboratory according to
standard analytical techniques (28). Measured environmental
parameters and chlorophyll a results of Lake Sapanca surface
water were given by the mean with standard deviations.

RESULTS

The first observation of E. canadensis Michx. was recorded in
the spring of 2016 at water temperatures of 20.9+0.9°C during
the preliminary study for a project on aquatic macrophytes of
Sapanca Lake. In the routine sampling which was on-going
during 2017, the species was observed again from a depth of
1-3 meters at the Seka and Kurtkdy regions of the Lake during
the summer. When the presence of the species was monitored
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Table1: Measured environmental parameters and chlorophyll a means with standard deviations (SD) of Lake Sapanca surface

water

Parameters Range Mean£SD
Water temperature (°C) 5.8-28.0 17.6+0.4
pH 6.9-8.2 7.5£0.1
Dissolved oxygen (mg I") 6.6-10.4 8.6+0.4
Conductivity ps cm 248-286 265+5
Water transparency (m) max max
(NO2+NO,)-N (mg I) 2.16-12.10 4.54+0.17
PO,-P (mg ") 2.25-3.35 2.34+0.10
Chlorophyll a (mg I") 1.62-22.73 8.9+34

seasonally, it was observed that its spreading area extended to
the inner western shore of the lake during the summer period
(from June to August) at temperatures of 27.4+0.5°C. Measured
environmental parameters and chlorophyll a means with
standard deviations of Lake Sapanca surface water are given
in Table 1. The species had the highest biomass during the
autumn period (209 g/m? in dry weight) with temperatures of
15.8+0.3°C, and in addition to these areas it was also recorded

at Golpark region along the eastern shore of the lake. During
the study period, a total of six submerged macrophytes species
(Myriophyllum spicatum L., Ceratophyllum demersum L., Najas
minorAll., Charasp., Potamogeton perfoliatus L.and Potamogeton
lucens L.) were reported together with E. canadensis.

Elodea is a perennial aquatic submerged plant measuring 20-
30 cm in length. The identification of E. canadensis is based

Figure 2. Elodea canadensis Michx., (a) morphological illustration of leaves, from Bowner et al (4) (lllustration by Christine Payne,
from Sainty and Jacobs, 1988), (b-c) during the sampling from Sapanca Lake by rake, and (d-e) detailed photos of leaves.
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on leaf characteristics. Towards the stem apex leaves usually
overlap in regular rows and lie along the stem (4). In collected
samples from Sapanca Lake, E. canadentsis is identified with its
three oblong linear leaves in whorls, the size of leaves being
8.96+1.89 mm in length and 1.86 £0.38 mm in width at the mid-
point (Figure 2).

DISCUSSION

Macrophytes are key elements of the lake ecosystem,
contributing significantly to the productivity of littoral areas.
However, during the last decades, the degradation of natural
balance as a result of increased human activities has led
to the destruction of habitats, loss of biodiversity and/or
excessive increase in some species with a decrease in water
quality. Several studies have focussed on alien species and the
impact of invasive macrophytes on aquatic systems, and these
studies have revealed that this problem is one of the major
environmental problems in inland water (3, 29, 30).

In this study, Elodea canadensis Michx., is recorded for the
first time in Sapanca Lake. Elodea is a flowering plant but
vegetative reproduction by fragments is also very common
(9). Earlier studies showed that the species has high ecological
tolerance with temperatures of 10-25°C and pH 6.5-10, and
it can be rapidly dominant in waters with average nutrient
content, especially ranging from mesotrophic to eutrophic
waters (8, 31). These ecological and biological characteristics
of Elodea contribute to its success at being invasive. In the
present study, the total biomass of Elodea recorded during the
summer and autumn periods ranged between 95 and 209 g/
m? in dry weight. Its distribution was limited to the southern
part of the lake, and its relative abundance did not exceed 3%
in the total macrophytes biomass. However, considering its
widespread appearance in European waters (3, 12) as a result
of global change caused by humans (29), and considering
the colonization success of this species, the importance of
monitoring studies on alien species is clear.

Alien species may have been introduced by natural or
anthropogenic means. The origin of the population on
the lake remains uncertain. The number of alien aquatic
macrophytes in inland waters is much lower compared to the
marine and terrestrial ecosystems due to geographical and
climatic limitation and less introduction vector. More than 400
aquarium plants are used commercially and they considered
as potential invaders to European inland waters (3). The
commercial use of these species has also played an important
role in the introduction of E. canadensis (3, 32). The presence
and uncontrolled spread of these plants could cause important
ecological and socio-economic losses in the future. Intervention
against alien and invasive species is considerably difficult and
costly. In addition, these interventions, which are mechanical,
chemical and biological, have many disadvantages. The latest
studies show that aquatic biosecurity is an important issue
(30, 32-34). Biosecurity management in environmental and
fishery policies, and raising awareness of the local people who

use the lake for fishing, tourism and sporting activities play an
important role in preventing the entrance and spread of alien
species.

CONCLUSION

This study presents the appearance of Elodea canadensis Michx.,
an alien and invasive species, in Lake Sapanca and contributes
to a new data on its distribution in inland water of Turkey. The
first record of this species in Sapanca Lake is important as a
contribution to the changing biodiversity dynamics of the lake
and also contributes to assessing the possible ecological and
economic risks of the region in terms of lake management.
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ABSTRACT

Objective: The species Hottentotta saulcyi is widely distributed from Mardin to Hakkari while the distribution of Buthacus
macrocentrus is limited to the south-east of Turkey (only Sanlurfa). The aim of this study is to analyze the cytogenetic structure
of Hottentotta saulcyi and Buthacus macrocentrus.

Materials and Methods: The specimens were collected during the night from Sirnak and Sanliurfa using a UV lamp. The male
Hottentotta saulcyi were collected from Sirnak and male and female Buthacus macrocentrus from Sanlurfa. Chromosome
preparations were made using cells from the male testes and the female ovariuteri of the species studied. Chromosome
preparations were made using the classical spreading method.

Results: The diploid chromosome number for Hottentotta saulcyi was 2n=14, and 2n=28 for Buthacus macrocentrus.

Conclusion: The karyotypes of Hottentotta saulcyi and Buthacus macrocentrus have been presented for the first time. Both
analyzed species have holocentric chromosomes that gradually decrease in size. Quadrivalent and hexavalent were observed

during the first meiotic division in males of Buthacus macrocentrus.

Keywords: Karyotype, Hottentotta saulcyi, Buthacus macrocentrus

INTRODUCTION

Currently, 213 genera and 2433 scorpion species are
classified under 17 families (1). Although scorpions are
widely distributed in the tropics and subtropics and all
types of terrestrial habitats all over the continents (except
Antarctica) (2), our present knowledge of their karyotypes
is still scarce. Chromosome data on 155 scorpions
belonging to 11 families have thus far been determined.
Among them, 91 species of Buthidae have been studied,
limited to some geographic regions-especially Brazil and
Africa (3). Karyotypes of these scorpions are composed
of holocentric chromosomes without a localized
centromere region (4).

Cytogenetic studies have been carried out on Leiurus
abdullahbayrami Yagmur, Ko¢&Kunt, 2009 and
Compsobuthus matthiesseni (Birula, 1905) present a
karyotype with 2n=22 (5), Androctonus crassicauda
(Olivier, 1807) has a karyotype of 2n=24 (6), Aegaeobuthus
gibbosus (Brullé, 1832) shows 2n=28, Mesobuthus eupeus
(C.L. Koch, 1839) has 2n=20 (Buthidae) and Euscorpius
aladaglarensis Tropea&Yagmur, 2016 (7) shows 2n=88
(Euscorpiidae), which are distributed in Turkey.

The present knowledge of the cytogenetics of Turkish
scorpions is scarce and fragmented. The aim of this paper
is to report the first chromosomal data of two species
(Hottentotta saulcyi and Buthacus macrocentrus) from
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Turkey. The genus Hottentotta Birula, 1908 is widespread
throughout Africa, the Middle East and Asia (8, 9). This genus
comprises almost 51 species (10). H. judaicus (Simon, 1872) (11),
H. tamulus (Fabricius, 1798) (12-14) and H. trilineatus (Peters, 1861)
(15) have been analyzed in cytogenetic studies up to present
day. Hottentotta saulcyi (Simon, 1880) was firstly recorded in
Mardin (10) and then reported in Batman, Sirnak, and Hakkari in
Turkey (9). Meanwhile, the genus Buthacus Birula, 1908 is
distributed across northern and western Africa, Israel, Palestine,
Jordan, Syria, Turkey, the Arabian Peninsula, Iraq, Iran, Afghanistan,
and Pakistan. 23 species belonging to Buthacus have thus far
been described (1, 10, 16-19). In Turkey, Buthacus macrocentrus
(Ehrenberg, 1828) is known only from Sanliurfa (10, 18, 20).
Cytogenetic analyses have been performed for only one species
namely Buthacus stockmanni Kovraik, Lowe&Stahlavsky, 2016
having 2n=20(21).

MATERIALS AND METHODS

The scorpions were collected using a UV lamp during the night
from Sirnak and Sanliurfa respectively (Figure 1). The collected
specimens were transferred to the laboratory in individual plastic
containers. In total, six specimens of Hottentotta saulcyi and seven
of Buthacus macrocentrus were analyzed (for detailed information,
see “Material examined” below).

The gonads were used from both males and females. The
specimens were killed by ventral puncture to the prosomal
area. Under a stereomicroscope, the gonads were removed by
dissection in the presence of physiological salt solution for
invertebrates. The gonads were then kept in a hypotonic
solution (0.075 M KCI) for 20 min. The gonads were fixed in a
freshly prepared fixative (3: 1, methanol: acetic acid) for 20 min.
A few drops of 60% acetic acid were then dropped on a slide
and then shredded with a tungsten needle. The drop on the
slide was placed on the heating plate and spread with tungsten
needles (22). The prepared slides were stained with 5% Giemsa
in Sorensen’s phosphate buffer. The chromosome preparations
were analyzed under a Leica DM 500 microscope with a 100x
objective. Images were taken with a Leica camera using Leica
Application LAZ software. The measurements were analyzed
using software ImageJ 1.47 (23) with the plugin Levan (24).The
relative length of the chromosomes was calculated as a
percentage of the diploid set and it based on seven mitotic
metaphases in Hottentotta saulcyi and on seven postpachytene
in Buthacus macrocentrus. The preparations were kept in a slide
box and the remains of the specimens were fixed in a solution
of 96% alcohol and stored in a refrigerator at 4 °C at the
Zoological Museum of Sinop University, Turkey (ZMSU).
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Figure 1. Distribution of Hottentotta saulcyi (red circle) and Buthacus macrocentrus (black circle) in south-eastern Turkey. Arrows

show the localities of examined materials.
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RESULTS

Family : Buthidae C.L. Koch, 1837
Genus-1 : Hottentotta Birula, 1908

Species-1 : Hottentotta saulcyi (Simon, 1828) (Figures 2 and 3)

Material examined: 23 39 and 1J subadult, Sirnak, 2.5 km SW
of Sirnak, 37°29'57.3"N; 42°26'32.7"E, 1024 m, 17.07.2014, leg. E.
A.Yagmur (Figure 1).

Figure 2. Male Hottentotta saulcyi, dorsal and ventral views.
Scale=1cm.

Figure 3. Female Hottentotta saulcyi, dorsal and ventral views.
Scale=1cm.

Karyotype Investigation

The chromosome complement of Hottentotta saulcyi consisted
of 14 chromosomes (Figure 4). We observed only the mitotic
phases for this species. The relative chromosome length
gradually decreased from 11.65 to 4.39% of the diploid set
(Figure 4a).

Genus-2 : Buthacus Birula, 1908

Species-2 : Buthacus macrocentrus (Ehrenberg, 1828) (Figures 5
and 6)

Material examined: 43, Sanliurfa, Birecik District, 2 km S of Mezra
Village, 36°56'50.1"N; 38°01'20.3"E, 375 m, 08.07.2013, leg. E. A.
Yagmur. 39, Sanhurfa, Birecik District, 2 km S of Mezra Village,
36°57'35"N; 38°00'43"E, 387 m, 27.07.2014, leg. E. A. Yagmur
(Figure 1).

Figure 5. Male Buthacus macrocentrus, dorsal and ventral
views. Scale=1cm.

Karyotype Investigation

The number of diploid chromosomes in all male and female
Buthacus macrocentrus specimens examined was 28 (Figure 7a).
The relative chromosome length of the first chromosome (6.31%)
was slightly larger than the remaining chromosomes which

41234567891011121314
a chromosome No. b

et A

w
Lol

At

|—=) c

Figure 4. Ideogram and chromosomes of male Hottentotta saulcyi, 2n=14. a.ideogram based on mitotic metaphases (y axis - % of
the diploid chromosome length, lines indicate min.-max. values); b. mitotic metaphase; c. early mitotic anaphase. Scale=10 pm.
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Figure 6. Female Buthacus macrocentrus, dorsal and ventral
views. Scale=Tcm.

gradually decreased from 5.14 to 1.95% of the diploid set (Figure
7a). Achiasmatic bivalents were detected in males during the
first meiotic division. In the female, mitotic metaphases were
obtained (Figure 7b). A distinct quadrivalent or hexavalent
association of chromosomes were found in all individuals and
observed in four males during meiosis (Figures 7c and d). The
size of the detected multivalent chromosomes gradually

reduced. The chromosomes forming quadrivalent or hexavalent
were different in size (Figure 7a). During the first meiosis division
phase (anaphase, pachytene, postpachytene, metaphase-I), no
indication of crossing-over was observed. In the polar view of
metaphase | (Figures 7b and c), the majority of these bivalents
presented parallel-arranged homologous chromosomes. In
pachytene (Figure 7e), bivalents were all strip-shaped.

DISCUSSION

The present study provides the first cytogenetic analysis of the
Hottentotta saulcyi and Buthacus macrocentrus, species of the
Buthidae family. The karyotypes of these species consist of 14
and 28 chromosomes (Table 1). 91 species of Buthidae have been
cytogenetically studied thus far, and which show the lowest
chromosome numbers within scorpions. This family has a diploid
chromosome number varying from 2n=>5 [Tityus bahiensis (Perty,
1833)] to 2n=36 [Barbaracurus somalicus (Hirst, 1907) and
Parabuthus mossambicensis (Peters, 1861)], excluding dubious
information (see 3). Buthidae family, as well as the entire order
Scorpiones, is characterized by achiasmatic meiosis in males (25).
In contrast to other scorpions, the examined species of buthids
usually possess a relatively low chromosome number and all of
them have holocentric organization (4).

Although there are several faunistic and taxonomic studies on
the genus Hottentotta, there is a paucity of cytogenetic studies.
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Figure 7. ldeogram (a) and chromosomes of female (b) and male (c-e) Buthacus macrocentrus, 2n=28. a. ideogram based on
postpachytene with quadrivalent (dark grey) (y axis - % of the diploid chromosome length, lines indicate min.-max. values); b.
mitotic metaphase of female; c. metaphase | of male, arrow shows quadrivalent; d. metaphase | of male, arrow shows hexavalent;
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Table 1: Number of diploid chromosomes in eight species of scorpions from Turkey.

Taxon 2n Sampling locality Reference
Buthidae

Androctonus crassicauda (Olivier, 1807) 24 Turkey: Sanliurfa Province (6)
Buthacus macrocentrus (Ehrenberg, 1828) 28 Turkey: Sanliurfa Province the present study
Compsobuthus matthiesseni (Birula, 1905) 22 Turkey: Gaziantep Province (5)
Hottentotta saulcyi (Simon, 1880) 14 Turkey: Sirnak Province the present study
Leiurus abdullahbayrami Yagmur, Kog¢ & Kunt, 2009 22 Turkey: Gaziantep Province (5)
Mesobuthus eupeus (C. L. Koch, 1839) 20 Turkey: Nigde Province (7)
Aegaeobuthus gibbosus (Schenkel, 1947) 28 Turkey: Nigde Province (7)
Euscorpiidae

Euscorpius aladaglarensis Tropea & Yagmur, 2016 88 Turkey: Nigde Province (7)

Chromosomal data are known for only three of the total of 51
currently recognized species of the genus Hottentotta species
(10), were included in cytogenetic studies (11-15). Hottentotta
tamulus species possesses 2n=22, 24 or 20-28 chromosomes
forming a continuous series (12-14). But, Venkatanarasimhiah
and Rajasekarasetty (13) stated that the chromosome number
of same species have 2n=23 stable chromosome number in
India. Sharma et al. (12) observed the tetravalent formation
which is very common in H. tamulus. The diploid number was
given as 2n=24 for Hottentotta trilineatus by Newlands and
Martindale (15). Qumsiyeh et al. (11) reported diploid
chromosomes as 2n=16 for Hottentotta judaicus specimens
from the Palestinian Territories. We obtained diploid
chromosomes as 2n=14 for Hottentotta saulcyi. Our results
supported that genus Hottentotta displays interspecific
karyotype differences with 2n ranging from 14 (this study) to
24. However, we could not observe multivalent in H. saulcyi as
previously documented in H. tamulus.

The genus Buthacus was studied cytogenetically for the first
time by Kovafrik et al. (21). The karyotype of B. stockmanni has
2n=20 chromosomes with holocentric and achiasmatic meiotic
complement (21). According to cytological observation of B.
stockmanni, the first pair of chromosomes are distinctively
larger (13.41% of the diploid set) than the other chromosomes
that gradually decrease from 5.84 % to 2.69 % of the diploid
set. The cytogenetic analyses revealed that Buthacus
macrocentrus consisted of 2n=28. The chromosomes are
holocentric and achiasmatic meiotic complement as Kovarik
etal. (21).The ideogram show that chromosomes of 1,4, 9 and
22 are involving the arrangement of quadrivalent chromosome.
These findings confirm the results of Shanahan and Hayman
(26) who stated that multivalent formations involve during the
achiasmate meiosis of buthid. The first chromosome is
significantly longer (6.31%) than the remaining chromosomes
that gradually decrease from 5.14% to 1.95% of the diploid set.

In our present study, it is interesting to note that the presence
of quadrivalents and hexavalents seems to be frequent in B.
macrocentrus species.

CONCLUSION

Our analysis of karyotype data provides a first step towards
understanding the chromosome numbers and the structure of
chromosomes in one of the most important and dangerously
venomous members of the family Buthidae. In general, our
findings support that buthids have a low chromosome number
with holocentric chromosomes. In the present study, the
karyotype of two buthids, Hottentotta saulcyi and Buthacus
macrocentrus, was identified for the first time as 2n=14 and
2n=28 respectively. The genus Hottentotta possess interspecific
karyotype differences in a continuous series of the chromosomal
number with 2n ranging from 14 to 24. As far as we know, this
is the second karyological analysis of the genus Buthacus, thus
our study is a significant contribution to the description of the
chromosomal features of Buthacus macrocentrus. Our data
highlights that the frequency of the multivalent is very high in
this species. The chromosomes were arranged and numbered
according to their total length in a gradually decreasing size
order and their ideogram was developed (see Fig. 4a and Fig.
7a). Nevertheless, the results show that chromosome numbers
are not a useful character in some buthids, and are therefore not
effective for taxonomic purposes. Moreover, more detailed
analysis of the karyotype of the buthid species is required for
comparative cytotaxonomy of the Buthidae.
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ABSTRACT

Objective: Naphthoquinone derivatives are known to have antibacterial activity and are likely to succeed a new class of
compound that can be applied as antimicrobial agents.

Materials and Methods: The purpose of this experiment was to evaluate the potential antimicrobial, antibiofilm, anticancer,
and cytotoxic activities of six naphthoquinone compounds previously reported in the literature.

Results: According to our studies, 2-(4-(trifluoromethyl)phenylamino)-3-(propylthio)naphthalene-1,4-dione (5a) and
2-(4-(trifluoromethyl)phenylamino)-3-(pentylthio)naphthalene-1,4-dione (5b) were found to have good antimicrobial
activity against Staphylococcus aureus ATCC 29213 with 1.22 and 19.53 pug/mL MIC values, respectively. When we carried out
the test against biofilm, the most effective agent, 5a, showed up to 40% inhibition of the S. aureus’s biofilm at the 1 x MIC
concentration. However, when we investigated the cytotoxic effect of 5a on the cancer and non-cancer cell lines, we found
that 5a showed higher toxicity to cancer cell lines.

Conclusion: The findings of our study suggest that further studies to develop these compounds and investigate its
pharmacological properties could be useful to define the functionality of them as antimicrobial or anticancer agents.

Keywords: Sulfanyl 1,4-naphthoquinone, Arylamine, Antimicrobial activity, Cytotoxicity, Biofilm

INTRODUCTION activity relationship studies performed to determine

structural features or functional groups of the
Discovering the potential of naphthoquinone compounds  y3phthoquinone derivatives that increase or decrease
as antimicrobial agents increased the efforts towards  antimicrobial activity pointed out that the incorporation
synthesis new molecules and investigation of their 4 cpstituted aromatic ring and sulphur (S) atom in the
antimicrobial properties by scientists (1, 2). Structure-  4yinone skeleton was an important factor for enhancing
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the biological activities (3). The increase in the number of studies
on this subject is not surprising. In this context, it is no surprise
that recent studies contain these activity increasing substituents
(4,5). Recently Errante et al. reported that some thio derivatives of
naphthoquinones exhibited better activities than amphotericine
B against some fungi (6). In a previous study, phenylamino
derivatives of naphthoquinone that also bear straight chain thiol
groups in the structure as substituents were obtained. Infrared,
NMR ('H, * C), and mass spectrometry were first used by Bayrak
to identify their structures as original compounds (Figure 1) (7).

In the present study, we evaluated the potential antimicrobial,
antibiofilm, and bactericidal efficacies of previously synthesized
(7) thio derivatives of phenylamino-naphthoquinones against
several pathogen microorganisms. Moreover, the cytotoxic activity
of compound 5a (which has the strongest antimicrobial activity
in diverse cancer cell lines in comparison to non-cancerous cell
lines) was examined.

MATERIALS AND METHODS

Microorganisms

The proposed routine quality control strains used in order to
screen test performance with synthesized compounds in test
panels are showninTable 1. Staphylococcus aureus (ATCC 25923)
was included in the experiment as a reference strain to confirm
the biofilm forming bacteria to ensure antibiofilm activity of the
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Table 1. The proposed routine quality control strains used to
screen test performance with synthesized compounds in test

panels.

Organisms Culture Collection Numbers
Escherichia coli ATCC 25922
Staphylococcus aureus ATCC 29213
Staphylococcus epidermidis ATCC 12228
Enterococcus faecalis ATCC 29212
Pseudomonas aeruginosa ATCC 27853
Proteus mirabilis ATCC 14153
Klebsiella pneumoniae ATCC 4352
Candida albicans ATCC 10231
Candida parapsilosis ATCC 22019
Candida tropicalis ATCC 750

ATCC: American Type Culture Collection, 12301, Parklawn Drive, Rockville, MD

20852, USA.

compound. Inoculums of bacteria and yeasts were prepared with
overnight cultures to cultivate a concentration of 1x108 colony
forming units (CFU/mL) and 1x10” CFU/mL, respectively.
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Figure 1. Straight-chained thio phenylamino-1,4-naphthoquinone derivatives.
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Media

Tryptic soy broth (TSB- Difco Laboratories) plus 1% glucose was
used for the biofilm production and antibiofilm activities assays.
Mueller-Hinton broth (MHB, Oxoid) was used to identify the
minimum inhibitory concentration (MIC) and time-kill curve;
and Tryptic Soy agar (TSA, Difco Laboratories) was used for vital
growth colony counts.

Antimicrobial Activity Assessment

Minimum Inhibitory Concentration Assay

This assay comprises of the determination of the synthesized
compounds’spectrum of antimicrobial susceptibility in compliance
with the resistance of studied Gram positive/negative bacteria
and yeasts by the CLSI broth microdilution reference method
(8, 9). The MIC was defined as the lowest concentration of the
molecules causing complete inhibition in visible growth. The
antimicrobial effect of the solvents was determined as a control
and the test results were evaluated accordingly.

The conclusion from the antimicrobial activity tests prompted our
research to investigate in vitro antimicrobial activities of compound
5a contrary to 20 clinically obtained strains of Staphylococcus
aureus by the CLSI broth microdilution reference method (8).

Antibiofilm Activity Assesment

The initial biofilm attachment assay and inhibition of biofilm
formation tests were performed by using a slightly modified
version of the method by Mataraci et al. (10) that was previously
explained. 1/10 x MICs of the compound 5a were appended to the
24 h biofilm and the plates were incubated for 1, 2 and 4 h for S.
aureus ATCC 25923 (biofilm forming bacteria) at 37°C; molecules
at 1x, 1/10x and 1/100 x MIC concentrations were appended to
the 24 h biofilm and the wells were incubated for 24 h at 37 °C,
respectively. Six wells were used for the tested compound. Sterile
TSB-glucose was used for the positive controls. Then the plates
were washed with PBS and evaluated at OD595 nm (BioTek EON
Microplate Reader).

Determination of Bactericidal Effects by Time-Kill Curves
Time-kill curve analyses were performed by culturing S. aureus
ATCC 29213 in MHB medium, in the presence of 5a at 1 x MIC. An
assessment of the dynamic bactericidal activity of compound 5a
was made with the time-kill curve method by testing at 1x times
the MIC against S. aureus ATCC 29213 as described previously.
Solvent containing the control was included in the test for the
tested strain. The inoculum was quantified spectrophotometrically
and added to the flasks. The antimicrobial amount was checked
by the inhibition of viable colony growth at the site of the initial
inoculum in accordance with NCCLS recommendations (11).
Bactericidal activity was described as a decrease of > 3 log, , CFU/
mL from the initial inoculum at 24 h.

Cell Cultures

Three non-cancer cell lines were used in this study: Mouse
embryonic fibroblast (BALB/3T3), human umbilical vein endothelial
cell (HUVEC), and human keratinocyte (HaCaT). The three cancer
cell lines used were human hepatocelular carcinoma (HepG2),

human neuroblastoma (SH-SY5Y), and human prostate cancer
cell (PC-3). All cells were grown with DMEM medium containing
10% fetal bovine serum and 1% antibiotic-antimicotic solution
ina37°C, 5% CO, humidified incubator. The cells were passaged
routinely at a confluence of 90% by trypsinization.

Cell Treatments and Cytotoxicity Assay

For the cytotoxicity assay, the cells were seeded in 96 well plates
1x10* cells/well and incubated overnight for cell attachment.
Subsequently, the media were replaced with fresh media and the
cells were treated with compound final concentrations 100-6.25
pg/mL and vehicle control 1% DMSO for 24 h at 37 °C. After 24
hours, cell viability was measured using the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The final
volume of the 5 mg/mL MTT reagent was added to the wells and
the plates were incubated in the dark for 3 h.

The media was then removed and the formazan precipitates
were dissolved in 100 uL DMSO. Optical density was measured
using a microplate reader (Biotek Instruments, Inc., Vermont,
USA) at 590 nm. Cell viability was expressed as a percentage of
the absorbance recorded for vehicle control.

Statistical Analysis

All tests were performed in three independent assays. One-
way ANOVA, Bonferroni’s multiple comparison test was used to
compare the differences between the control and compound-
treated biofilms and time-kill kinetics. A p value < 0.001 was
considered as statistically significant.

RESULTS

Molecules

In this study, we used six molecules (2-(4-(trifluoromethyl)
phenylamino)-3-(propylthio)naphthalene-1,4-dione (5a),
2-(4-(trifluoromethyl)phenylamino)-3-(pentylthio)naphthalene-
1,4-dione (5b), 2-(4-(trifluoromethyl)phenylamino)-3-(nonylthio)
naphthalene-1,4-dione (5¢), 2-(3-(trifluoromethyl)phenylamino)-
3-(propylthio)naphthalene-1,4-dione (5d), 2-(3-(trifluoromethyl)
phenylamino)-3-(pentylthio)naphthalene-1,4-dione (5e),
2-(3-(trifluoromethyl)phenylamino)-3-(nonylthio)naphthalene-
1,4-dione (5f) ) that had been previously synthesized by Bayrak
(7). Bayrak reported that the thiol derivatives of phenylamino-
1,4-naphthoquinones (5a-f) were obtained by a substitution
reaction with phenylamino-chloro-1,4-naphthoquinone
derivatives (3a-b) that synthesized by the chemical reaction
of 2,3-dichloro-1,4-naphtoquinone with trifluoro substituted
phenyl amines and the appropriate straight-chained thiol in
dichloromethane were mixed at room temperature by applying
Et,N (7). The reactions of 2-(4-(trifluoromethyl)phenylamino)-
3-chloronaphthalene-1,4-dione (3a) and 2-(3-(trifluoromethyl)
phenylamino)-3-chloronaphthalene-1,4-dione (3b) with aliphatic
thiol compounds (propane, pentane, and nonane thiol) proceeded
via the substitution of a chlorine atom with a sulfur atom to form
phenylamino-1,4-naphthoquinones with straight chain thio group
(5a-f). The structures of 5a-f were also clarified by IR, '"H NMR, "*C
NMR, and MS data (Figure 1).
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Antimicrobial Activity

The in vitro antimicrobial activity of six thio phenylamino-
1,4-naphthoquinone derivatives (5a-f) against three Gram-
positive bacteria, four Gram-negative bacteria, and three
fungi by the microbroth dilutions technique using the CLSI
recommendations (8, 9).

The antimicrobial experiment results of all the six sulfanyl
derivatives of phenylamino-1,4-naphthoquinone (5a-f) are given
in Table 2. The test-cultures E. coli, P. mirabilis, and K. pneumoniae
appeared to be resistant to the all synthesized compounds.
None of the studied molecules showed any antibacterial activity
against the Gram-negative bacteria except for 5f. Concerning
the antibacterial activity, the Gram-positive bacteria were more
susceptible to the sulfanyl derivatives of phenylamino-1,4-
naphthoquinone than the Gram-negative ones. Generally, the
findings showed that some compounds displayed varying effects
on the growth of the tested Gram-positive bacterial strains. The
results showed that all thio-phenylamino-1,4-naphthoquinone
derivatives exhibited antimicrobial activity against S. aureus. 5a
and 5b showed good activity against S. aureus with an MIC value
of 1.22 and 19.53 pg/mL, respectively. Notably, 5a had the same
inhibitory activity against S. aureus as that of Cefuroxime-Na
(MIC=1.22ug/mL). An evaluation of the antifungal activity of the
thio- phenylamino-1,4-naphthoquinone derivatives exhibited
no antifungal activity against C. albicans, C. parapsilosis, and C.
tropicalis except 5d.The 5d was active analog against C. tropicalis
(MIC = 312.5ug/mL) (Table 2). According to our results, 5a was
found active against the standard S. aureus, so we investigated
the potential antimicrobial activity of this compound against 20
clinically obtained Staphyloccocus aureus (Table 3). Susceptibility
testing demonstrated that the MIC ranges for 5a were 1250- >2500
ug/mL, for these clinically obtained strains.

Antibiofilm Activities

Because of the its potent activity, only 5a was used in the
antibiofilm activities assays. When we carried out these tests, the
agentinhibited the biofilm attachment according to time, and it
showed an important inhibitor activity against biofilm formation
at 24 h depending on concentration (Figure 2).

Time-kill Kinetics

Time-kill kinetic studies showed that the naphthoquinone
compounds used in this study displayed concentration-dependent
bactericidal activity. When 5a was used at 1 x MIC, bactericidal
activity was not seen for the studied strain S. aureus ATCC
29213 at 24 h (Figure 3). However, in our study 5a only showed
approximately 2 log, reduction in bacterial cell count at the 1 x
MIC concentration used.

Cytotoxicity Assay

The cytotoxicity of 5a was screened in three different non-
cancer cell lines, mouse embryonic fibroblast (BALB/3T3),
human umbilical vein endothelial cell (HUVEC), and human
keratinocyte (HaCaT), together with three cancer cell lines, human
hepatocellular carcinoma (HepG2), human neuroblastoma (SH-
SY5Y), and human prostate cancer cell (PC-3).In all cell lines 5a
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Table 2. In vitro antimicrobial activity results of thio-phenylamino-1,4-naphthoquinone derivatives (5a-f).

Microorganisms

Yeast (MIC, pug/mL)

Gram-positive Bacteria (MIC, pg/mL)

Gram-negative Bacteria (MIC, pg/mL)

C.parapsilosis  C. tropicalis

C. albicans

E. faecalis

S. aureus

P. mirabilis

K. pneumoniae

E. coli

ID

epidermidis

aeruginosa

1250

625

5e

1250

1250

625

5f

1250

19.53

5b

1250

5¢

3125

3125

5d

625

1250

1.22

5a

0.5

4.9

9.8 128

4.9 24 1.2

4.9

24

Reference

Clotrimazole Amphotericin B Amphotericin B

Amikacin

antimicrobials Ceftazidime Cefuroxime-Na Cefuroxime-Na Cefuroxime-Na Cefuroxime-Na Cefuroxime
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Figure 2. Inhibition of S. aureus. A: surface attachment to the wells contained 1/10 x MIC of molecule and an inoculum of 1 x 107 CFU/200
pl, incubated for 1, 2, or 4 h at 37°C; B: biofilm formation in each well contained 1 %, 1/10 X, or 1/100 x MIC of molecule and an inoculum
of 5 x 10° CFU/200 pl, incubated for 24 h at 37°C. Control bars indicate bacterium without molecule accepted as 100%. Six wells were
used for the tested molecule. Each experiment is representative of three independent tests. All differences between the control and

molecule treated biofilms were statistically significant (p < 0.001).

decreased cell proliferation significantly after 24 h. The most
significant effect was seen in the HepG2 cell line with an IC
value of 21.96 pg/mL. 5a showed a similar cytotoxic effect in
the SH-SY5Y and PC-3 cells with IC, values of 31.94 pg/mL and
31.95 ug/mlL, respectively (Figure 4). 5a had IC_ values of 60.72
ug/mL, 5727 ug/mL, and 38.8 ug/mL against non-cancer cells,
HaCaT, 3T3, and HUVEC cells respectively (Figure 5), implies
that higher concentrations of compound exhibit toxicity to
non-cancer cells.
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Figure 3. Time kill determinations for S. aureus ATCC 29213 strain
after treatment with 5a alone at 1 x MIC. The x-axis represents
the killing time, and the y-axis represents the logarithmic S.
aureus survival.

Table 3. In vitro activities of 5a against 20 clinically obtained
strains of S.aureus.

Staphylococcus aureus

Molecule

MIC range MIC50 MIC90

5a 1250- >2500 1250 2500

Cancercells

1504
- HepG2

-~ SH-SY5Y

1004 -4+ PC-3

Viable cells (%)
o
°
1

pg/mL

Figure 4. Cytotoxic effect of 5a against HepG2, SH-SY5Y and
PC-3 cells determined by MTT assay. Each point representing
the mean of three separate biological experiments + S.D.

Non-cancer cells
150
-&- BALB/3T3
- HUVEC

1004
—*— HaCaT

Viable cells (%)
o
o
1

ng/mL

Figure 5. Cytotoxic effect of 5a against BALB/3T3, HUVEC and
HaCaT cells determined by MTT assay. Each point representing
the mean of three separate biological experiments + S.D.

118




Eur J Biol 2019; 78(2): 114-120
Mataraci-Kara et al. Biological activity of Arylamino-1,4-naphthoquinone

DISCUSSION

The increase and spread of antimicrobial resistance among
the various microorganisms is now one of the world’s major
health problems. Antibiotic resistance is increasing both in the
community and in hospitals, multidrug resistant (MDR) and even-
pan resistant strains (resistant to all common antibiotic groups
for therapeutic use), which lead to failure of antibiotic treatment,
increased mortality and morbidity and have a huge increase on the
cost of medical treatment and prevention of bacterial infectious
diseases (12, 13). For these reasons, researchers have produced
many synthetic or semi-synthetic molecules as candidates for new
and benefical drugs (13-15). The discovery of new antibacterial
agents or multidrug agents for reversing is critical as we may not
have any effective medicines to treat bacterial infections caused
by the emerging superbugs that are resistant to the majority of
clinically available antibiotics (16).

In our present study, the in vitro actimicrobial activities of known
phenylamino derivatives of naphthoquinone having straight chain
thiol groups were evaluated and two molecules (5a and 5b) were
found to have a potent antibacterial efficacy against S.aureus
human-pathogenic strains and causes not only community
acquired but also immortal nosocomial infections (10).

The communities of microorganisms attached to a surface were
termed ‘biofilm’ Bacteria within the biofilm require a 100 to 1000
times greater antibiotic concentration to achieve destruction
versus planktonic bacteria. Standard intravenous therapy does not
reach a high enough concentration to reduce the bacterial burden
within the biofilm. It is a fact that this is the case for up to 60% of
the infections which are usually associated with microorganisms
that have settled in the microbial biofilms. Not all antimicrobial
agents are the same in terms of biofilm eradication. The agent’s
mechanism of action, its interaction with the biofilm matrix and the
effect of biofilm related parameters such as oxygen concentration,
biofilm and growth rate should be considered (17-19).To this end,
we researched the inhibition of surface bacterial adhesion and
the inhibition of biofilm production by MIC or sub-MIC values of
the 5a compound. 5a significantly inhibited the attachment of
bacteria at 1/10 x MIC in 1-4 h and 24 h biofilm formation up to
40%, in particularat 1 x MIC (p <0.001). Although the inhibition of
mature biofilm is very difficult, the inhibition of biofilm formation
seems to be more applicable in early critical stages.

Although 5a has limited bactericidal activity against S. aureus
at 1 x MIC, it could be considered for future studies since its
combination with antibiotics as an adjuvant could cause synergism,
thus lowering 5a’s potential toxic effects and preventing the
development of resistance. Moreover, comparing the cytotoxic
effect of the compound on non-cancer and cancer cell lines, we
noticed that 5a showed higher toxicity to cancer cell lines. Human
hepatocellular cancer HepG2 cells in particular were the most
effected cells. This result may suggest potential anticancer use
against human hepatocellular cancer.

HaCaT cells are immortalized human keratinocytes and it is a useful
model for studying dermal toxicity. 5a showed the least toxicity to

the HaCaT cellsand IC,  value was over 60 ug/mL. Also, increasing
doses of the compound did not cause more cytotoxic effect in
the HaCaT cells. Additionally, the compound showed a 2-fold
higher IC_; value to the mouse embryonic fibroblast BALB/3T3
cells than the cancer cells. These results may indicate potential
antibacterial dermal use of the compound in low concentrations
without causing significant dermal toxicity. Follow-up research
is essential to understand the compound’s mechanism of action
and define detailed the activity-structure relationship.

CONCLUSION

With respect to the antimicrobial, anticancer, and cytotoxic
activities of the phenylamino derivatives of naphthoquinone that
contain straight chain thiol groups in the structure as substituents
which had been previously synthesized, further studies to establish
their pharmacological properties would be helpful to define their
functionality as antimicrobial or anticancer agents.
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ABSTRACT

Objective: Acute pancreatitis (AP) is an inflammatory disease of the pancreas resulting from auto-activation of digestive
enzymes and damage to the pancreatic parenchyma. Reactive oxygen species (ROS) play an important role in the progression
of AP. In the present study, we aimed to evaluate epigallocatechin-3 gallate (EGCG) in reducing the inflammatory reaction and
tissue damage in experimental AP rat model.

Materials and Methods: Amylase, tumor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6) levels were measured.
Histopathological, immunohistochemical analyses of apoptotic cells, CD-8a and CD-68 were performed. Superoxide dismutase
(SOD), catalase (CAT) and glutathione S-transferase (GST) were determined in hemolysates.

Results: Cerulein+EGCG treatment did not cause decreases in the amylase levels. IL-6 levels decreased in cerulein+EGCG group,
however, TNF-a levels increased. No changes were observed in SOD activity by EGCG treatment, CAT and GST activities increased.
EGCG treatment caused severe edema, inflammation and fat necrosis after cerulein-induced pancreatitis. Apoptosis in pancreas,
CD8-a and CD-68 positive cells increased in EGCG treatment after pancreatitis induction.

Conclusion: It may be suggested that EGCG showed a pro-oxidant effect, in contrast to the expected in the pancreatitis model
when compared to a positive control. It can be concluded that overconsumption of EGCG should be avoided in pancreatitis
conditions.

Keywords: Acute Pancreatitis, Reactive Oxygen Species, Epigallocatechin-3 Gallate, N-acetylcysteine, Antioxidant Effect

INTRODUCTION have a mortality rate of 20-30% (1-3). The main
pathophysiologic event in the initiation and progression
of pancreatitis is the digestive enzyme auto-activation
and acinar cell damage leading to inflammation (2).

Trypsin is the main pancreatic enzyme that is activated,

Acute pancreatitis (AP) is an inflammatory disease of the
pancreas resulting from the auto-activation of digestive
enzymes and damages to the pancreatic parenchyma as

the result of auto-digestion. Various causative factors
underlie the disease process, including gallstone disease,
alchohol abuse, hyperlipidemia, drugs (azathioprinei
sulphonamides, estrogens), autoimmune diseases etc.
(1). Eighty per cent of the cases are mild/edematous
pancreatitis, and resolve completely with proper
treatment modalities (2). On the other hand, the remaining
one fifth of the cases progress to severe AP (SAP), and

and is responsible for the parenchymal damage and also
for activation of the inflammatory cascade (2,3). It
activates the kallikrein and kinin systems, and also
activates the coagulation and/or fibrinolysis cascade (4).
Inflammation and acinar cell damage is actually an
overlapping event. Local inflammation causes an up-
regulation in the expression of the adhesion molecules
in the capillary endothelium, leading to the increased
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migration of the leukocytes to the region (4). The migrating
neutrophils will be activated in the pro-inflammatory milieu, and
start degranulation (2-6). This leads to the production and release
of various mediators, such as phospholipase A2, nitric oxide and
oxygen radicals. All those result in an increase in the severity of
the inflammation, and it is usually seen with SAP (5, 6). Elucidation
of the factors that cause the progression of the potent
inflammatory response and furthermore, modulation of this
response, have been the subject of current pancreatitis research.
In pancreatitis, once the disease process progresses to SAP, various
organ systems are affected by this systemic inflammatory process
(2,57, 8).

Reactive oxygen species (ROS) seem to play a crucial role in the
pathogenesis of AP (9). The leukocytes isolated from the patients
with pancreatitis showed enhanced capabilities for production
and release of ROS (9,10). The enhanced production of ROS, not
only leads to severe organ damage, but also causes activation of
nuclear factor kappa-light-chain-enhancer of activated B cells
(NF-2B) pathway activation (10,11). Since ROS causes both tissue
damage that potentiates the inflammatory process, and enhanced
pro-inflammatory cytokine production through certain cellular
pathways, blocking the ROS may be a valid treatment strategy
for the treatment of AP (10).

Experimental models for AP provide the exact mechanism of
the disease and developing new therapeutic strategies. Recently,
several animal models have been produced for AP, including
non-invasive and invasive methods (12). In the present study,
we used the hormone-induced model (cerulein as a
cholecystokinin-pancreaozymin analogue), which is one of the
non-invasive methods for induction of AP. This experimental
method was chosen due to several advantages, such as being
an easy simple method to perform. Additionally, the cerulein-
induced AP model was reported to be a useful method, due to
healing process which begins after the disease induction agent
is discontinued (12).

Epigallocatechin-3 gallate (EGCG) is a naturally occurring
polyphenol that belongs to the broad family of chemical
compounds called the flavonoids (13, 14). Flavonoids are
abundant in various foods such as apples, grapes, cherries, berries,
while EGCG is a polyphenol that is mainly found in cacao and
its products, and especially in green tea (13, 14). EGCG, like all
polyphenols acts through antioxidant and non-antioxidant
mechanisms. Antioxidant mechanisms aim to restore the redox
balance and counteract the ROS activity in organisms, and repair
oxidant-induced injury (15-17). However, non-antioxidant
mechanisms include the oestrogen receptor signalling, cell
signalling cascade and cell cycle control pathways (18). Green
tea polyphenols have high antioxidant capacity, and these
phenolic compounds proved to exert pro-oxidant effects and,
by means of their pro-oxidant effect, they were suggested as a
potential prevention mechanism for cancer (19). Studies from
cancer research have shown that EGCG inactivates the signal
transduction and transcription (STAT) pathways (20). Furthermore,
it also plays a role in the inactivation of anti-tumour immunity.

Persistent STAT3 activation causes a tumour promoting
inflammation through the activation of NF-x%B, interleukin-6 (IL-
6) family of cytokines and gp130, Janus Kinase (JAK) pathway
(21). Additionally, EGCG binds the p65 subunit of NF-»%B and
inhibits the pathway, and causes a reduction in the pro-
inflammatory cytokine production. The above mentioned action
mechanism of EGCG emphasizes its capability to reduce
inflammation (22). Therefore, it can reduce the main
pathophysiologic event, inflammation in AP, and reduce tissue
damage and hence, can decrease the morbidity and mortality
resulting from this serious illness. On the other part,
N-acetylcysteine (NAC), which plays a crucial role in the formation
of glutathione as a powerful antioxidant in the body, has been
shown to prevent the increase in the cytosolic calcium status,
and reduce the accumulation of enzymes in acinar cells during
AP (23). Green tea has been demonstrated as a polyphenol-rich
extract with a high content of cathechins, including epicathechin,
epicathechin-3-gallate, EGCG and epigallocathechin (24), and
EGCG was known to have potent antioxidant properties among
other cathechins (25). Although effects of green tea extract on
cerulein-induced pancreatitis was studied in a mice model
previously (11), in that study, the authors evaluated the whole
green tea extract rather than a flavonoid. So, it is necessary to
study which flavonoids in the green tea extract caused
ameliorative effects. So, we intended to evaluate EGCG which is
the most abundant flavonoid found in the green tea. The main
aim of this study was to evaluate ECGC in reducing the
inflammatory reaction and tissue damage in an experimental
AP rat model.

MATERIALS AND METHODS

Animals

All experiments were performed in accordance with the protocols
approved by the veterinarian. This study was performed by the
official permission of the Hacettepe University Ethical Committee
for the Protection of Animals in Research (#2008/54). Male Wistar
rats (approximately weighing 300-350 g) were housed in
polycarbonate cages in a controlled environment with12:12-hours
light-dark cycles. The rats were given standard laboratory chow
and water ad libitum.

Chemicals

Cerulein (=95%) was provided by Sigma-Aldrich (St. Louis, MO,
USA). Both of EGCG, and NAC were obtained from Sigma-Aldrich
(St. Louis, MO, USA), and each stock solution with a 100 mg/kg
concentration was prepared in water. All other chemicals and
reagents were provided by Sigma-Aldrich (St. Louis, MO, USA).

Induction of Acute Pancreatitis

Rats were injected intramuscularly with ketamine (50 mg/kg) and
xylazine (5 mg/kg) for anesthesia. After anesthesia, an intravenous
catheter was placed into right jugular vein. Rats were injected
twice into the catheter at a 1-h interval, with a supra-maximally
stimulating dose of cerulein to elicit AP. Rats in the control group
received similar injections of saline solution. The animals were
injected with saline following the induction of AP.
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Experimental Groups

The treatment was started with EGCG and NAC following the
induction of AP in order to simulate the actual clinical scenario.
Therefore, 20 animals were randomized into 4 groups including
5 animals in each group.

Pancreatitis was induced by cerulein at a dose of 5ug/kg/h,
established following intravenous infusion from the catheter
inserted into the internal jugular vein as standard (13). Rats
with cerulein-induced pancreatitis were treated with EGCG or
NAC at doses of 100 mg/kg i.p.at 6 and 18 hours. The dose
selection of EGCG was based on the previous study (26). NAC
was used as a positive control. Laparotomy was performed in
all groups, including the control group at 24 hours. Groups
were as follows:

The control group consisted of the sham group; rats were injected
with saline in two doses 1 hour a part. The cerulein group was
the AP group, induced by Cerulein. The cerulein+NAC group
consisted of the NAC treated pancreatitis group and the
cerulein+EGCG group consisted of the EGCG treated pancreatitis
group. At the end of the experiment, the animals were sacrificed
under anaesthesia by opening the thoracic cavity and also drawing
blood via the inferior vena cava.

Management and Harvest of the Samples

Venous blood samples and pancreatic tissues were dissected
from the animals. Pancreatic tissues were fixed in 10% neutral
buffered formalin for immunohistochemistry and Bouin’s
solution for histopathology. Blood samples were taken and
placed in heparinized tubes, and centrifuged at 3500 rpm for
15 min. Erythrocytes were washed with PBS, and hemolysates
were prepared with the addition of cold deionized water, and
samples were centrifuged for the removal of cellular debris.
The supernatants were used for the enzyme assays. All
supernatant samples were stored at -20°C until further
analyses.

Histopathology

Pancreas tissues of each rat were dissected, then observed
grossly and weighed. Relative organ weights (organ weight/
body weight) were calculated. Pancreas tissues were fixed in
Bouin’s solution, dehydrated in increasing alcohol degrees and
embedded in paraffin blocks. 5 um-thick sections were obtained,
and were tissues stained with H&E for the light microscopy.
Histological evaluation was performed according to Schmidt
criteria (Table 1).

Immunohistochemistry of CD8-a and CD68
Immunohistochemical analyses were principally performed by
the streptavidin-biotin amplification method. Monoclonal
antibodies were against formalin fixed CD8-a (Santa Cruz
Biotechnology, INC, 6A242) and CD68 (Santa Cruz Biotechnology,
INC, 6A324) transmembrane proteins. Briefly, portion of the
pancreas tissues were fixed in 10% neutral buffered formalin,
dehydrated in increasing alcohol degrees and embedded in
paraffin blocks. Then 5 um-thick sections were replaced on poly-
L-lysine coated slides. After sections were deparaffinized, tissue
sections were treated with citrate buffer at 95°C for 20 min for
antigen retrieval. Sections were washed with PBS with 0.01%
Triton X-100 and treated with 0.3% hydrogen peroxidase for 15
min at room temperature, then incubated with ultra V block for
10 min. The sections were incubated with mouse CD8-a against
rat (1:50 dilution), and with mouse CD68 against rat (1:25 dilution)
at +4°C overnight. Peroxidase labelling was carried out using the
Ultravision Polyvalent (Rabbit-Mouse) HRP kit (Thermo Sceintific/
Lab Vision), and the positive stainings were visualized by using
DAB kit (Thermo Scientific/Lab Vision) to display the reaction
product with a brown colour. Then, counterstaining was performed
by Haematoxylin staining. Ten random areas were selected at
x100 magnification, and CD8-a and CD68 positive cells were
counted. CD8-a, and CD68 were expressed as positive cell numbers
per square millimetre.

TUNEL Assay

10% neutral buffered formalin fixed sections were deparaffinised
and dehydrated. Then, sections were digested by Proteinase K
for 15 minutes at room temperature. The endogenous peroxide
was quenched in 3% hydrogen peroxide. Apoptotic nuclei of the
pancreas were performed by in situ terminal deoxynucleotidyl
transferase (TdT)-mediated deoxyuridine triphosphate (dUTP)-
biotin nick end-labelling (TUNEL) using Apoptag®Plus kit (Milipore,
S7100 EMD Millipore). Counterstain was performed by 0.5%
methyl green. Apoptotic cells were quantified by counting the
number of TUNEL positive cells per square millimeter. For each
section, 10 areas were randomly selected at x100 magnification
per animal and then, the numbers of apoptotic cells were
calculated per one square millimeter.

Enzyme Assays

Catalase (CAT) and superoxide dismutase (SOD) enzyme specific
activities were performed as previously described (27). Briefly,
blood samples were centrifuged, and separated erythrocytes
were washed with PBS. Supernatant samples of hemolysates

Table 1. Schmidt Criteria for histopathological scoring

Pathological Grade 0 1 2 3

Edema None Interlobular Intralobular Inter acinus
Acinar cell degeneration ~ None Focal (<5%) Sublobular (5%-20) Lobular (>20%)
Inflammation None Mild Moderate Severe
Hemorrhage None Mild Moderate Severe
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were used for the experiments for SOD, CAT and glutathione-S-
transferase (GST) antioxidant enzyme activity measurements.
Total protein component was measured in order to calculate the
specific enzyme activities. Amylase, IL-6 and tumour necrosis
factor alpha (TNF-a) in serum samples were measured with
commercial ELISA kits.

Statistical Analysis

All results were expressed as mean + standard error. Differences
between groups were analysed by non-parametric Kruskal-Wallis
variance analyses. Mann-Whitney U-test was performed for
independent groups with p < 0.05 significance levels.

RESULTS

Plasma serum amylase activities were shown in Figure 1A.
According to the amylase activity results, the amylase activity in
cerulein, cerulein+NAC and cerulein+EGCG groups was statistically
increased when compared to control group (p < 0.05).

Serum inflammatory cytokine levels were measured, and the
results were shown in Figure 1B-1C. While IL-6 levels statistically
decreased, TNF-a levels of cerulein+EGCG group were statistically
increased when compared to the control group (p= 0.009, p=
0.009). Additionally, TNF-a levels of cerulein+EGCG group were
also significantly increased compared to the cerulein and
cerulein+NAC groups (respectively, p= 0.04, p= 0.02).
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Figure 1. Enzyme activity and inflammatory cytokine results of rats belong to all groups. A) Plasma amylase activity, B) Serum TNF-a
levels, C) Serum IL-6 levels, D) SOD activities, E) CAT activities, F) GST activities. "Statistically significant from control group, #Statistically
significant from cerulein group, &Statistically significant from cerulein+NAC group (p < 0.05). Each bar represents mean =+ standard error.
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Activities of antioxidant enzymes, including SOD, CAT and GST
were performed, and results were shown in Figures 1D-F. SOD
activities did not differ among groups. CAT activities increased
in the cerulein group, as well as in the cerulein+NAC and
cerulein+EGCG groups compared to control group. GST activities
of the cerulein group, as well as the cerulein+EGCG group were
found significantly increased compared to the control group
(respectively, p = 0.03 and p =0.01).

Pancreases of the rats in all groups were evaluated
histopathologically to determine the pancreatitis severity
according to Schmidt criteria. Pancreas tissues were evaluated
for the severity of edema, inflammation and fat necrosis.
Histopathological results were shown in Figures 2-3A.The control
group had no pathological findings. Edema in cerulein (Figure
2B) and cerulein+EGCG groups was found statistically increased
compared to the cerulein+NAC group (Figure 3A). Groups were
also compared in terms of inflammation and fat necrosis (Figure
3A). Both the cerulein and cerulein+EGCG groups were statistically
increased compared to the cerulein+NAC group.

5 ) e =

According to TUNEL assay results, apoptotic cells increased
significantly in the cerulein+EGCG group compared with the
cerulein+NAC group (Figure 3). CD8-a positive cells in the
cerulein+EGCG group increased statistically compared with the
cerulein+NAC (p = 0.035). Results were shown in Figure 3B.
Although CD68 positive cells increased in the cerulein+EGCG, no
statistically significance was found between groups.

DISCUSSION

In recent decades, studies on oxidative stress, which plays a crucial
role in the development of several pathologies, have drawn
attention of scientists to understand the relationship between
oxidative stress and diseases, and the struggles to develop new
treatment strategies. AP is a complex disease that brings about
several complications, and associated with a high mortality rate
(28). Pathophysiology of AP was mainly attributed to oxidative
stress and therefore, trials of several antioxidant agents came
into prominence for therapy.

s Sl -y

inflammation (»), x50.

Figure 2. Histopathological findings according to Schmid criteria, H&E staining. A) Control group, x100; B) Cerulein group, interlobular
edema (»), x100; C) Cerulein+EGCG, intralobular edema (*), and fat necrosis (—), x100; D) Cerulein+EGCG, intralobular edema (*)and
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Cerulein-induced pancreatitis was proven to be one of the
alternative experimental pancreatitis models, and best
characterized by exerting similar pathophysiological characteristics
(29). In normal physiological conditions, digestive enzymes are
known to be stored in acinar cells as proenzymes in zymogen
granules. When animals were exposed to high dose cerulein which
is a cholecystokinin (CCK) analogue, it was shown to cause
induction of exocytosis of zymogen granules and consequently,
excessive secretion of digestive enzymes. However, after
stimulation by excessive CCK when bound to low affinity CCK
receptor, digestion enzyme secretion is inhibited (30). In previous
studies, it was indicated that induction of pancreatic enzyme
activated by cerulein in 30 min after intravenous injection.
Hyperamylasaemia, as well as common histopathological changes,
including inflammatory cell infiltration, active digestive enzyme
in pancreas and edema are the major findings of the cerulein-
induced pancreatitis model (30). In the present study, cerulein
caused increases in serum amylase levels, as well as
histopathological changes, indicating that the AP model was
successful. In the present study, while serum amylase level
decreased in the cerulein+NAC group, it increased in the
cerulein+EGCG treatment groups compared to the cerulein group.
Although NAC seemed to be protective effects against pancreatitis,
EGCG treatment worsened the pancreatitis scenario.

Oxidative stress is caused by the impairment of the balance
between ROS and the antioxidant system of the body (31).
Oxidative stress has been reported to play an important role in
the pathophysiology of several diseases, resulting in high mortality
such as in AP, endotoxic shock as well as sepsis. Besides, the body
has a defence mechanism that scavenges the excess free radicals.
Increases in SOD and CAT activities are consistent with ROS, and
it was shown that SOD and CAT activities elevated in SAP (32).
GSTis an antioxidant enzyme and plays important role in oxidative
stress situations (33). In the present study, SOD activities did not
change between groups. However, CAT and GSH enzyme activities
in the cerulein+NAC and cerulein+EGCG groups were found higher
than in the control group. It should be stated that NAC treatment

may lower the cerulein-induced pancreatitis. On the other hand,
considering CAT and GST activities, EGCG was as effective as NAC
in reducing oxidative stress.

Interaction between oxidative stress and cytokine release plays
an important role in the systemic response of AP (34). In AP, it
was known that pro-inflammatory cytokine levels, including
TNF-q, IL-1 and IL-6 increase, and these pro-inflammatory
cytokines may play pivotal role in initiating the systemic response
(35). The results of the present study showed that pro-
inflammatory cytokine levels increased in response to pancreatitis
induction. NAC treatment as an antioxidant agent caused
decreases in serum IL-6 levels. Additionally, EGCG treatment
seemed to be more effective in balancing IL-6 levels. However,
serum TNF-a results showed a statistically significant increase
in serum TNF-a level at a higher degree, compared to the results
of the EGCG treatment group, relative to pancreatitis. It has been
mentioned previously that when the AP is induced, pancreas
inflammation begins in 3 hours and leukocyte recruitment, and
pro-inflammatory cytokines are released by activated
macrophages as a result of pancreatic damage (34). Increased
levels of pro-inflammatory cytokines were reported to be
correlated with the pancreatic inflammation stage (36). TNF-a
and IL-1f are two of the cytokines that initiate the systemic
inflammatory response in AP, and they are known to amplify
cascades of inflammatory response (37). In our cerulein-induced
pancreatitis model, histopathological results were consistent
with the model. However, while NAC treatment ameliorated the
inflammatory response, the inflammatory response in the EGCG
treated group seemed to be more severe than in the pancreatitis
group. As well, in the inflammation sites of the pancreas, it was
known that T cells take place in a smaller number in addition to
macrophages. In the present study, increased number of CD8-a
positive cells, which is a marker of cytotoxic T cells, were observed
in the cerulein-induced pancreatitis group, but EGCG treatment
made the situation worsen by increased number of cytotoxic T
cells. Similar results could be seen for macrophages with staining
of CD68+ cells. EGCG treatment caused increases in macrophage
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numbers. Recently, it was indicated that activated macrophages
have an important role in decreasing the inflammation, and
prompting wound healing, fibrosis as well as tumorigenesis.
Fibrosis is reported to be regulated mainly by macrophages (38).
Additionally, increases in the serum TNF-a level in EGCG groups
were consistent with increased numbers of apoptotic cells.
Accordingly, in several cells it was proved that TNF-a stimulate
apoptotic/necrotic cell death (39). The results of previous studies
conducted with cerulein-induced pancreatitis model, TNF-a
mediated apoptosis was one of the main findings (39). Moreover,
in the present study it may be suggested that EGCG treatment
may be the aggravating factor, and may worsen pancreatitis for
the cerulein-induced pancreatitis model.

EGCG, which is one of the most effective catechin compounds,
mainly found in green tea leaves, has numerous health benefits,
and these were attributed to having free radical scavenging
properties, as well as being highly antioxidant. Green tea extract,
which has numerous polyphenols, has been reported to
ameliorate cerulein-induced male mice by inactivation of NF--
B inactivation and the oxidative stress pathway (11). However,
in our study we aimed to evaluate especially EGCG, and our
results were not consistent with the previous study. Although
having beneficial effects, previous studies concluded that green
tea extracts, such as EGCG, might have toxic and pro-oxidant
effects (40). It was claimed that EGCG may induce apoptosis by
the production of H,0, in human cancer cell line H661 (41).
EGCG was reported to induce apoptosis in pancreatic cancer
by caspase activation and mitochondrial membrane
depolarization (42). Catechins are antioxidants that scavenge
the free radicals, but also they were reported to induce oxidative
stress, and such pro-oxidant effects were reported to induce
apoptosis in cancer cells (19). One of previous studies declared
that EGCG had strong ROS scavenging activity and protective
effects at 2-30 mM concentrations; however, it was found that
in concentrations higher than 60 mM, EGCG increased the
oxidative damage on DNA. It was suggested that, EGCG had
protective effects at lower concentrations; on the contrary, it
was reported that at higher concentrations, EGCG exerted pro-
oxidant effects on DNA by increased ROS (43, 44). In summary,
in the cancer therapy, green tea polyphenols may be a good
alternative for consumption. Although, its protective effects
were proved for cancer treatment strategies, the present study
suggests that it is not an alternative treatment for AP.

CONCLUSION

In conclusion, although pro-oxidant effects of EGCG may induce
apoptosis in tumorigenic cells and used for cancer therapy, when
it comes to pancreatitis, EGCG may worsen the degree of
pancreatitis. That may be attributed to the use of higher doses
of EGCG. It can be concluded that overconsumption of polyphenols
having pro-oxidant effects, including EGCG, may worsen
pancreatitis conditions. Further analyses need to be performed
in order to exert the pro-oxidant mechanisms and the dose
dependency of action of EGCG for AP.
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ABSTRACT

Objective: The use of essential oils in mosquito control is considered as a potential alternative of synthetic insecticides. The
current study aimed to assess the larvicidal activity of the essential oils extracted from five medicinal plants collected from
northeastern Algeria against the Culiseta longiareolata larvae, a vector of the Plasmodium species in birds and one of the most
abundant mosquito species in Algeria.

Materials and Methods: The essential oils extracted from: Thymus vulgaris, Artemisia herba-alba, Juniperus phoenicea,
Rosmarinus officinalis, and Eucalyptus globulus were tested against the 3 and 4" instar Culiseta longiareolata larvae. The
larvae were exposed to a series of concentrations of the tested essential oils for 24h. The concentrations that caused between
10% and 90% mortality were replicated four times, and the entire test was repeated three times. The collected data were used
to determine the LCso and LCo values,

Results: The tested oils revealed an efficient larvicidal activity. T. vulgaris showed 100% mortality at 80ppm final concentration,
while the other tested oils showed 100% mortality at 200ppm. Furthermore, the lethal concentrations that caused 50% and
90% mortality (LCso and LCe0) were varying. T. vulgaris was the most efficient essential oil (LCs0=25.64ppm, LCo0=50.53ppm),
followed by J. Phoenicea (LC50=59.83ppm, LCo0=137.68ppm), R. officinalis (LCso= 64.18ppm, LCo= 96.55ppm), A. herba-alba
(LC50=86.67ppm, LCo0=139.55ppm), then E. globules (LC50=95.83ppm, LCo0= 168.25ppm).

Conclusion: The use of essential oils or their principal active components as a-pinene, 1,8-cineole and Camphor may serve
as an eco-friendly method to control mosquito larvae. Nevertheless, the field application of essential oils and their principal
components remains a fundamental step to evaluate the field efficacy of these botanic extracts and to note their possible
secondary effects on non-targeted organisms.

Keywords: Aromatic medicinal plants, Culiseta longiareolata, Essential oil, Larvicidal activity, Mosquitoes

INTRODUCTION of mosquito-born-diseases. Mosquito control may

depend on various strategies; the most common in
Culicidae, or mosquitoes as commonly known, is @ the past decades was the use of synthetic insecticides
family of Diptera insects that reproduce quickly and 5 jnexpensive and available products. However, the
abundantly. Simultaneously, this family includes major  ,co of synthetic insecticides has over time created

vectors for many deadly and dangerous diseases.  anyironment pollution and resistance problems (1, 2).
Therefore, the importance of the mosquito family in

terms of public health makes mosquito control an  Recently, eco-friendly methods were developed to
important initiative to minimize the negative effects = control mosquitoes. For instance, the enhancement
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of behavior-based control tools and the development of
repellent and toxic products based on botanic components
can target different mosquito life stages (3, 4). Essential oils
(EOs) extracted from different parts of plants were frequently
tested for their mosquitocidal activity (5). These primary
botanic materials present various biological activities. They
can act as insecticides where they can affect the oviposition,
survival, larval duration, pupation and insect emergence
(6, 7). However, the larvae stage appears to be more
appropriate to control mosquito populations because of the
high reproduction rates and larvae food mechanisms that
allow a high number of mosquito individuals to be targeted
simultaneously. Therefore, the assessment of the larvicidal
efficacy of various plant derivatives was the main objective of
many research papers (8-11).

Culisetalongiareolata (Macquart 1838) constitutes with the Culex
pipiens (Linnaeus 1758) complex the most abundant species
in Algeria. It usually breeds near human habitations, however,
the females prefer to feed on bird blood (12). Cs longiareolata
has uniquely adaptive and survivor features. Kiflawi et al. (13)
have confirmed that the females of this species showed an
adaptive response against the risk of predation and negative
density effects where they avoid laying their eggs in predator
pools. Further, Cs longiareolata is considered as a primary
vector of Plasmodium (Giovannolaia) circumflexum (Kikuth
1931), Plasmodium relictum (modified from Garnham 1966) and
Plasmodium polare (Manwell 1934) in birds, and its capacity to
transmit P. relictum in Algeria was proven experimentally (14,
15). In this context, we have assessed the larvicidal activity of
EOs extracted from five aromatic medicinal plants, harvested
from Northeastern Algeria, against Cs longiareolata larvae. The
efficacy of the tested EOs will be evaluated by calculating the
LC,, and LC, values and by comparing them with the LC_ and
LC,, values of the same EOs tested previously against other
targeted mosquito species.

MATERIALS AND METHODS

Mosquito Collection

Culiseta longiareolata larvae were collected regularly from
three clean fixed and controlled pools in Algeria, where the
mosquitoes were not exposed to any insecticides. Larvae of
the third and fourth instar were used directly in the test; eggs,
first and second instar larvae were reared in room temperature
(27°C£2°C), in a 12 h light: 12 h dark photoperiod, until the
fourth instar was reached.

Essential Oils Extraction

The aerial parts of the tested plants were collected from
different regions in the Mediterranean and semi-arid climate
northeastern Algeria: Thymus vulgaris L. from Guelma,
Artemisia herba-alba Asso from M'Sila, Juniperus phoenicea
L. from lJijel, Rosmarinus officinalis Linn from Bouira and
Eucalyptus globules L. from Batna. The plants’ collection started
at the beginning of the summer (June) in 2018. The samples
were air-dried at room temperature. The dried plants were

submitted to classical steam distillation for 3-6 h. The samples
were exposed to the water vapor produced in the flask crosses,
the vapor was charged with the EO, and then was condensed
in the condenser. The EO floated on the water surface was
then recuperated. The yield of the EOs was between 0.8 and
1.5%.

Larvicidal Bioassay

According to WHO guidelines for laboratory and field testing
of mosquito larvicides (16), we tested the larvicidal activity
of EOs extracted from the leaves of five aromatic medicinal
plants T. vulgaris, A. herba-alba, J. phoenicea, R. officinalis ,E.
globulus against Culiseta longiareolata larvae under laboratory
conditions. The EOs were extracted by steam distillation, they
were next serially diluted in ethanol to obtain 10%, 1%, 0.1% and
0.01% of stock solution, and 0.1-Tml of the previous dilutions
were added to 100ml of water to obtain the final concentrations.
A series of concentrations and controls were applied on 25
mosquito larvae distributed in five cups containing 100ml of
water. A total of 8925 larvae were tested. We started the test with
the lowest concentrations. The concentrations that showed less
than 10% mortality were excluded. Concentrations that showed
10% mortality or more were replicated 4 times, and each test
was run three times. After 24h of exposure, moribund and dead
larvae were counted. We have chosen four concentrations which
caused between 10% and 90% mortality to determine the LC
and LC, values. The data obtained from the four replicates in the
three tests were pooled for analysis.

Statistical Analyses

Data were subjected to probit analysis using SPSS software
V25 (Using probit model because of the normal distribution
of data); and final concentrations were transformed to log10.
Lethal concentration LC,, and LC,, with a 95% confidence
limit (CL) suspected of killing 50% and 90% of the population
respectively, were calculated and presented with the regression
equations (Y= a +b*x) and regression coefficients (R?).

RESULTS

Five plant EOs were tested to evaluate their larvicidal activity,
and the tested oils revealed various mortality percentages at
different concentrations (Table 1). The majority of the tested
oils showed 100% mortality at 200ppm final concentration,
except for T. vulgaris that showed 100% mortality at 80ppm.
Further, the oils started to affect the larvae life at different
concentrations; the lowest concentration that caused equal
or more than 10% mortality was 20ppm for T. vulgaris , 40ppm
for J. phoenicea, 50ppm for A. herba-alba and R. officinalis and
70ppm for E. globules (Table1). The 24h LC_ and LC,, estimate,
upper and lower values obtained from the larvicidal activity
test of EOs extracted from the five plants in addition to the
regression equations and regression coefficients are presented
in Table 2. T. vulgaris was the most efficient with 25.64 (16.58-
32.03) LC, and 50.53 (40.15-82.43) LC,, while A. herba-alba was
the least efficient. Likewise, the influence degree of increasing
one unit of EOs concentration on their larvicidal activity was
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different. Among the tested EOs, the augmentation of one unit  all probit analysis, the minimal residuals obtained between the
of R. officinalis concentration showed the highest influence in  observed and expected values was shown by E. globulus EO
increasing the LC, and LC, (b=7.16). The R* was close to 1 in (R*=0.99) (Table 2; Figures 1-5).

Table 1: The mortality observed to the Culiseta longiareolata larvae, caused by the application of the tested essential oils at
different concentrations, with the arithmetic mean (AM) and standard error (SE).

Dead in a total of 300 larvae (AM+SE)

IC Aliquot FC Thymus Juniperus Artemisia Rosmarinus Eucalyptus
(%) (ml) (ppm) vulgaris phoenicea herba-alba officinalis globules
0,2 20 93 (7.75+1.53) = = = =
0,4 40 253 (21.08+1.97) 94 (7.83+1.23) = = =
0,5 50 257 (21.42+1.59) 103 (8.58+1.23) 24 (2+0.75) 75 (6.25+1.54) =
0,6 60 286 (23.831£0.42) 156 (13£1.58) 57 (4.75£1.52) 106 (8.83+1.56) -
1 0,7 70 = = = = 68 (5.67+1.1)
0,8 80 300 (7.75£1.53) 176 (14.67£1.91) 89 (8.17£1.36) 236 (19.67+0.85) 107 (8.92+1.02)
0,9 90 = = = = 134 (11.17£1.6)
1 100 300 (25%0.0) 255 (21.25+1.55) 216 (18+2.03) 274 (22.83+1.21) 159 (13.25£1.69)
10 0,2 200 300 (25+0.0) 300 (25+0.0) 300 (25+0.0) 300 (25+0.0) 300 (25+0.0)

IC(initial concentration), FC (final concentration)

Table 2: The LCsoand LCqo values of essential oils extracted from T. vulgaris, A. herba-alba, J. phoenicea, R. officinalis and E. globules
against the 3 and 4" instar larvae of the Culiseta longiareolata, after 24 hours exposure period; with regression equations and
regression coefficients (R2).

LC50 (ppm) 95% Cl LC90 (ppm) 95% Cl

Essentialoils Estimate Lower Upper Estimate Lower Upper Sig (df) R::‘:::::‘n R2
Thymus 2564 1658 3203 5053 40,15 8243  p>005(2)  y=6.15+436" 097
vulgaris

Juniperus 5083 4536 7581 13768 9721 <250  p>0.05(3)  y=649+366x 09
phoenicea

Artemisi

rtemisia 8667 6659 <250 13955 9803 <250  p>005(2) y=11.77+608*x 093
herba-alba

rosman

osmarinus 6418 5541 7256 9655 8273 13984 p>005(2) y=1293+7.16"  0.98
officinalis

S;’:ZZ‘:;”S 9583 9227 10109 16825 14659  201.87 p>005(2) y=1045+528"  0.99

Sig (significance level), df (degrees of freedom)
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Figure 1. Probit transformed responses with equation regression
and coefficient of determination R? for Thymus vulgaris essential
oil tested on 3 and 4™ instars larvae of Culiseta longiareolata
for 24 h.
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Figure 3. Probit transformed responses with equation regression
and coefficient of determination R?, for Artemisia herba-alba
essential oil tested on 3 and 4" instars larvae of Culiseta
longiareolata for 24 h.
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Figure 2. Probit transformed responses with equation regression
and coefficient of determination R? for Juniperus Phoenicia
tested on 3 and 4™ instars larvae of Culiseta longiareolata for
24 h.

Figure 4. Probit transformed responses with equation regression
and coefficient of determination R? for Rosmarinus officinalis
essential oil tested on 3 and 4% instars larvae of Culiseta
longiareolata for 24 h.
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Figure 5. Probit transformed responses with equation regression
and coefficient of determination R? for and Eucalyptus globulus
essential oil tested on 3 and 4% instars larvae of Culiseta
longiareolata for 24 h.

DISCUSSION

The current study has confirmed that the EOs extracted from the
aromatic medicinal plants T. vulgaris, A. herba-alba, J. phoenicea,
R. officinalis and E. globulus present an efficient larvicidal activity
against the Culiseta longiareolata larvae; however, the mortality
responses obtained were varying.

T. vulgaris is a flowering herb that has a worldwide distribution
(17). From the total of the tested oils, the T. vulgaris EO was the
most efficient. This EO was previously assessed by Knio et al. (18)
against the Ochlerotatus caspius (Pallas 1771) larvae; however,

its toxicity against Oc caspius (LC,=33.65ppm; LC, =50.85ppm)
was less than that shown by our T. vulgaris EO. Likewise, the
larvicidal activity of the EOs extracted from the Juniperus
species was tested in previous studies: J. Phoenicea against Aede
salbopictus (Skuse 1894) (LC, = 55.5ppm; LC90= 77ppm), and J.
virginiana L. against Ae aegypti (Linnaeus 1762) and Cx pipiens
(19, 20). Comparing our results, our J. phoenicea EO showed
lower larvicidal activity against Cs longiareolata. Moreover,
the larvicidal activity of R. officinalis EO was assessed against
Ae albopictus (LC,,<250ppm), Cx tritaeniorhynchus (Giles 1901)
(LC,,= 115.38ppm; LC90= 211.53ppm) and Anopheles subpictus
Grassi (LC,;= 64.5ppm; LC90= 113.74ppm) (21, 22). The R.
officinalis EOs tested against Ae albopictus, Cx tritaeniorhynchus
and An subpictus in the previous researches showed lower
values than the toxicity results that we obtained by testing the
same EO against Cs longiareolata.

The other EOs E. globules and A. herba-alba were less efficient;
however, their lethal concentrations were notable. E. grandis L.
EO and its major components were assessed for their larvicidal
activity against Aedes aegypti by Lucia et al. (23). The EO showed
32.4ppm LC, and the principal components a-pinene (52.71%)
and 1,8-cineole (18.38%) showed 15.4ppm and 57.2ppm LC
respectively. The principal leaf oil components of E. globules
harvested from Algeria are a-pinene and 1,8-cineole, according
to Samir et al. (24). However, our E. globules EO tested against Cs
longiareolata was less efficient (LC, = 95.83ppm). Furthermore,
EOs extracted from Artemisia genus were assessed for their
larvicidal activity against various mosquito species. Our A. herba-
alba EO tested against Cs longiareolata larvae was more efficient
(LC,,= 86.67ppm) than A. vulgaris L. that was tested by Ilahi and
Ullah (25) against Cx quinquefasciatus (LC_= 803.2ppm), but
less efficient than A. absinthium L. tested by Govindarajan and
Benelli (26) against An stephensi (Liston 1901), An subpictus, Ae
aegypti, Ae albopictus, Cx quinquefasciatus (Say 1823), and Cx

Table 3: Principal component percentages of T. vulgaris, A. herba-alba, J. Phoenicea, R. officinalis and E. globules harvested from

Algeria, according to previous works.

Principalcomponents T.vulgaris (29) J.phoenicea(30) A. herba-alba(31) R. officinalis (32) E. globules (24)
Carvacrol 11.41 - - - -
Thymol 25.57 = = = =
a-Pinene 12.1 345 Tr 54 8.8
a-Terpinylacetate - 14.7 - - -
p-Cymene 26.36 = = = =
Thymoquinone 10.5 = = = -
3-Phellandrene - 224 - - -
Camphor - - 19.4 14.6 -
1,8-Cineole - - Tr 12.2 713
3 —Caryophyllene - - - 10.9 -
Borneol - - - 10.6 -
y-terpinene - - 23.8 - -
B-thujone - - 15.0 - -
chrysanthenone - - 15.8 - -
trans-pinocarveol - - 16.9 - -
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tritaeniorhynchus (LC, =41.85, 52.02, 46.33, 57.57, 50.57, and
62.16 ppm respectively). Various mosquito species were targeted
in the previous researches to assess the larvicidal activity of EOs.
However, Cs longiareolata was not previously targeted by EOs,
but by the lichen metabolites evaluated by Cetin et al. (27), that
showed high larvicidal activity against Cs longiareolata.

The results obtained confirm the previous studies; the use of
EOs can serve as an eco-friendly method to control mosquito
larvae. However, the noted variability in the efficacy level of
the tested oils may be due to their chemical composition and
the percentages of their principal components as a-Pinene,
Camphor and 1,8-Cineole (Table 3); whereas, the direct use of
the principal components of EOs may produce a higher efficacy
in mosquito control. This hypothesis was proven in the study
conducted by Lucia, Gonzalez-Audino (23), where the principal
components of Turpentineand E. grandis EO showed lower
LC,, than that obtained by the use of the entire E. grandis EQ.
Moreover, the repellency effect of the thyme EO compounds
against Culex pipiens mosquito evaluated by Park et al. (28)
showed higher repellent efficacy of a-Terpinene and Carvacrol
than the commercial formulation diethyltoluamide (DEET), and
an equal efficacy between the Thymol component and the DEET.

CONCLUSION

The EOs extracted from the aromatic medicinal plants and their
principal components may serve as safe products to control
the Culiseta longiareolata larvae in Algeria; nevertheless, their
practical application remains a fundamental step to evaluate
their field efficacy and to note their possible secondary effects
on non-targeted organisms.
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ABSTRACT

Objective: This study assessed the pathogenicity of Flavobacterium columnare isolated from the gill-rot of catfish, Clarias
batrachus in West Bengal, India.

Materials and Methods: The diseased catfish were examined as per standard laboratory practices. F. columnare SGM4 was
identified based on the morphological, phenotypic and genotypic characterization. Abrasion-immersion and agar-disc
diffusion methods were followed to assess the pathogenicity and antibiotic sensitivity of F. columnare, respectively.

Results: The diseased catfish had white gills, tail rot, body discolouration, saddle-back, peeled skin, emaciation, and inflamed
kidney. The yellow-pigmented rhizoid colonies from the gills of catfish were identified as F. columnare. Phylogenetically,
F. columnare SGM4 branched with F. columnare strains. In abrasion-immersion challenge experiments, F. columnare SGM4
induced considerable mortalities (45%) in C. batrachus at 7.2x10° cells/mL at 24-30 °C. In challenged catfish, it caused
cutaneous lesions, tail rot, white patches on the gills and degeneration of internal organs. F. columnare strains were highly
sensitive to broad-spectrum antibiotics except for sulphafurazole.

Conclusion: Adoption of good nursery practices and appropriate health management measures would help to minimize the

development and spread of columnaris disease.

Keywords: Clarias batrachus, Gill-rot, Flavobacterium columnare, Pathogenicity, Antibiotic susceptibility

INTRODUCTION

Columnaris disease is the most common disease of
cultured catfish globally. It is caused by a Gram-negative
bacillus Flavobacterium columnare, an acute to chronic
bacterial infection, that affects virtually all species of
warm water fish (1,2). F. columnare is ubiquitous in the
freshwater environment and can cause tragic mortalities
in both wild as well as cultured species. The catfish are
especially vulnerable to F. columnare infections (3).
Mortalities in farmed catfish from columnaris can be as
high as 50-60% (2). It is one of the important bacterial
pathogens of freshwater fish and can be of economic

importance in catfish farming, particularly in the intensive
channel catfish Ictalurus punctatus farming. In the United
States catfish industry, it caused an estimated annual loss
of US$ 30 million (2,4). The gills, skin and fins of fish are
normally affected by F. columnare with varying degrees
of clinical manifestation and virulence (2,4,5). The disease
is often initiated as an external infection on the body
surface, fins or gills, and subsequently developed into
yellow-orange lesions along the dorsal midline leading
to a condition called saddleback (2).

F.columnareis usually of low pathogenicity and infects fish
under stressful conditions. Several authors demonstrated
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divergencein the virulence of F. columnare (2,6-8). The columnaris
disease outbreaks are heavily dependent on the environmental
factors such as the temperature, pH and hardness of water (3).
In aquaculture, the risk for the columnaris is associated with
environmental stress. The risk increases with temperature
fluctuation, higher feeding rates, more organic loads as well
as the increasing stocking densities (2,8). Some strains of this
bacterium are highly pathogenic and may cause disease in the
absence of documented stress (2). Columnaris disease has been
confirmed by molecular characterization of F. columnare in carps
such as Catla catla (9), Labeo rohita and Ctenopharyngodon idella
(10), goldfish Carassius auratus (11) and climbing perch Anabas
testudineus (10) cultured in Indian conditions. The present study
aimed at the characterization of F. columnare associated with the
gill-rot of diseased Clarias batrachus by phenotypic and molecular
means, and the pathogenic potential in C. batrachus fingerlings.

MATERIALS AND METHODS

Isolation and Phenotypic Characterization of Bacteria

In February 2015, extensive mortalities in catfish, C. batrachus
(Linnaeus, 1758) of 13-14 cm in length and 40-50 g weight were
reported from a nursery in Ramchandrapur (Lat. 22°52’N; Long.
88°28'E), North 24 Parganas district, West Bengal, India. About
1000 catfish juveniles were stocked in cemented tanks (10 m x
10 m x 0.5 m, water depth). The nursery experienced chronic
mortalities with 10-20 catfish dying daily. The water temperature
fluctuated from 16 to 23°C during the mortality period. The
morbidity and cumulative mortality were about 65 and 43%,

respectively. Water exchange and benzalkonium chloride (50%)
application (0.5 ppm) were attempted thrice. The examination
of diseased catfish for gross and clinical signs was done at the
site as per Heil (1). The morbid catfish with clinical manifestation
of columnaris disease (n=15) were transported to the laboratory
in oxygen-filled polythene bags and within 3 hours of collection.
Following rinsing in sterile saline and wiping with sterile paper
towels, inocula from the catfish gill-rot (n=5) were aseptically
streaked onto selective cytophaga agar [SCA] (12) and incubated
at 30 °Cfor 48 h. Yellow-pigmented rhizoid colonies of 2 mm size
were predominant in all the plates. From all diseased fish, one
each of representative yellow-pigmented colony was arbitrarily
picked (n=5), purified and characterized on the basis of cell
morphology, phenotypic (13,14) and genotypic (14) characters.
The genotypic characterization was done for only one rhizoid
strain SGM4 (Figure 1).

Molecular and Phylogenetic Characterization

The 16S rRNA of the rhizoid strain SGM4 was amplified as per
the conditions and protocols described in our earlier study (14)
using the universal prokaryotic forward (8F) and reverse (1492R)
primers (15). The phylogenetic tree was constructed using 30 16S
rRNA gene sequences that included the consensus sequence of
the present study (strain SGM4), one type strain and seven non-
type strains of F. columnare, 14 type strains of Flavobacterium spp.,
one each of Chryseobacterium indologenes and Tenacibaculum
maritimum. As out-group, the type strains Flectobacillus roseus
(n=1), Sphingobacterium thalpophilum (n=1) and Pseudomonas
spp. (n=3) were included. The 16S rRNA gene sequences for

Figure 1. Yellow-pigmented rhizoid colonies of Flavobacterium columnare SGM4 on cytophaga agar
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phylogenetic analysis were collected from the NCBI GenBank
and EzBioCloud database (Figure 2). ClustalW 1.6 was followed for
the data analysis and multiple alignments. Evolutionary analyses
were as per MEGAG (16).

Pathogenicity of Flavobacterium columnare SGM4

F. columnare SGM4 cell suspension was prepared and the cell counts
determined as described in Sarker et al. (14). Healthy hatchery-
raised C. batrachus fingerlings (n=125) of weight 3.83+0.28 g
were procured from a reputed hatchery and transported to the
laboratory in oxygen-filled polythene bags. The fingerlings were
disinfected in 5 ppm potassium permanganate solution for 5 min
and transferred to 500-L capacity fibreglass reinforced plastic

H_‘g

(FRP) tanks containing 300-L borewell water. The fingerlings were
acclimatized for 20 days under optimal conditions and fed twice
daily with pellet feed at 4% of body weight. On alternate days,
the faecal matter and other wastes were removed by siphoning
and 40-50% water exchanged.

Pathogenicity of F. columnare SGM4 was tested in C. batrachus
fingerlings by the abrasion-immersion method as described in
Sarker et al. (14). In brief, healthy fingerlings were stocked at
10 fish/tank (58 x 45 x 45 cm) and acclimatized in the aerated
tank for 3 days at 24-30 °C. The catfish were divided into five
groups, viz,, A, B, C, D and E in duplicate. Prior to the challenge,
the scales of catfish from each tank of groups A, B and D were
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HEG612100/Flavobacterium tructae/435-08(T)
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Figure 2. Phylogenetic tree based on the 16S rRNA sequence analysis by Neighbor-Joining method. Numbers at nodes indicate
bootstrap confidence values (1000 replicates). The GenBank accession number is provided for each species.
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scrapped off gently on one side with a scalpel 1.0 cm from caudal
peduncle towards the pectoral fin (abraded). The abraded catfish
of groups A and B were then immersed in F. columnare SGM4
suspensions containing 7.2x10° cells/mL, 7.2x10° cells/mL for 30
min, respectively. The group C was non-abraded and immersed
in F. columnare SGM4 suspensions containing 7.2x10° cells/mL
for 30 min. The group D abraded fish was served as a positive
control afterimmersion in 0.85% saline for 30 min. The fish of all
groups were then transferred to the respective tanks. No abrasion
or challenge was done to the catfish of group E, which served as
a negative control. The challenged and control fish groups were
observed for the behavioural abnormalities, external signs of
infection and mortality for 28 days. Re-isolation of the challenged
bacterium from freshly dead catfish was on SCA followed by
phenotypic confirmation.

Antibiotic Sensitivity of Flavobacterium columnare
F.columnare strains (n=5) were screened for their sensitivity to ten
broad-spectrum antibiotics, viz, amoxyclav (30 pug), chloramphenicol
(30 pg), ciprofloxacin (5 pg), co-trimoxazole (25 pg), erythromycin
(15 pg), gatifloxacin (5 pg), gentamicin (10 pg), nitrofurantoin
(300 pg), oxytetracycline (30 pg) and sulphafurazole (300 pg) by
Kirby Bauer agar-disc diffusion technique (17) on cytophaga agar
at 30 °C. The antibiotic impregnated discs were procured from
HiMedia, India. Interpretation of sensitivity was based on the zone
size interpretation chart for Gram-negative bacteria (18).

RESULTS

Isolation and Phenotypic Characterization of Bacteria
Inocula from the catfish gill-rot on SCA yielded yellow-pigmented
rhizoidal growth within 48 h. The rhizoid colonies were Gram-
negative long rods. Five rhizoid strains were characterized
phenotypically by conventional biochemical tests, which identified
them as F. columnare (Table 1). The strains were, however, identified
as Aeromonas salmonicida by the Vitek 2 compact system with a
93% probability. Minor variation in L-Proline arylamidase activity
was noted in one of the strains.

Molecular and Phylogenetic Characterization

The amplified 16S rRNA gene (=1500 bp) of the strain SGM4 was
edited to a sequence length of 1432 bp. Phylogenetic analysis
confirmed the strain as a member of the family Flavobacteriaceae.
Phylogenetically, the members of the genus Flavobacterium
clustered together as a separate clade, distinctly different from
other bacteria. The strain SGM4 branched with the type strain
F. columnare IFO 15943(T) [NCBI accession number AB078047]
and the non-type strains of . columnare with high node value.
The 16S rRNA gene sequence of F. columnare SGM4 (accession
number KU851952) was deposited in NCBI GenBank.

Pathogenicity of Flavobacterium columnare SGM4

The abraded and immersion challenged C. batrachus fingerlings
were sluggish, erratic, hanging and anorectic. In challenged catfish,
white patches on the gills, excessive mucus secretion, saddleback,
caudal peduncle lesions, tail rot, cutaneous haemorrhages,
ulceration in the abraded area, skin discolouration, skin peeling,
pale and discoloured kidney and liver, and haemorrhages in

the internal organs were observed. About 45+5% and 10+0%
mortalities were noted in abraded groups when challenged at
7.2x10° cells/mL and 7.2x10° cells/mL levels, respectively. The
internal organs of challenged catfish were haemorrhagic in the
later stage (Table 2).

Antibiotic Sensitivity of Flavobacterium columnare

All F. columnare strains were highly sensitive to amoxyclav,
chloramphenicol, ciprofloxacin, gatifloxacin, gentamicin and
oxytetracycline. Few strains were resistant to co-trimoxazole
(n=2), erythromycin (n=2), nitrofurantoin (n=1) and sulphafurazole
(n=4) (Table 3).

DISCUSSION

The emaciated and diseased catfish had white hues on the gills,
gill-rot, tail rot, discoloured skin, saddleback, peeled skin and
swollen kidney. Gross and clinical signs observed in diseased
catfish signified columnaris disease (2,5,13). The isolation of F.
columnare from the gill-rot of diseased C. batrachus indicated the
opportunistic potential of this bacterium inimmunosuppressed
catfish during the winter season. The rhizoid type colonies were
reportedly virulent to fish (7,19). The low levels of mortalities with
10-20 fish dying daily suggested chronic columnaris disease in
catfish at temperatures in the range of 16-23 °C. Vitek 2 compact
system identified the tested strains as A. salmonicida as the
software contained only the database on clinical isolates. Alike
our earlier study (14), this identity also contradicted with the
conventional and molecular diagnosis. The Vitek-2 records were,
therefore, used for characterizing the strains phenotypically. The
phenotypic characteristics of all the F. columnare strains, as shown
in Table 1, were almost the same. The Vitek-2 results indicated
only minor phenotypic variations among the F. columnare
strains of diseased catfish. The phylogeny of the strain SGM4
confirmed the bacterium as F. columnare, a member of the family
Flavobacteriaceae. It branched with the type strain F. columnare
IFO 15943(T) [NCBI accession number AB078047] along with
other F. columnare strains with high node value.

Though various challenge routes to induce columnaris disease are
available, we chose to follow abrasion and immersion challenge as
it gave consistently better results in our earlier study (14). About
45+5% and 10+0% mortalities were noted in abraded groups
when challenged at 7.2x10° cells/mL and 7.2x10° cells/mL levels,
respectively. No mortalities were noted in non-abraded and
immersion challenged catfish and other groups at 24-30 °C. While
in the naturally infected population about 65% morbidity and 43%
cumulative mortalities were recorded at 16-23°Cin tropical Indian
condition. Likewise, in temperate condition, Durborow et al. (20)
found that columnaris disease commonly occurs in channel catfish
when water temperatures are in the range of 25-32 °C. Columnaris
epidemics reportedly occur in water temperatures below 25 °C;
even as low as 15 °C, but mortalities and acuteness of disease
are significantly less than in higher temperatures (2,3,8). Further,
the experiments of Holt et al. (21) revealed that temperatures in
excess of 12.2 °C are required for F. columnare induced mortalities
in trout and salmon.
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Table 1. Phenotypic characteristics of Flavobacterium columnare strains (n=>5) as assessed by conventional biochemical tests and
VITEK 2 compact system (bioMérieux, France)

Biochemical characteristics Reaction Biochemical characteristics Reaction
Conventional biochemical tests Vitek 2-Compact system

Colony colour Yellow D-Mannose (dMNE) -
Rhizoid colony + D-Sorbitol (dSOR) -
Gram reaction - D-Tagatose (dTAG) -
Cell morphology, Long rod + D-Trehalose (dTRE) -
Gliding motility + Ellman (ELLM) -
Oxidase = Fermentation/ glucose (OFF) =
Oxidative/Fermentative reaction -/- Gamma-glutamyl transferase (GGT) -
Casein hydrolysis + Glu-Gly-Arg-arylamidase (GGAA) -
Chondroitin sulphate degradation - Glutamyl arylamidase pNA (AGLTp) -
Congo red reaction + Glycine arylamidase (GlyA) -
Fibrinogen hydrolysis - H2S production (H2S) -
Flexirubin pigment presence - L Pyrrolydonyl-arylamidase (PyrA) -
Gelatin hydrolysis - L-Arabitol (IARL) -
Growth in selective cytophaga agar# + L-Histidine assimilation (IHISa) -
Vitek 2 Compact system Lipase (LIP) -
5-Keto D-gluconate (5KG) - L-Lactate alkalinisation (ILATk) -
Adonitol (ADO) = L-Lactate assimilation (ILATa) =
Ala-Phe-Pro-arylamidase (APPA) - L-Malate assimilation (IMLTa) -
Alpha-galactosidase (AGAL) - L-Proline arylamidase (ProA) (-)*
Alpha-glucosidase (AGLU) - Lysine decarboxylase (LDC) -
Beta-alanine arylamidase pNA (BAlap) - Malonate (MNT) -
Beta-galactosidase (BGAL) = 0/129 Resistance (O129R) =
Beta-glucuronidase (BGUR) - Ornithine decarboxylase (ODC) -
Beta-glucosidase (BGLU) - Palatinose (PLE) -
Beta-xylosidase (BXYL) - Phosphatase (PHOS) -
Citrate (sodium) (CIT) - Saccharose/Sucrose (SAC) =
Coumarate (CMT) + Succinate alkalinisation (SUCT) =

D-Cellobiose (dCEL)

Tyrosine arylamidase (TyrA)

D-Glucose (dGLU)

Urease (URE)

D-Maltose (dMAL)

[3-N-acetyl-galactosaminidase (NAGA)

D-Mannitol (dMAN)

3-N-Acetyl-glucosaminidase (BNAG)

VITEK 2 compact system identified the strains as Aeromonas salmonicida. *: One strain exhibited a weak reaction.
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Table 2. Pathogenicity of Flavobacterium columnare SGM4 by abrasion and immersion challenge

Treatment group and the challenge dose

Mortality (%)

Group A: Abraded and immersion challenged at 7.2x10° cells/mL 45.00+5.00
Group B: Abraded and immersion challenged at 7.2x10° cells/mL 10.00+0.00
Group C: Non-abraded and immersion challenged at 7.2x10° cells/mL 0.00+0.00
Group D: Abraded and immersion in 0.85% saline 0.00£0.00
Group E: Neither abraded nor challenged 0.00+0.00

Table 3. Antibiotic-resistance in Flavobacterium columnare strains (n=5) isolated from columnaris diseased catfish Clarias

batrachus

Interpretation of zone size (in mm)

Antibiotic (ng/disc) I;‘:;:r:r:: I::r::::le‘z
Resistant (<) Sensitive (=)
Amoxyclav (30) 13 18 0 5
Chloramphenicol (30) 12 18 0 5
Ciprofloxacin (5) 15 21 0 5
Co-trimoxazole (25) 10 16 1 4
Erythromycin (15) 13 23 1 4
Gatifloxacin (5) 14 18 0 5
Gentamicin (10) 12 15 0 5
Nitrofurantoin (300) 14 17 1 4
Oxytetracycline (30) 11 15 0 5
Sulphafurazole (300) 12 17 4 1

With the increase in water temperature, the mortalities reduced
and fish became almost normal. These findings indicated
that temperature can have a strong effect on the virulence of
F. columnare in the culture environment and presumably on
disease progression. In other fish pathogens also the growth of
bacteria at higher-than-optimal temperature resulted in decreased
virulence (8). Abrasion and low temperature exacerbated the rate
of infection, which endorse the findings of Moyer and Hunnicutt
(22) in zebrafish Danio rerio. In abrasion-bath treatment with F.
columnare, they recorded LD, values in the range of 1.1x10°
1.1x107 cfu/mL. In another study, Nayak et al. (23) recorded the
LD, values of F. columnare in Cirrhinus mrigala fry in the range of
3.0x10°-9.0x10° cfu/mL by immersion assay. In contrast, Swain et
al. (24) recorded no mortalities in non-abraded L. rohita fingerlings
ata challenge dose of 105-108 cfu/mL in immersion challenge study
with F. branchiophilum.The experimental challenge results of this
study displayed that the gill associated F. columnare SGM4 can
induce mortalities in catfish in conjunction with skin damages.
In later stages, the development of haemorrhages in the internal
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organs of challenged catfish indicated a septicemic condition,
which supported the study of Decostere et al. (6).

All F. columnare strains were highly sensitive to most of the
tested antibiotics. Likewise, Sarker et al. (25) recorded highly
sensitive Flavobacterium spp. in carps of sewage-fed farms in
West Bengal, India. They also recorded Flavobacterium spp.
resistant to erythromycin, co-trimoxazole, oxytetracycline and
nitrofurantoin with multidrug resistance index ranging from 0.000
t0 0.667. Contrarily, 97 and 100% of the F. columnare strains were
regarded as susceptible to sulfadimethoxine and ormetoprim
(5:1) and oxytetracycline, respectively (12). Many earlier studies
also reported no exceptional resistance to antimicrobial drugs
among the environmental Flavobacterium strains (23,26,27).

CONCLUSION

In tropical Indian condition, water temperature and challenge
mode induced variations in mortalities due to F. columnare
infection were noted. Though the F. columnare strains were
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highly sensitive to antibiotics, with the emergence of antibacterial
resistance, the effective preventive measures are warranted.
Management measures such as maintenance of optimal stocking
densities and water quality parameters, physical removal of biofilm
on tank surfaces, adoption of good nursery hygiene, sanitation,
and other health management measures would help to minimize
the development and spread of columnaris disease.
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ABSTRACT

Objective: Sepsis leads to conditions such as inflammatory and anti-inflammatory process, circulatory abnormalities, cellular
and humoral reactions. Endotoxin-induced oxidative stress causes injury in the liver. The aim of this study was to evaluate the
effects of a radical scavenger Tempol in lipopolysaccharide (LPS)-induced liver injury in rats.

Materials and Methods: Male Wistar rats were divided into four groups: Control, LPS (15 mg/kg), LPS + Tempol group (100
mg/kg Tempol, three hours after LPS administration) and Tempol (100 mg/kg). Blood glucose and body temperature were
measured during the experiment. Superoxide dismutase (SOD), aspartate aminotransferase (AST), alanine aminotransferase
(ALT) and C-reactive protein (CRP) levels were measured in plasma or liver tissue. Furthermore, histopathological changes and
myeloperoxidase-stained leukocytes infiltration were assessed in liver tissue.

Results: LPS caused tissue damage and leukocytes infiltration, increased AST, ALT and CRP levels, and decreased body
temperature, blood glucose and SOD levels. Tempol reduced AST and ALT levels and increased SOD levels. Tempol did not
prevent tissue damage, leukocytes infiltration and increment of CRP levels. There were no changes in body temperature and
blood glucose levels.

Conclusion: The present study suggests that tempol may have antioxidant properties in LPS-induced liver injury. These
results may contribute to a better understanding of the role of tempol and basic mechanisms of underlying oxidative stress-
related liver injury for further investigations.

Keywords: Lipopolysaccharide, Liver, Tempol

INTRODUCTION and not yet fully understood. Liver dysfunction occurs
depending on hepatic blood flow perfusion deterioration
and hypoxia in relation to systemic and microvascular
circulation failures (6, 9, 10), direct damage of endotoxins
such as lipopolysaccharide (LPS) (6), inflammation and

cytokines (9-14).

Sepsis is characterized by hypotension, vascular
hyporeactivity to vasoconstrictor agents, distribution of
organ blood flow and myocardial dysfunction (1, 2). Sepsis
is caused by gram negative and gram positive bacteria (2,
3).Itis known to cause the release of cytokines, activation

of pro- and anti-inflammatory pathways, coagulation and
endothelial activation, and then lead to multiple organ
failure (1-4). The liver has an important role in the initiation
and progression of multiple organ failure in sepsis and
shock (5-8). Pathophysiology of liver injury is complex,

The liver which contains hepatocytes, Kupffer cells and
sinusoidal endothelial cells regulates both metabolic and
immunological signal pathways, and has a critical role in
the inflammatory responses in infection (6, 15). Kupffer
cells are the primary defenders of the liver, and prevent
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the entry of bacteria and endotoxins into the portal vein from
systemic circulation (9, 10, 15-17). Kupffer cells are activated by
LPS which causes the production of cytokines, nitric oxide and
reactive oxygen species (ROS) (10, 13, 18). Kupffer cells stimulate
neighbouring cells including endothelial cells, polymorphonuclear
leukocytes, thrombocytes, lymphocytes, Ito cells and hepatic
parenchymal cells to secrete various pro-inflammatory cytokines
and chemical agents which induce endothelial cell and hepatocyte
damage (2, 6, 10, 13, 18). In addition to hepatocytes damage,
leukocytes, thrombocytes, Kupffer and other inflammatory cells
because activated endothelial cells causes damage in sinusoids
and leads to fibrin microtrombin formation (14). The increase
and aggregation of these inflammatory cells into sinusoids cause
occlusion and lead to the decrease of blood flow in sinusoids
(14, 19). This gives rise to structural changes in the sinusoidal
endothelial cells, hepatocytes and bile canaliculi membranes,
and expansion of the Disse areas.

The increased level of endotoxin in circulation has a key role in
the release of cytokines and systemic inflammatory response. The
formation of free radicals and ROS can also be a trigger in the
case of the inflammatory response resulting from the endotoxin
such as LPS (3). These free radicals are neutralized by complex
antioxidant systems in the normal physiological station (3, 20).
Antioxidant enzymes are superoxide dismutase (SOD), glutathione
peroxidase catalase, hydroperoxidase and cytochrome C oxidase.
SOD catalyzes superoxide free radical to water and oxygen, and
mainly detoxifies ROS in cells (3, 20, 21).

Tempol (4-hydroxy-2,2,6,6-tetramethylpiperidine-1-oxy) is a
scavenger eliminating the formations and effects of many free
radicals such as superoxide anions, peroxynitrite and hydroxyl
radicals. Tempol is a low molecular weight, stable nitroxide
and cell membrane-permeable SOD mimetic compound (22).
Moreover, tempol is widely studied in the experimental animal
models (23-27). Many previous studies have shown the beneficial
effects of tempol in endotoxemia and sepsis (27-31). It has
been suggested that tempol protected renal blood flow and
glomerular filtration rate (28, 29), inhibited damages in kidney
and liver, maintained blood flow and metabolism (30, 31) and
improved mesenteric blood flow (32) in experimental shock
models.

The aim of this study was to evaluate the effects of tempol on
oxidative stress, tissue damage and inflammation in LPS-induced
liver injury.

MATERIALS and METHODS

Animals

The present study was approved by Istanbul University Local
Committee on animal Research Ethics. Care and handling of
animals were in accordance with the Institute for Laboratory
Animal Research Guide for Care and Use of Laboratory Animals.
Experiments were performed on 24 Wistar albino male rats
(Bezmialem Vakif University, Istanbul, Turkey) with body weight
of 300-350g.

Experimental Protocol
The animals were divided into 4 groups (n=6).

Control group: Isotonic saline solution was administered
intraperitoneally (ip).

LPS group: 15 mg/kg LPS (E. coli, serotype 026: B6, Sigma, Missouri,
USA) was administered ip.

LPS + Tempol group: 100 mg/kg Tempol (4-hidroksi-TEMPO),
Sigma, Missouri, USA) was injected ip 3 hours after LPS injection.

Tempol group: 100 mg/kg Tempol was administrated ip 3 hours
after isotonic saline solution injection.

The animals were anesthetized with intraperitoneal injection of
sodium pentothal (90 mg/kg, I.E ULAGAY, Istanbul, Turkey). Blood
samples were collected by cardiac puncture. Liver samples were
taken for histological, immunohistochemical and biochemical
analyses.

Body Temperature and Blood Glucose Measurement

Blood samples were taken from the tail vein to measure
blood glucose level at three time points 1) the beginning of
experiment (baseline, T0); 2) third hour of experiment (the
middle of experiment, T1); 3) sixth hour of experiment (the end
of experiment, T2). In addition, the body temperature of animals in
each group was measured by rectal Probe for rats (ADInstruments,
Sidney, AUS) at TO, T1 and T2 time points.

Biochemical Analyses

Blood samples were centrifuged to collect plasma at 4000xg
for 10 minutes, at 4°C. The plasma samples were stored at -20°C
until biochemical analyses. Liver samples were weighed (wet
weight) and homogenized in Sorensen’s phosphate buffer
(pH 7.4) with homogenizer (Sartorius, Goettingen, Germany).
Homogenates were diluted 1/10 (w/v) and then centrifuged
at 4000 rpm for 7 minutes at 4°C. Supernatants were stored at
-20°C until analysis.

SOD, aspartate aminotransferase (AST), alanine aminotransferase
(ALT) and C-reactive protein (CRP) levels were measured in plasma
and/or liver tissue using ELISA kits for rats (Uscn Life Science Inc.,
Qingdao, Shandong, China) according to the manufacturer’s
protocol.

Histological Analysis

Liver samples were fixed in 10% neutral formalin and embedded in
paraffin. Liver sections (4um) were taken with a Rotary microtome
and stained with hematoxylin-eosin (HE). Histopathological
changes in liver tissue were examined under a light microscope.
Photographs of the sections were taken with Image Pro-Plus
(Kameram 390CU, Istanbul, Turkey).

Immunohistochemical Analysis

Liver samples were fixed in 10% neutral formalin, embedded
in paraffin and prepared as described previously (33).
Myeloperoxidase (MPO)-staining was performed on the liver
sections with anti-MPO antibodies (RB-373-A, Thermo Scientific,
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Fremont, CA, USA) (34). The distribution of MPO reaction was
evaluated in the liver sections. MPO-stained leukocytes were
counted in 10 randomly selected areas of liver section taken from
each animal of the experimental groups under a light microscope
at X40 magnification. Photographs were taken with Image Pro-
Plus (Kameram 390CU, Istanbul, Turkey).

Statistical Analysis

Significant differences within groups were estimated using one-
way ANOVA with Tukey’s multiple comparison test, and differences
between groups were estimated using two-way ANOVA with
Bonferonni posttest. p<0.05 was considered significant. Statistical
analyses were performed with GraphPad Prism version 5.0 for
Windows (GraphPad Software, San Diego, CA, USA).

RESULTS

Blood Glucose Results

Blood glucose levels are presented on Table 1. Blood glucose levels
in LPS injected animals were decreased at the end of experiment
(T2) compared with the control group (p<0.001). Treatment of
tempol did not change the glucose level compared with the LPS
group. Blood glucose level in LPS + Tempol group was still lower
than the control group (p<0.001).

Blood glucose levels decreased during the experiment (T1 and
T2) compared with the beginning of experiment (T0) in LPS
(p<0.05, p<0.001) and LPS + Tempol groups (p<0.05, p<0.001).
Blood glucose levels remained stable during the experiment
in the control and tempol groups and also were similar at all
three time points.

Body Temperature Results

The body temperature values are presented on Table 2. Body
temperatures in LPS injected animals decreased at T2 compared
with the control group (p<0.01). Treatment of tempol did not
prevent the reduction of body temperature and it was still lower
than the control group (p<0.001).

The body temperature decreased during experiment (T1 and
T2) compared with the beginning of experiment (T0) in LPS
(p<0.01, p<0.01) and LPS + Tempol groups (p<0.05, p<0.001).
Body temperatures in the control and tempol groups were similar
at three time points.

Biochemical Results

LPS administration increased both AST (p<0.001) and ALT levels
(p<0.001) in the plasma and tissue. Tempol reduced AST (p<0.001;
p<0.05) and ALT (p<0.001; p<0.05) levels in plasma and tissue of
LPS injected rats. In the tempol group, while AST in plasma was
similar to the control group, AST in the tissue was lower than the
control group (p<0.001). In this group, ALT in tissue was similar to
the control group, however, ALT in the plasma was higher than
in the control group (p<0.001) (Figures 1, 2).

LPS also caused a decrease in the plasma and tissue levels of
SOD compared with the control group (p<0.001; p<0.05). Tempol
administration increased SOD levels in the plasma and tissue of
LPS injected animals (p<0.001). In the tempol group, SOD levels
in the plasma was similar to the control group, with increasing
levels of SOD in liver tissue (p<0.001) (Figure 3).

CRP, which is synthesized in liver in response to a wide variety
of inflammatory stimuli, increased in the liver tissue of LPS

Table 1. Blood glucose levels (mg/dl) in the experimental groups at the three time points: TO (the beginning of experiment), T1
(the middle of experiment) and T2 (the end of experiment). *p<0.05, ***p<0.001 vs. Control group. # p<0.05, ### p<0.001 vs. TO

baseline level.

To T1 T2
Control group 104.50 + 2.69 101.00 £ 4.35 97.50 £ 3.88
LPS group 126.57 + 3.44* 95.13 + 9.26# 66.38 + 9.26***#i#H#
LPS + Tempol group 123.67 +3.86 100.43 £ 5.07# 60.86 + 7.68***#i#
Tempol group 12233 £3.77 109.714 £ 4.89 114.86 £ 3.91

Table 2. The body temperature values in experimental groups at three time points: TO (the beginning of experiment), T1 (the
middle of experiment) and T2 (the end of experiment). **p<0.01, ***p<0.001 vs. Control group. #p<0.05, ##p<0.01, ###p<0.001

vs. TO baseline level.

TO T1 T2
Control group 38.0£0.12 37.57 £0.08 37.83+£0.24
LPS group 38.50+ 0.2 36.94 + 0.144## 36.67 £ 0.48**##
LPS + Tempol group 38.7+0.23 3730+ 0.18# 36.31 £ 0.51***#4##
Tempol group 37.77 £0.19 3747 £0.11 37.7+£0.15
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Figure 1. Aspartate aminotransferase (AST) levels in plasma and tissue of Control, LPS, LPS + Tempol and Tempol groups. “"p<0.001 vs.

Control group. *p<0.05, **p<0.001 vs. LPS group.
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Figure 2. Alanine aminotransferase (ALT) levels in plasma and tissue of Control, LPS, LPS + Tempol and Tempol groups. “p<0.01, “p<0.001

vs. Control group. *p<0.05, **p<0.001 vs. LPS group.
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Figure 3. Superoxide dismutase (SOD) levels in plasma and tissue of Control, LPS, LPS + Tempol and Tempol groups. ‘p<0.05, ““p<0.001

vs. Control group. **p<0.001 vs. LPS group.

administrated animals (p<0.001). Tempol did not prevent the
increase of CRP levels in LPS injected rats. In the Tempol group,
CRP was similar to the control group (Figure 4).

Histological Results

Histopathological changes were shown in HE-stained sections of
LPS injected animals. Dilatation of sinusoids, leukocyte infiltration,
loss of outlines of hepatic plates and damage to the endothelium
of central veins were seen in the LPS group. LPS leads to severe
inflammatory reaction in liver parenchyma. Infiltration of many

inflammatory cells was observed in liver parenchyma especially
in sinusoids and vessel lumens. These inflammatory cells caused
sinusoidal occlusions. In addition to these changes, structural
changes in portal areas were seen in this group. Many of these
results were determined in LPS + Tempol group. Tempol did not
prevent inflammation and sinusoidal dilatation in the liver tissue
of LPS treated animals. The histological structure of liver tissue
in the group which was only given tempol was similar to the
control group (Figure 5).
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Figure 4. C-reactive protein (CRP) levels in tissue of Control,
LPS, LPS + Tempol and Tempol groups. “p<0.01, “"p<0.001 vs.
Control group. **p<0.001 vs. LPS group.
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Figure 6. MPO-stained leukocytes distributions in liver tissue of
Control, LPS, LPS + Tempol and Tempol groups. “p<0.001 vs.

Control group. **p<0.001 vs. LPS group.

LPS Group Control Group

LPS+Tempol Group

Tempol Group

Figure 5. Central vein (cv), sinusoid (s), endothelium (»), hepatocyte (h), Kupffer cell (%), leukocyte (=), portal vein (pv) and bile duct
(bd) on liver tissue of Control, LPS, LPS + Tempol and Tempol groups. a-c) Bar: 20 um, HE.
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Figure 7. MPO-stained leukocytes (—, ) in liver tissue of Control, LPS, LPS + Tempol and Tempol groups. Central vein (cv), sinusoid (s),

endothelium (») and portal vein (pv). a-c) Bar: 20 um.

Immunohistochemical Results

MPO-stained leukocytes in liver tissue increased in the LPS group
(p<0.001) in comparison with the control. However, tempol
administration did not change the distribution of MPO-stained
leukocytes in LPS injected animals. MPO-stained leukocytes
were seen in sinusoids, central veins and portal areas of the liver
parenchyma. Infiltration of neutrophils in sinusoids led to micro
abscesses formation MPO staining in tempol group was similar
to control group (Figures 6, 7).

DISCUSSION

The pathophysiology of liver dysfunction in sepsis is not clearly
understood (5). Liver injury in sepsis occurs not only from
hypoperfusion, but also from the spread of bacteria or endotoxins,
release of inflammatory cytokines and other mediators during
infection (6, 9-14). Liver injury in sepsis or shock has been studied
in many animal models (35). Many studies have reported that
sepsis leads to liver damage, change in glucose metabolism, and
increase in aminotransferase enzymes and CRP levels (6, 31, 36-48)

Cecum ligation and puncture (CLP)-induced sepsis leads to
pathological changes such as necrosis, inflammation, portal
inflammation in the liver of rats (36). In LPS/D-galactosamine-
induced liver injury model, the liver was observed hemorrhagic
necrosis and severe hepatocyte damage (37). LPS administration
resulted in pathological abnormalities including hepatic
edema, inflammatory cell aggregation in sinusoids and central
veins at 6 hours (38). LPS-induced histopathological changes
including necrosis, inflammatory cell infiltration and vacuolar
degeneration were observed in the liver 4 hours after LPS
injection (39). In our study, LPS administration resulted in
histological changes such as hepatocytes and endothelium
damage, dilatation of sinusoids, leukocyte infiltration and
inflammation. The liver damage can directly contribute to
liver dysfunction. It is known that AST and ALT levels in plasma
and tissue are the most important markers in assessing of liver
functions during experimental and clinical liver injury (31, 40).
Many studies have reported that LPS resulted in significant
elevation of ALT and AST levels (31, 38-41). In this study, LPS
administration resulted in significant elevation of ALT and

149



Eur J Biol 2019; 78(2): 144-152
Serin et al. Effects of Tempol in Lipopolysaccharide-Induced Liver Injury

AST in plasma and liver. These results show that LPS induced
liver injury and dysfunction in the experimental sepsis model.

Endotoxin causes enhanced peripheral glucose utilization,
depletion of hepatic glycogen and an increase in gluconeogenesis
(42). Bacterial infections influence glucose metabolism. Endotoxin
results in hyperglycemia, followed by hypoglycemia (43-45). LPS
causes blood glucose levels to decrease to hypoglycemic level
(43, 46). The blood glucose level and liver glycogen decreased
at 3h after LPS injection. The glucose levels increased at 3h after
cecal incision, however, they decreased at 6h after cecal incision
(47). CLP caused a time-dependent increase in rectal temperature
which reached the maximal at 15h after CLP and then declined,
whereas it caused a biphasic change in blood glucose such as
hyperglycemia in the early stage (3h) and hypoglycemia in the
late stage (15-18h) (27). In the present study, it was observed that
LPS resulted in a decrease in the blood glucose levels at 3h and
6h after LPS injection. Also, body temperature decreased at the
same time point in LPS treated animals.

CRPis an acute phase protein synthesized from the liver. Bacterial
infections resultin increases in CRP levels in a few hours. CRP levels
are used in the diagnosis and prognosis of infection and also sepsis
(6, 48). In this study, LPS caused an increase in the CRP level in
the liver. The increase in CRP and leukocytes infiltration indicated
the inflammatory response and oxidative stress in LPS-induced
experimental sepsis model. Furthermore, LPS administration
decreased SOD levels in the liver and plasma.

Our findings including liver damage, leukocytes infiltration, the
elevation of aminotransferases enzymes and CRP, and the decrease
of SOD level indicated LPS-induced liver injury and oxidative
stress in the experimental sepsis models.

The role of oxidative stress in the pathophysiology of many
diseases leads to a focus on drugs that prevent the formation of
ROS and to the development of treatment strategies including
antioxidant enzymes such as SOD, catalase and radical scavengers.
Itis known that tempol prevents the formation of hydroxyl radicals
by sweeping intracellular superoxide radicals and other radicals
(22). Tempol is a cell membrane permeable, a radical scavenger
and a SOD mimetic agent (22, 23). Because of these abilities
and properties, tempol has been studied in animal models
associated with oxidative stress (23-32). The effects of tempol
on hypertension were investigated in the experimental model
(23, 24). Schnackenberg et al., (1998) suggested that short- and
long-term administration of the stable, membrane-permeable
SOD mimetic tempol significantly reduces mean arterial pressure
in spontaneously hypertensive rats (24). It has been shown that
tempol treatment ameliorates oxidative damage in liver tissue
in methotrexate-induced liver injury. Therefore, it has been
suggested that tempol may be useful in protecting the liver from
injury in these experimental models (25). Many previous studies
have shown the beneficial effects of tempol in endotoxemia and
sepsis (27-31). Liaw et al., (2005) reported that tempol (30 mg/
kg injected 90 min after CLP and then continuously infused for
18 h) not only ameliorated the deterioration of hemodynamic

changes, renal and liver injuries but also attenuated neutrophil
infiltration in the lung in the sepsis induced by CLP. In addition,
tempolimproved the survival in CLP-induced septic rats (27). It has
been demonstrated that LPS caused hypotension, hepatocellular
and pancreatic injury and renal dysfunction at the sixth hour of
injection, and pre-treatment of tempol (100 mg/kg infusion, 15
min prior to 30 mg/kg LPS infusion) could not affect the circulatory
failure, but reduced liver injury caused by LPS (31).

In our study, tempol administration reduced the AST and ALT
levelsin the LPS induced sepsis rats, although, these values were
still higher in the tissue. These results indicated that tempol has a
role in LPS-induced liver injury, but could not prevent oxidative
stress and its effects. While tempol could not attenuate histological
damage and leukocytes infiltration, and also did not cause any
change in CRP levels, blood glucose levels and body temperature,
tempol significantly increased SOD levels both in LPS-induced
sepsis and in the control animals. In addition, tempol did not cause
histological damage in liver tissue of the control animals. Therefore,
it could be suggested that tempol may have an antioxidant effect
as SOD mimetic agent. It was thought that tempol would be more
effective to apply before LPS or extended to the administration
time of tempol administrated 3 hours after LPS.

CONCLUSION

Results of the present study indicated that LPS induced liver injury
is associated with oxidative stress and inflammation and that
tempol has an antioxidant role. However, the effects of tempol
were limited in this study. Therefore, further experimental studies
are needed to determine the role of tempol in sepsis and shock
models.
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ABSTRACT

The CRISPR-Cas 9 system, which is known as a natural way of bacteria to defend against phage infection and plasmid transfer,
has been re-purposed as a RNA-guided DNA targeting strategy for genome editing. Together with the advances gained
in DNA sequencing technology, this platform opened a new era in molecular biology since its recognition was specified
by 20-nt single-guide RNA which made technique easier, efficient and simple for application in any organism. Thus, many
studies have discussed and performed the applications of CRISPR-Cas systems on different organisms for genome editing.
Moreover, targeted gene regulations, epigenetic modulation, chromatin imaging and manipulation could also be applied
with this system. Besides all its potential promising aspects, this tool might have some side effects like off-target mutations. In
addition, unexpected results have also been reported after some gene editing applications. Thus, this review provides a brief
history of gene editing tools together with the overview of the latest applications, regulations and ethical/structural aspects

of the CRISPR Cas system.

Keywords: Gene editing, Gene therapy, Meganucleases, TALEN, ZFN, New breeding technologies

INTRODUCTION

Investigations on natural protection ways of bacteria
against phages resulted in tremendeous turning points
in recombinant DNA technology. Starting with the
discovery of restriction enzymes in the late 1970s that
enabled scientists to manipulate DNA in test tubes (1),
it allowed many opportunities of genetic manipulations
in many organisms including bacteria, plants, animals
and even humans. The key developments on the
precise alteration of DNA in living eukaryotic cells,
which is termed as “gene editing” (GE), started with
Rothstein’s report in 1983 on yeast cells. Afterwards,
Smithies and co-workers (1985) followed by Capecchi
(2) demostrated that it was possible to incorporate
an exogenous copy of DNA into the mammalian cells
genome through homologous recombination (HR).
Although these studies resulted in the characterization
of functional roles of many genes in model organisms,
they have the following limitations, such as i) the rate

of spontaneous integration was too low (1 in 10
10° cells, Capecchi, 1989), ii) type and the state of the
cell affected the integration rate, iii) the possibility of
random integration of exogenous copy to undesired
site was similar or even higher than the target site (3).

To overcome these obstacles, scientists started to use
different approaches among which the construction of
a double-strand break (DSB) at a target site provided
the best alternative for the elevation of targeted
gene integration frequency. Thus, natural rare cutting
meganucleases (i.e., I-Scel) and then re-engineered
ones were utilized to achieve targeted DSBs. Even
though these attempts resulted in some improvements,
these enzymes had several disadvantages listed in
Table 1. Afterwards, zing fingers, that are zinc ion-
regulated small proteins that recognize and bind a 3 bp
DNA sequence (4), were fused with the DNA cleavage
domain of the Fok | endonuclease which is isolated from
Flavobacterium okeanokoites to create a programmable
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nucleases (5). Zinc finger nucleases (ZFN) then increased
the capability to edit genomes at the targeted sites enabling
the usage of this technique for therapeutic applications (6).
Likewise, Fok | DNA cleavage domainis also combined with TALE
modules in order to be utilized as an effective programmable
nuclease (TALEN, transcription activator-like effector nucleases)
(7). In contrast to ZFN that recognize a 3 bp, TALE proteins
from Xanthomonas bacteria can recognize one single base. By
using these nucleases, a DSB can be introduced in any site of
the genome with known recognition sites of the DNA-binding
domains. However, it should also be noted that TALEN nuclease
sites require T before the 5-end of the target sequence which
could limit its application.

Although “Nature Methods” announced ZFN and TALEN as the
method of the year for precise GE tools (https://www.nature.
com/articles/nmeth.1852.pdf), their disadvantages indicated in
Table 1 made researchers seek alternative approaches such as
the Clustered Regularly Interspaced Short Palindromic Repeats
(CRISPR)-associated protein 9 (Cas9) system. CRISPR-Cas9
system, which is known as a natural way of bacteria to defend
against phage infection and plasmid transfer, has been re-
purposed as a RNA-guided DNA targeting strategy for genome
editing and opened a new era in molecular biology since its
recognition was specified by 20-nt single-guide RNA (sgRNA) (8).

This recent platform not only mimics the natural trans-activating
CRISPR RNA (tracrRNA) and CRISPR RNA (crRNA) structure, but
also in contrast to ZFN and TALEN, there is no need for tedious
protein engineering of DNA-recognition domains for each target
site which make the design easy, simple to use and efficient (9).

CRISPR-Cas: STRUCTURE AND FUNCTION

CRISPR-Cas systems are based on two molecules, guide RNA
(gRNA) and Cas protein which are responsible of binding on
a specific target at the genome and cutting the target point,
respectively. The most applied and discussed one is the CRISPR-
Cas9 system, which causes a DSB at the specific target area
on the genome and silencing of the gene. This DSB might be
repaired by either homology directed repair (HDR) or non-
homologous end joining (NHEJ) systems. During the repairing
of the gene via these two different types of systems, some
indels might occur. Except triple insertion or deletions, other
nucleotide changes cause frameshift mutations on the gene.
Even though Streptococcus pyogenes (SpCas9) is the most used
and studied one, there are more types of Cas proteins which
are parts of immune metabolisms of archaea and bacteria. In
order to function properly, those proteins require some specific
short nucleotide sequences near the target area, which is called
the protospacer adjacent motif (PAM) that may vary between
different Cas proteins (10).

Table 1: The advantages and disadvantages of gene editing tools.

Gene Editing Techniques

Advantages

Disadvantages

Meganucleases

-its ability to recognize long stretches of
14-40 bp DNA increased previously the
genome editing efficiency

-As each enzyme has a unique
recognition sequence, the possibility of
finding a right meganuclease to make a
precious target was low.

-Since the majority of induced DSBs are
repaired through NHEJ, this mechanism
may randomly insert or delete DNA
pieces at the break site (100)

ZFNs -increased targeted homologous -DNA recogpnition is specified by protein
recombination in model organisms and  -Require tedious protein engineering of
human cells. DNA-recognition domains for each target

site

TALENs -The recognization ability of one base -DNA recogpnition is specified by protein

instead of 3 bp of TALE proteins together
with fusion of the Fok | DNA cleavage
domain served it as an efficient gene
editing tool.

-Require tedious protein engineering of
DNA-recognition domains for each target
site

CRIPSR/CAS9

-Ease of design, simplicity in use and
highly efficient

-Off-target and unexpected mutations

-Can be used not only for genome
editing, but also transcriptional
perturbation, epigenetic, modulation and
genome imaging
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Newly discovered CasX protein has a great potential of human
GE since it has a small size and the transformation of this
protein to human cells is much easier than other Cas proteins.
In addition to that, unlike some Cas9 proteins, CasX proteins are
not found in bacteria which live in the human body and CasX
proteins do not have any common ancestors with Cas9 proteins.
Because of this reason, human immune systems are not capable
of showing a strong response against CasX proteins (11). Similar
to CasX, Cas14 also has a small size and does not require PAM
sequence to generate single strand DNA break (12). Another
Cas protein is Cas12a, also known as Cpf1, causes sticky DSB
which makes easier the gene insertion into target loci (13).

Depending on the purpose, the Cas protein might be used
single or as a fusion protein. For instance, Cas9 protein with
an inactivated catalytic side (dCas9) is fused with cytidine
deaminase to convert cytidines to uridines without causing
any DSB on the target side (14). This method might be used
for opposite change, uridines to cytidines with adenosine
deaminase (15). CRISPR-Cas system is also utilized for
generating epigenetic changes. There are three types of
epigenetic changes generated by the CRISPR-Cas system:
i) single or multiple gRNAs can manipulate dCas9 fused to
a VP64 transcriptional activation domain to enhance the
expression of endogenous human genes (16), ii) dCas9-KRAB
fusions block the binding or progressing of DNA polymerase,
resulting in repression of transcription (17), iii) targeted DNA
methylation editing by using dCas9-TET1 catalytic domain
fusions (18).

Since DNA editing causes permanent changes on the genome,
off-target brings some huge risks for the future of the organism.
This situation gives researchers a reason to use the CRISPR-Cas
system on RNA editing to prevent these risks, as these types
of changes stay at the transcriptional level. For RNA editing,
researchers use two types of Cas proteins, Cas13a and Cas13b.
Cas13a is used for mRNA degradation, on the other hand
dCas13b-ADAR fusion is used for base editing on mRNA (19).

There are several methods for delivering components of
the CRISPR-Cas system to an organism. These methods are
classified as physical (electroporation) (20), viral (adenovirus,
lentivirus, tobacco rattle virus) (21-23) and non-viral methods
(lipid nano particles, agrobacterium) (24, 25). After delivery,
for the screening of the changes on cell or organisms, several
methods are used. Screening of large-scale mutation requires
sequencing or determination of the DNA band size with
electrophoresis (26). For screening of small-scale mutation T7
endonuclease assay or restriction enzyme assay might be used
(27, 28).

As discussed before, CRISPR is a mechanism of bacterial
immune system against phages. On the other hand, phages
also developed inhibitor proteins against this bacterial
mechanism. Those proteins are called anti-CRISPR proteins,
which allow us the control application of CRISPR and make
clinical trials safer (29).

RECENT APPLICATIONS

In order to use this technology as a gene therapy tool, CRISPR
needs to be delivered to the right cells in the human body.
There are two different applications: in vivo and in vitro.
Genome editing via cas-9 in vivo has been used to correct alleles
associated with genetic diseases in animal models. In order to
lead to cataract-free progeny, CRYGC gene, causing dominant-
negative cataract, mutated by injecting Cas9 mRNA into the
zygote of the mouse heterozygote and a sgRNA targeting
only in the mutant allele (30). Furthermore, in case of this
technique was applied to a mdx mouse which had a mutation
in the gene encoding dystrophin, phenotypic correction was
observed between 2% to %100 percent when Cas9, sgRNA and
donor template were injected into mouse zygotes (31). All of
these studies showed promising advances in the treatment of
genetic diseases.

Streptococcus pyogenes Cas9 (SpCas9) promises great potential
for curing hereditary disorders including muscle dystrophy,
HIV, vision disorders and many others. However, for all these
applications to be possible, the dose and timing of SpCas9
activity should be adjusted to reduce the effects of off-targets.
If SpCas9 activity can be controlled in these aspects; editing of
DNA in model organisms can be successfully achieved. As an
example, gene drives in genetically altered mosquitoes can
prevent the spread of malaria and similar diseases transmitted
by mosquitoes. The demand for the control of SpCas9 acitivity
has raised a requirement for anti-CRISPR molecules. Although
the anti-CRISPR proteins target SpCas9 are large and cannot
pass through the cells, which can break down by proteases
and cause the formation of an adverse immune reactions in
the body. Whereas small molecule inhibitors are proteolytically
stable and generally do not produce an immune response since
they can diffuse through the cells. Future studies are needed to
identify the mechanisms of action of the inhibitors on SpCas9:
gRNA binding domains (32).

Although many studies have focused on the Cas9 protein so
far; in recent years, the CRISPR-Cpf1 protein, also known as
Cas12a, has been shown to be more effective than Cas9. As
a matter of fact, companies like Mammoth Biosciences have
already started using Cas12a technology. Patents containing
the Cas12a-RNA complex are supported by the Berkeley
and the Broad Institute. Recently CasX, which was originally
discovered in Jennifer Doudna’s laboratory in 2017, is much
smaller than other Cas proteins and has the ability to shade
both Cas9 and Cas12a. Since it sources are from bacteria that
are not found in humans, the human immune system is more
likely to accept it than Cas9 (32, 33). Differently, the newly
developed Cas13-based SHERLOCK, which targets RNA,
allows us to diagnose multiple diseases with one test and
gives us a hundred times more sensitive results. Following
the bonding of Cas13 with the viral genome, Cas13 starts
to cut free specific RNAs, and these RNA cuttings trigger the
formation of signals.
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Currently, CRISPR gene-editing technology has been started
to be used for human clinical trials: B-thalassemia [Vertex
Pharmaceutical/CRISPR Therapeutics], Cancer (melanoma,
sarcoma, myeloma) [U Penn/Parker Institute] and HIV [Affiliated
Hospital to Academy of Military Medical Sciences]. The earlier
studies led by Feng Zhang (MIT) and George Church (Harvard
University) showed that the CRISPR system could be used to
edit eukaryotic mammalian cells, including human cells. Later,
a lot of researches were performed in this field. In November
2018 the Chinese researcher He Jiankui made the world’s first
genetically edited babies. He used CRISPR to mutate the gene
called CCR5. Disabling this gene would prevent the HIV virus
from entering and destroying Helper T cells. If everything had
been gone as planned, children with an immune response to
AIDS would have been born. However, it was shown that the
growing CRISPR babies may face earlier deaths (average of 1.9
years) (34) a the genetic mutation that protects against HIV
causes the babies to have a shorter life span.

Moreover, CRISPRi in which dCas9 is fused to a transcriptional
repressor domain [Kruppel associated box (KRAB)] for
repression of transcription and CRISPRa in which dCas9 is
fused to a sequence (SunTag) containing multiple copies of the
activator recruitment domain of the general control protein
(GCN4) to activate transcription are also used to elucidate the
non-coding genome (35-37). Genome editing by this method
allows for efficient disorder of regulatory elements without
causing DNA mutations. To sum up, dCas9-based methods
enable to clarify the roles of regulatory sequences within
the natural genomic structure and can elucidate long non-
facilitating RNAs that can be altered by indels generated with
Cas9 nucleases (38).

The chromatin structure modulates the genome. However,
elucidation of the basis of this modification depends on a
limited number of methods used to study chromatin-protein
interactions. To identify proteins that interact with a specific
genome locus; the chromatin may be precipitated with an
antibody against a dCas9-tag fusion protein expressed together
with gRNA targeting the desired DNA sequence, which is called
‘engineered DNA-binding molecule-mediated chromatin
immunoprecipitation’ (enChlP). Later on, locus-associated
proteins can be identified by mass spectrometry (39). enChlIP is
used in living cells for biochemical analysis of transcription and
epigenetic regulation (40).

CRISPR-based tools can create a new guide RNA, enabling easier
genome-wide screening. Many researchers have reported that
screening with this method is more specific and more efficient
than RNAI, and yields more robust and trustable results (41). In
these experiments, sgRNA libraries and Cas9 cells are introduced
into the cell, and selection of the treated cells was conducted
according to those showing the targeted phenotypic result
(42). Such screenings have been used to identify genes that
are involved in cancer progression (43), drug resistance (44),
immune response (45) susceptibility to bacterial toxins (46) and
the emergence of other biomedically important phenotypes.

The ability to screen multiple loci in the human genome at the
same time by performing a single experiment via Cas9 (47)
enables the identification of complex cell signaling pathways,
gene functions, drug targets for therapeutic purposes, and
predicting drug side effects.

PLANT CRISPR EDITING

In plant biotechnology, CRISPR is used for both improving and
gaining features on plants, such as yield and quality (48-52),
herbicide tolerance (53, 54), biotic and abiotic tolerance (26,
55-57). Along with those, CRISPR is also used for functional
genomic (58, 59) studies. High mutation frequency of CRISPR
is especially important for creating homozygote mutant lines
on polyploid plants such as wheat, potato and strawberry.
In regards to potato, researchers established a single base
change in the ALS gene of the tetraploid plants by using
Cas9-Cytidine deaminase fusion, and made the plant resistant
to the chlorsulfuron herbicide. This mutation prevents the
acetolactate synthase enzyme from inhibition by chlorsulfuron
binding (60). Furthermore, CRISPR has made it easy to target
multiple genes in a single organism. For instance, researchers
mutated different genes in cultivated tomatoes with a single
CRISPR application to ensure recovery of stress tolerance since
tomato has lost its tolerance to stress due to domestication for a
long time. As a result, tomatoes with a bigger fruit size, number
and nutritional value were obtained (61). In another study, the
Fad 2.1 gene, responsible for the conversion of oleic acid to less
stable linoleic acid, was knocked-out by Calytx Inc. to increase
the oleic acid content of the soybean and ultimately the shelf
life of the soybean oil. This first commercial GE plant, which was
developed for the first time with TALEN, was later achieved by
the CRISPR technique (62).

BACTERIAL GENOME EDITING WITH CRISPR

Since there are other effective methods for genome editing
in microorganisms such as HR; few studies have been
reported on the development of CRISPR-Cas genome editing
in various bacteria (i.e, E. coli, Cyanobacteria, Streptomyces,
Riemerella  anatipestifer, ~ Clostridium,  Corynebacterium,
Bacillus, Salmonella, Pseudomonas putida, Lactobacillus casei)
(63-72). Identification of strains (73), detection of natural or
engineered immunity against mobile genetic elements (74, 75),
manipulation of microbial consortium (76), and programmable
transcriptional regulation (77) are some issues that have been
tried to be solved using CRISPR. Moreover, patent studies in
this field focused on the growth of microorganisms, preventing
antibiotic resistance, biofuel production and enhanced
synthesis of desired metabolites (78). The development of this
method will enable efficient screening and selection of targeted
mutations in microorganisms.

ETHICS AND SAFETY REGULATIONS

Since thefirst publicationin 2012 (79) that reported CRISPR-Cas9
usage for genome editing; this method has been described by
different names such as “revolutionary’, a “groundbreaking” and
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Table 2: Regulatory decisions of different countries for GE crops.

Countries Regulation Decisions References
Most genome editing techniques will be explicitly

Australia regulated. I.3ut the.techn.lque !(nown as SDN-1.[genera.t|on of 92:93
small deletions or insertions (indels) at a precisely defined
location] will be excluded* / WTO Statement

Argentina, Brazil, Canada, Chile, Colombia, USA  Non-transgenic GE crops are not GMO / WTO Statement 94; 93

Dominican Republic, Guatemala, Honduras,

Jordan, Paraguay, Uruguay, Vietnam, Economic ~ WTO Statement 93

Community of West African States (ECOWAS)
There is little difference between traditional breeding

Japan methods and gene editing in terms of safety (Japan 96
Governmental Advisory Committee)

Russia GE technologies as equivalent to conventional breeding 95
methods.

The European Court of Justice(ECJ) Using recombinant nucleases cause GMO 97

e, Svastan UK Czillllng to update Ep GMO laws / Gave permission for field 99; 98
trials before ECJ ruling

Cyprus, Estonia, Finland, France, Germany,

Greece, Netherlands, Italy, Portugal, Slovenia, Calling to update EU GMO laws 99

Spain

*WTO: World Trade Organization

“game changer’, since it provided the opportunity of crossing
species boundaries. Naturally, this facility seemed to be very
promising at first glance for many researchers.

Clinical trials using CRISPR system for efficient genome editing of
various mammalian cells have already started and give promise
to the treatment of some major diseases (80-83). In fact, these
clinical applications also highlighted the presence of certain
risks. lhry et al. (84) revealed that DSBs generated by Cas9 could
be toxic, and it created an obstacle for high genome-editing
efficiency of CRISPR/Cas9 in human pluripotent stem cells. This
study implied that using CRISPR in human cell lines increased
the risk of cancer. Moreover, unexpected mutations resulting
from CRISPR editing are another issue that needs improvement
(85). Since these mutations can cause various genetic disorders
or cancer, some social and ethical doubts about this genome
engineering tool have appeared. Editing the unborn child to
have the desired eyes or hair color (86), building an army with
genetically edited soldiers (87) could be a few of the future
applications of this unlimited technology. Despite all these
possible risks and ethical considerations, the US and China are
the countries that have allowed researchers to apply CRISPR
editing on human CAR-T cells (88, 89). In addition to that, as it
stated above, an illegal experiment was reported in China to
make HIV resistant babies (90). However, it was later showed that
HIV-resistant babies with CCR5 mutations were also sensitive to
dangerous flu and West Nile Virus (91). All those present studies

suggest that even though CRISPR is a very powerful technique,
it is not always the first option in curing diseases.

Likewise, all these ethical and social aspects should also be
discussed for gene-editing applications in agriculture. Since
CRISPR provides gene editing without any DNA integration, in
many countries, engineered plants using this technique have
been accepted as a non-transgenic product that is allowed to
enter the market freely without the need for regulation (92-97).
Only the European Union decided that edited crops should
be considered as GMOs (Table 2). However, in some European
countries, field trials of altered plants using this approach are
still ongoing. It is also expected that after “Brexit” the UK might
remove the regulations for CRISPR-edited crops. Recently, 14
European Union (EU) countries have already made a call for
updating the laws of GMOs according to New Plant Breeding
Technologies (98,99).

CONCLUSIONS

Although CRISPR-Cas system offers tremendious oppurtunities
for clinical and biotechnological applications, it might cause
some unexpected results which reveals that the technique
needs to be improved and further tested. Besides, ethical issues
and regulatory aspects should also be discussed in scientific
consortia to have a common decision on GE applications prior
to large-scale clinical and field applications.
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ABSTRACT

Objective: The morphological differences of two populations of the Dwarf snakehead, Channa gachua (Hamilton, 1822)
from Sarbaz (Makran basin) and Halil (Hamun-e Jaz Murian basin) rivers were studied using geometric and traditional
morphometrics (GM and TM) methods to test the hypothesis that the type of body shape can produce different results.

Materials and Methods: A total of 16 landmark-points and 12 distance measurements were defined to analyse the body
shape differences and the extracted data were analyzed using GM and TM methods.

Results: Our findings reject the hypothesis, and the results revealed that GM is more effective in detecting meticulous

morphological differences.

Conclusion: In addition, the results suggest selecting a proper method i.e. GM or TM, based on the degree of accuracy
needed i.e. if we need to find small shape differences within its signification, GM is a superior technique, or to show the type

of differences, then we can use TM.

Keywords: Freshwater Fish, Morphology, Phenotypic Plasticity, Generalized Procrustes Analysis

INTRODUCTION

Comparative studies on the body shape in fishes are
commonly used to understand many aspects such as
resource management, evolution, behaviour, ecology
and phenotype plasticity (1-6). In many works, which
have investigated the morphological variation of the
biological structures using traditional (TM) (7-9) and
geometric morphometric (GM) (10-17) techniques, it
has been suggested that GM is more effective to detect
morphological disparities (4, 8). Additionally, it have
been shown that both methods can lead to similar (12)
or different results (9).

It bring to us this hypothesis that such differences
may be related to the body shape type of the studied
organisms. For instance, if a fish’s body shape is simple,
then we can expect similar results of both TM and GM
methods; and if the body shape is complex, then we
can expect a different result. Therefore, this study was
conducted to compare the body shape of the dwarf
snakehead, Channa gachua, using TM and GM methods.

Channa gachua is a species with large head scales and
elongate dorsal and anal fins, and with the ability to
breathe from air inhabiting tropical and sub-tropical
water bodies (18). It is a fish species with a bottom rover
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Figure 1. Defined landmark-points to extract the body shape data of Channa gachua. (1) anterior-most point of the snout tip on
the upper jaw, (2) center of the eye, (3) dorsal edge of the head perpendicular to the center of eye, (4) origin and (5) insertion
point of the dorsal-fin base, (6) postero-dorsal end of the caudal peduncle at its connection to the caudal fin, (7) posterior end of
the medial region of the caudal peduncle, (8) postero-ventral end of the caudal peduncle at its connection to the caudal fin, (9)
insertion and (10) origin point of the anal-fin base, (11) most anterior point of the pectoral fin, (12) posterior edge of the opercle,
(13) ventral end of the gill slit, (14) the line extends perpendicularly to the most basic part of the gill slit above the head, (15) The
terminus of the oral clefts in the upper jaw and (16) ventral edge of the head perpendicular to the center of eye.

body shape patterni.e.asimple body shape that expects the same
results of both TM and GM methods. The biggest population of
this species in the western Asia, is found in the Makran, Mashkid
and Hamun-e Jaz Murian basins of Iran (18).

MATERIALS AND METHODS

In total, 40 specimens of C. gachua representing two different
populations were collected from the Halil (n=17,28°40'29.43"N,
57°42'22.96"E, Hamun-e Jaz Murian basin) and Sarbaz (n=
23, 26°37'47"N, 61°15'31"E, Makran basin) rivers using an
electrofishing device (Samus MP750). After anesthesia, the
left sides of the fresh collected specimens were photographed
using a copy-stand equipped with a digital camera (Kodak
EasyShare Z650 with a 6 MP resolution) with fins erected by
insect pins. Then, the sampled specimens were fixed in the
buffered formalin and transferred to a laboratory.

For the GM method, a total of 16 homologous landmark-points
were digitized using tpsDig2 software (version 2.16) (Figure 1)
on 2D pictures. A Generalized Procrustes analysis (GPA) was
used to remove non-shape data, including size, position and
direction. The resulting data were analyzed using discriminant
function analysis (DFA) and Hotelling’s T-test to investigate
the morphological distinction between the populations.
Morphological disparities between the populations were
visualized using deformation grids in MorphoJ software.

For the TM method, 12 distance measurements, including
SL (standard length), SnL (snout length), ED (eye horizontal
diameter), HL (head length), HW (maximum head width), HDO
(head depth at posterior edge of the opercle), HDE (head depth
at middle of the eye), BD (body depth at dorsal-fin origin),
DFL (dorsal-fin length), AFL (anal-fin length) and CPL (caudal
peduncle length) were taken using dial calipers to the nearest
0.1 mm. To remove the size from data, they were standardized
using the Beacham formula as following (19):

M) = Moy ()"
) — M)
(3] L(O)

Where Mg is standardized values of characters, Mo = characters
of the observed length L = standard length mean of all samples,
Lo = a standard length of each sample and b = regression
coefficient between log Lo and log M.

Analyses for GM method were performed using PAST and
MorphoJ (version 1.01) softwares. Levin's test and DFA/
Hotelling’s T-test in TM method were performed in SPSS V.19
and PAST software, respectively.

RESULTS AND DISCUSSION

Geometric Method

DFA and Hotelling’s T-test showed that the two populations
can be significantly differentiated in terms of the body shape
(P>0.0001) (Figure 2). The wireframe of the body shape showed
differences in position of the snout and caudal peduncle length.
In the Halil River population, the body was deeper and the eyes

8.0
72 Sarbaz

6.4 P-Value = P>0.0001
56
4.8 Halil
4.0

Frequency

3.2
24
16
0.8

0.0
-30

Discriminant

Figure 2. Discriminant function analysis of Channa gachua
populations from the Halil and Sarbaz rivers in GM method.
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Table 1. Levin’s test and mean (+ standard deviation) of each morphological character measured in Channa gachua from Sarbaz
and Halil rivers populations (All measurements are shown in mm. Variables for which significant differences were obtained are

highlighted in bold).

Characters Sarbaz River (meanzSD) Halil River (meanxSD) F P-value
SL 98.48+0.00 98.48+0.00 -
SnL 4.28+0.94 4.48+1.19 7.37 0.01
ED 4.4+0.43 4.29+0.98 12.92 0.001
HL 29.98 +£2.03 30.1 £2.47 2.86 0.98
HW 21.09+0.83 20.96+0.99 1.61 0.212
HDO 19.14+1.02 18.93+1.1 0.401 0.53
HDE 10.05+0.84 10.12+0.91 1.31 0.294
BH 19.81+£1.27 19.49+1.20 0.085 0.772
DFL 53.12+1.38 53.04+1.3 0.074 0.788
AFL 33.81£1.79 33.24+1.19 1.93 0.177
CPL 8.5+0.90 8.3+0.87 0.029 0.885

AFL = anal-fin length, BD = body depth at dorsal-fin origin, CPL = caudal peduncle length, DFL = dorsal-fin length,
ED = eye horizontal diameter, HDE = head depth at middle of the eye, HDO = head depth at posterior edge of the opercle,
HL = head length, HW = maximum head width, SnL = snout length, and SL = standard length.

and snout had a more ventral position than those of the Sarbaz
River one (Figure 3).

Sarbaz river

Figure 3. Wireframe diagram consensus body shape graph of
Channa gachua populations from the Halil and Sarbaz rivers
in GM method.

Traditional Method
The results showed normality of the data. Levene’s test showed
significant differences in the snout length and eye diameter
(Table 1) (P<0.05). DFA/Hotelling’s T-test showed no significant
difference between the two studied populations (P=0.975,
F=0.334, Hotelling’s t* = 5.64) (Figure 4).

6 Halil

Sarbaz P-Value = 0.975

5

Frequency

-1.8 -1.2 -0.6 0.0 0.6 12 1.8
Discriminant

Figure 4. Discriminant function analysis of Channa gachua
populations from the Halil and Sarbaz rivers in TM method.

Morphological variations in fishes are considered to be an
important adaptive strategy for populations experiencing
inconsistent environments such as rivers (20). In addition, fishes
show a variety of body form associated with functions such
as swimming and feeding to overcome different habitats and
lifestyles (10, 21). The body shape can even display the lifestyles
of a fish. Therefore, based on the diversity of the habitat
features or lifestyles, the degree of a biological structure can
show a higher plasticity (22), e.g. those fishes with a generalized
body shape, are fusiform with a pointed head and forked tail.
Therefore, fusiform body designs have a lot of variations in
different parts of their body shape.

In the present study, the multivariate analysis did not show
a significant difference in TM. However in TM, comparing
each morphometric data revealed differences in SnL and ED
similar to the results of the GM method. Our findings reject the
hypothesis that differences may be related to the body shape
type using GM or TM.

However, it is suggested to select a proper method viz GM or
TM, prior to the analysis of the data based on the aim of the
study and particularly degree of accuracy needed i.e. if we
need to find small shape differences within its signification,
then we can apply GM, or if our aim is to find traits which show
differences, then we can use TM as well. Both methods reveal
real differences but GM better signifies difference due to its
higher detection ability.
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