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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; animal biology and systematics, plant biology and systematics, hydrobiology,
ecology and environmental biology, microbiology, cell and molecular biology, biochemistry, biotechnology and genetics, physio-
logy, toxicology, cancer biology, developmental biology, and stem cell biology.

The target audience of the journal includes specialists and professionals working and interested in all disciplines of biology.

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

European Journal of Biology is currently indexed by Web of Science Zoological Record, CAB Abstracts (CABI), Chemical Abstracts
Service (CAS) and TUBITAK-ULAKBIM TR Index.

Processing and publication are free of charge with the journal. No fees are requested from the authors at any point throughout the
evaluation and publication process. All manuscripts must be submitted via the online submission system, which is available at der-
gipark.gov.tr/iufsjb. The journal guidelines, technical information, and the required forms are available on the journal’s web page.

All expenses of the journal are covered by the Istanbul University.

Statements or opinions expressed in the manuscripts published in the journal reflect the views of the author(s) and not the opini-
ons of the Istanbul University Faculty of Science, editors, editorial board, and/or publisher; the editors, editorial board, and publisher
disclaim any responsibility or liability for such materials.

All published content is available online, free of charge at https://dergipark.org.tr/tr/pub/iufsjb. Printed copies of the journal are
distributed free of charge.
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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; animal
biology and systematics, plant biology and systematics, hyd-
robiology, ecology and environmental biology, microbiology,
cell and molecular biology, biochemistry, biotechnology and
genetics, physiology, toxicology, cancer biology, developmen-
tal biology, and stem cell biology.

The editorial and publication processes of the journal are shaped
in accordance with the guidelines of the International Council of
Medical Journal Editors (ICMJE), the World Association of Medical
Editors (WAME), the Council of Science Editors (CSE), the Com-
mittee 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-
cal Research Involving Human Subjects,” amended in October
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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
consent of patients and volunteers was obtained following a de-
tailed explanation of the procedures that they may undergo. In-
formation on patient consent, the name of the ethics committee,
and the ethics committee approval number should also be stated
in the Materials and Methods section of the manuscript. It is the
authors'responsibility to carefully protect the patients’anonymity.
For photographs that may reveal the identity of the patients, sig-
ned 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

4 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.

MANUSCRIPT SUBMISSION

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
the following:

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 with 1200 dpi for graphic and
600 dpi for colour images) through the submission system. The
files should not be embedded in a Word document or the main
document. When there are figure subunits, the subunits should
be labeled merged to form a single image. Each subunit should
be submitted separately through the submission system. Images

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

X



should be labeled (a, b, ¢, etc.) to indicate figure subunits. Thick
and thin arrows, arrowheads, stars, asterisks, and similar marks
can be used on the images to support figure legends. Like the
rest of the submission, the figures too should be blind. Any in-
formation within the images that may indicate an individual 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 reso-
lution 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.

References

While citing publications, preference should be given to the la-
test, most up-to-date publications. If an ahead-of-print publica-
tion is cited, the DOI number should be provided. Authors are
responsible for the accuracy of references. Journal titles should
be abbreviated in accordance with the journal abbreviations in
Index Medicus/ MEDLINE/PubMed. When there are six or fewer
authors, all authors should be listed. If there are seven or more
authors, the first six authors should be listed followed by “et al”" In
the main text of the manuscript, references should be cited using
Arabic numbers in parentheses. The reference styles for different
types of publications are presented in the following examples.

Journal Article: Rankovic A, Rancic N, Jovanovic M, Ivanovi¢ M, Gajo-
vi¢ O, Lazi¢ Z, et al. Impact of imaging diagnostics on the budget —
Are we spending too much? Vojnosanit Pregl 2013; 70: 709-11.

Book Section: Suh KN, Keystone JS. Malaria and babesiosis. Gor-
bach SL, Barlett JG, Blacklow NR, editors. Infectious Diseases.
Philadelphia: Lippincott Williams; 2004.p.2290-308.

Books with a Single Author: Sweetman SC. Martindale the Comp-
lete Drug Reference. 34" ed. London: Pharmaceutical Press; 2005.

Editor(s) as Author: Huizing EH, de Groot JAM, editors. Functional
reconstructive nasal surgery. Stuttgart-New York: Thieme; 2003.

Conference Proceedings: Bengisson S. Sothemin BG. Enforce-
ment of data protection, privacy and security in medical infor-
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MEDINFO 92. Proceedings of the 7th World Congress on Medi-
cal Informatics; 1992 Sept 6-10; Geneva, Switzerland. Amster-
dam: North-Holland; 1992. pp.1561-5.

Scientific or Technical Report: Cusick M, Chew EY, Hoogwerf B,
Agrén E, Wu L, Lindley A, et al. Early Treatment Diabetic Retino-
pathy Study Research Group. Risk factors for renal replacement
therapy in the Early Treatment Diabetic Retinopathy Study
(ETDRS), Kidney Int: 2004. Report No: 26.

Thesis: Yilmaz B. Ankara Universitesindeki Ogrencilerin Beslen-
me Durumlari, Fiziksel Aktiviteleri ve Beden Kitle indeksleri Kan
Lipidleri Arasindaki lliskiler. H.U. Saglik Bilimleri Enstitiisti, Dok-
tora Tezi. 2007.

Epub Ahead of Print Articles: Cai L, Yeh BM, Westphalen AC, Roberts
JP, Wang ZJ. Adult living donor liver imaging. Diagn Interv Radiol.
2016 Feb 24. doi: 10.5152/dir.2016.15323. [Epub ahead of print].

Manuscripts Published in Electronic Format: Morse SS. Factors
in the emergence of infectious diseases. Emerg Infect Dis (serial
online) 1995 Jan-Mar (cited 1996 June 5): 1(1): (24 screens). Ava-
ilable from: URL: http:/ www.cdc.gov/ncidodIEID/cid.htm.

REVISIONS

When submitting a revised version of a paper, the author must
submit a detailed “Response to the reviewers” that states point
by point how each issue raised by the reviewers has been cove-
red and where it can be found (each reviewer’s comment, fol-
lowed by the author’s reply and line numbers where the chan-
ges have been made) as well as an annotated copy of the main
document. Revised manuscripts must be submitted within 30
days from the date of the decision letter. If the revised version of
the manuscript is not submitted within the allocated time, the
revision option may be cancelled. If the submitting author(s)
believe that additional time is required, they should request this
extension before the initial 30-day period is over.

Accepted manuscripts are copy-edited for grammar, punctua-
tion, and format. Once the publication process of a manuscript
is completed, it is published online on the journal’s webpage
as an ahead-of-print publication before it is included in its sc-
heduled issue. A PDF proof of the accepted manuscript is sent
to the corresponding author and their publication approval is
requested within 2 days of their receipt of the proof.
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ABSTRACT

Objective: The aim of this study is to investigate the anatomy and histology of Melanophila picta decastigma (Fabricius)
(Coleoptera: Buprestidae).

Materials and Methods: Some of the samples were fixed in 10% formaldehyde for light microscopy, others were fixed with
2.5% glutaraldehyde for scanning electron microscopy (SEM). Then the samples were examined by using stereo, light, and
SEM.

Results: The digestive tract in M. picta decastigma consists of foregut, midgut, and hindgut. The foregut is composed of
the pharynx, esophagus, crop and proventriculus. The foregut showed muscle layers followed by intima and epithelium.
There is a long, tubular pair of gastric caeca in the anterior part of the midgut. In cross-sections, a single-layered cylindrical
epithelium with a short striated border. The midgut showed that the epithelial lining was substantially folded, giving its
lumen a curved profile. These monolayered columnar epithelial cells had their nuclei located medially, and apically they have
a striated border. The midgut surface was covered by rounded structures called regenerative crypts. The main sections of
hindgut (pyloric valve, ileum, colon and rectum) were clearly observed. In the hindgut sections, there appeared to be a highly
folded cuticular lining, a monolayer cubic epithelium and a very muscular wall.

Conclusions: Studies on the digestive tract histo-anatomy of M. picta decastigma will add more information to assist in
experimental, taxonomical, histological, and anatomical studies about insect tissues and will serve as a basis for control
studies.

Keywords: Foregut, midgut, hindgut, Malpighian tubules, light microscope, electron microscope

INTRODUCTION species are in the secondary pest status, but when they
reproduce in large quantities and cannot find enough
food sources to suit their wishes, they become primary
pests and cause a lot of damage to the trees. Therefore,
the Buprestidae family is considered to be an important

Buprestidae is a family of insects known as gem beetles
or metallic wood boring insects because of their bright
iridescent color. The Buprestidae has 5,000 known spe-
cies in 450 genera and it is the eighth largest family of
Coleoptera with many extant common buprestids (1-3).  family in forestry, covering many harmful species (6).
Buprestidae (4% of Coleoptera) are all widespread ter-  Melanophila is a genus of buprestid beetles common-
restrial groups (4) There are many dangerous pests of |y known as fire beetles (7) Most of them are found in
fruit trees, forest trees, shrubs and herbaceous plants  the Mediterranean environment, the Middle East and
among the Buprestidae (5). Most Buprestidae family  Europe (8). The majority of the adult buprestid beetles
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including Melanophila beetles are diurnal, sun-loving, and oli-
gophagous (9). The damage status of Melanophila decastigma
on poplars has been reported to have a positive correlation be-
tween disease and pests (10). These pests attack many poplars
in physiologically weakened conditions and cause considerable
damage in nurseries, plantations and wood-lots (11).

The digestive tract of all insects is an epithelial tube that fol-
lows a straight or curved path from mouth to anus and consists
of three separate parts: the foregut and hindgut arising as the
ectodermal, but the midgut is endodermal in origin (12-16).
The gut epithelium is a single cell-layer thick throughout the
length of the alimentary canal and rests on a basement mem-
brane surrounded by a variably developed muscle layer (17). In
Coleopteran insects including Buprestidae, the foregut is usu-
ally short and subdivided into four distinct regions including a
pharynx, an esophagus, a crop (food storage region) and the
proventriculus (a grinding organ). The midgut is covered with
small, regenerative crypts. There is a pair of caeca between the
foregut and the midgut. The hindgut is equal to or greater than
the length of the midgut. The hindgut has narrow small and
larger intestines. The digestive tract ends in a rectum. The six
cryptonephric Malpighian tubules join with the pyloric valve,
between the midgut and hindgut (18). The foregut is responsi-
ble for the ingestion, storage, grinding and transport of nutrient
to the midgut. Digestive enzymes are produced and secreted
in the midgut, and digestion products are absorbed. Material
remaining in the intestinal lumen along with urine from the
Malpighian tubules then enters the posterior intestine, where
the absorption of water, salts and other valuable molecules
occurs before the feces are expelled from the anus. Coleop-
tera has a cryptonephric system in which the distal ends of the
Malpighian tubules are held in contact with the rectal wall by
the perinephric membrane. Such an arrangement allows some
beetles that live on a very dry diet, such as stored grain, to be
extraordinarily efficient in their conservation of water (17).

The digestive system of Melanophila picta decastigma, which is
an important pest species, was examined anatomically and his-
tologically since there have been no previous studies of the di-
gestive tract of Melanophila genus. With this study, it is thought
that the Buprestidae family including Melanophila genus and
other Coleopterans will contribute to the digestive system his-
tology and anatomy, and thus, basic information will be provid-
ed for studies to combat these harmful species.

MATERIALS AND METHODS

Insects

Adult specimens of M. picta decastigma (n=20) were collected
at 39.255940E, 32.961942N in the Kdmdsini, Kulu, Konya, Turkey
in May 2019.

Preparation of Gut

For light microscope examinations, adult insects were anesthe-
tized with ethyl acetate and dissected in 0.1 M sodium phos-
phate buffer solution (pH 7.2) under the stereomicroscope
(Olympus SZX7). Any surrounding fat was removed. The spec-

imens were fixed in 10% formaldehyde, and then they were
dehydrated with graduated ethanol series. Then, specimens
were cleaned by xylene and embedded in pure paraffin and
sectioned (6-7 um thick) via a Microm microtome. They were
stained with hematoxylin and eosin (H&E). These sections were
photographed under a light microscope (Olympus BX51).

Scanning Electron Microscopy (SEM)

For SEM examinations, the dissected guts were fixed with 2.5%
glutaraldehyde (pH 7.2, sodium phosphate buffered), washed
three times with phosphate buffer (pH 7.2) for 15 minutes, and
then dehydrated in ethanol series (70-100% for 15 min each).
Then tissues were dried with Hexamethyldisilazane (HMDS),
and they were mounted by double-sided tape on SEM stubs,
and then coated with gold for 2 minutes with a Polaron SC 502
sputter coater. The samples were examined with a JEOL (JSM
6060 LV) SEM operated at 10 kV, and photographed in an elec-
tron microscope laboratory in the faculty of science at Gazi Uni-
versity.

RESULTS

In M. picta decastigma adults, the digestive tract is a long tube
(Figure 1a). The digestion starts from the mouth (Figure 1b).
The mouth parts generally consist of a pair of maxillary palps,
a pair of labial palps, a mentrum, a submentrum, and a gula
(Figure 1b). Muscle bundles were seen in the lower part of the
head, anterior to the esophagus (Figure 1c). The digestive tract
consisted of three basic regions, that is, fore, mid, and hindgut.
The foregut and hindgut were almost equal in length, but the
midgut was shorter than the other parts (Figure 1a). The foregut
is composed of the pharynx, esophagus, crop and proventricu-
lus (Figures 1a, d). The pharynx is the first part of the foregut,
which connects the mouth with the esophagus. The esophagus
was a simple, long tube connecting the pharynx with the crop
(Figures 1a, d). Anatomically, the esophagus was surrounded
by transverse and longitudinal muscle layers, and trachea and
tracheoles were found on the muscle layer (Figure 1e). Histo-
logically, the esophagus was composed of the lumen, intima,
a single layer epithelium and muscle layer from the inside out
(Figure 2a). On the inner surface of the intima of the esopha-
gus, there were sometimes protrusions in the form of spines,
sometimes in the form of blunt-tipped teeth (Figures 2b-d). The
crop was located just behind the esophagus. The crop contains
a series of longitudinal and transverse muscle layer bundles just
outside the epithelium (Figure 3a). The epithelial cells, which
are mono-layered and cubic, formed the tissue just outside
the intima in the crop. There were oval nuclei of epithelial cells
medially (Figure 3a). Food particles were distinguished in the
lumen. Spiny protrusions in groups were observed on the inner
surface of the intima layer. Food particles were found among
these spiny protrusions (Figure 3b).

The proventriculus is a thick-walled region lying just posterior
to the crop, called a grinding organ. Histologically, the proven-
triculus was from the inside out, the lumen was filled with food
particles, the intima with sharp protrusions, the single-layered
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Figure 2.Light microscopy and SEM photographs of the esophagus
in M. picta decastigma. a. Longitudinal section of the esophagus
(H&E) (LM). b. The protrusions in the spines and blunt-tipped
teeth form in the esophagus intima (SEM). c. SEM photograph of
food particles on blunt-tipped teeth groups. d. Spine groups in
the intima of the esophagus (SEM). Abbreviations: ep-epithelium,
in-intima, lu-lumen, ml-muscle layer, nu-nucleus, sp-spine.

18kU X1 Trom

Figure 1. a. The general view of digestive tract in M. picta
decastigma (SEM). b. SEM photograph of the general view of
mouth structure. c. The muscle bundles around the esophagus
(SEM). d. SEM photograph of the foregut parts. e. Longitudinal
and transverse muscles surrounding the esophagus.
Abbreviations: co-colon, cr-crop, es-esophagus, fr-foregut, gc-
gastric caecum, gl-gula, Hc-head capsule, hd-hindgut, il-ileum,
Ip-labial palp, Mb-muscle bundle, md-midgut, m-mentrum,
mp-maxillary palp, mt-Malpighian tubules, ph-pharynx, pv-
proventriculus, py-pyloric valve, rc-rectum, sm-submentrum,
tl-tracheole tr-trachea.

cubic epithelium with spherical nuclei medially, surrounded by
a longitudinal and transverse muscle layer (Figures 3c and d).
There were spiny structures with very long protrusions in the
intima layer. Food particles of different sizes were seen between
these spiny protrusions (Figures 3e and f).

and proventriculus in M. picta decastigma. a. Longitudinal
There was a long, tubular pair of gastric caeca in the anterior section of the crop (H&E) (LM). b. Spiny protrusions on the inner

part of the midgut, which is the second part of the digestive surface of the crop intima layer (SEM). c. Longitudinal section

tract. Anatomically, the gastric caecum surface was seen as of proventriculus; (H&E) {LM). d. SEM: photograph' of spiny
structures with very long protrusions in the proventriculus

round protrusions resembling corn grains (Figures 4a and b). intima layer. e. Muscle layer, intima and epithelium surrounding

Trachea and tracheoles in the form of thin threads were found the proventriculus (H&E) (LM). f. High magnification of the food

on these structures (Figure 4a). In cross-sections, a single-lay- pal;ticle; around the spiny. structures (SEM). Abbreviations: ep-

ered cylindrical epithelium with a short striated border at its epithelium, fdp-food particles, lu-lumen, ml-muscle layer, nu-
e S nucleus, sp-spiny protrusions.

apex was distinguished. The epithelium layers were convoluted
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Figure 4. Light microscopy and SEM photographs of the gastric
caecum in M. picta decastigma. a. Histological section of the
gastric caecum (H&E) (LM). b. SEM photograph of protrusions
resembling corn grains on the gastric caecum surface. c. The
epithelial layer surrounding the gastric caecum (SEM). d. SEM
micrograph showing microvilli in the apex of the epithelial cells
of the gastric caecum. Abbreviations: ep-epithelium, lu-lumen,
mv-microvilli, nu-nucleus, tl-tracheole, tr-tracheoles.

in shaped (Figure 4c). SEM micrographs showed microvilliin the
apex of the epithelial cells of the gastric caecum (Figure 4d).

The midgut was a slightly tortuous tube, and it was shorter than
the foregut and hindgut. LM and SEM images of the transverse
sections of the midgut indicated that the epithelial lining was
greatly folded giving its lumen a convoluted profile (Figures 5a
and b). These mono-layered columnar epithelial cells had their
nuclei located medially, and apically they had a striated border
(Figures 5a and c). The outer surface of the midgut was covered
with regularly spaced rounded structures, which are called re-
generative crypts and responsible for providing a continuous
supply of new cells for the epithelial lining of the midgut (Figure
5d). Some of the regenerative crypts surrounding the midgut
were seen in direct contact with the epithelium lining the lu-
men of the midgut (Figure 5c). The outer wall consisted of a thin
muscle layer beneath which is a convoluted line that completely
encircled the midgut (Figure 5c¢). The microvilli were seen in the
apex of the epithelial cells at high magnifications (Figures 5e and
f). The microvilli were grouped in threads, and they are respon-
sible for absorption.

Anatomically, the proximal ends of the six Malpighian tubules
were located between the mid and hindgut. They were divisible
into two groups; the first group consisted of four tubules and
the second consisted of two tubules (Figures 6a and b). They
were highly tortuous tubes, and they had smooth surfaces (Fig-
ures 6a-c). The tracheae and tracheoles were seen between the
Malpighian tubules (Figures 6c). These tubules were made up of
5-6 cells with large oval nuclei, and the epithelial layer had mi-
crovilli. A thin layer of connective tissue surrounded these cells
(Figures 6¢c and d).

R N 83 - =4 ,4 >
Figure 5. Light microscopy and SEM photographs of the midgut in
M. picta decastigma. a. Longitudinal section of the midgut (H&E)
(LM). b. The monolayered columnar epithelial cells surrounding
the midgut (SEM). c. The cross section of some regenerative
crypts, which are seen in direct contact with the midgut
epithelium (H&E) (LM). d. SEM photograph of the outer surface
of the midgut covered with regularly spaced rounded structures,
which are called regenerative crypts. e, f. SEM photograph of a
single layered columnar epithelial cells which have their nuclei
located medially, and apically they have microvilli. Abbreviations:
cry-crypt, ep-epithelium, lu-lumen, mt-Malpighian tubule, ml-
muscle layer, mv-microvilli, nu-nucleus, sb-striated border.

The hindgut comprised slightly more than one-third of the to-
tal length of the gut. The main sections of the hindgut (pyloric
valve, ileum, colon and rectum) were clearly observed. In sec-
tions of the ileum, a highly folded cuticular lining, a monolayer
cubic epithelium and a very muscular wall were seen (Figure
6d). In the epithelial cells, the nucleus was round and located in
the center of the cell (Figure 6d). The intima in this region had
spines in groups (Figures 6e and f). The epithelial layer of the
ileum was thicker than those surrounding the other parts of the
hindgut (Figures 6d, 7c and 8b).

The colon linked the distal end of the ileum with the proximal
end of the rectum (Figure 7a). The distal ends of the Malpighian
tubules in M. picta decastigma were in contact with the colon
surface constituting its excretory or cryptonephric system (Fig-
ures 7b and c). The colon had a star-shaped lumen. In cross sec-
tions of the colon, the lumen, intima, convoluted single-layered
cubic epithelium, Malpighian tubules and sheath were distin-
guished from inside to outside, respectively (Figures 7c and d).
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Figure 6. Light microscopy and SEM photographs of the ileum
and Malpighian tubules in M. picta decastigma. a. Malpighian
tubules, which are located between the mid and hindgut. b. The
cubic epithelial cells and sheath surrounding Malpighian tubules,
which are smooth surfaced and tortuous tube shaped (SEM). c.
Longitudinal section of the ileum (X400) (H&E) (LM). d. Surface view
of the ileum and Malpighian tubules (SEM). e, f. SEM photographs
of spine groups in the intima layer. Abbreviations: ep-epithelium,
il-ileum, in-intima, lu-lumen, md-midgut, ml-muscle layer, mt-
Malpighian tubule, nu-nucleus, py-pylorus, tr-trachea.
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Figure 7. Light and SEM photographs of the colon in M. picta
decastigma. a. The general view of the colon, rectum and aedeagus
(SM). b. Malpighian tubules, which are in contact with the colon
surface (SEM). ¢, d. The colon wall which is surrounded by the lumen,
intima, convoluted single-layered cubic epithelium, Malpighian
tubules and sheath (H&E) (LM). Abbreviations: ae-aedeagus, cl-
colon, ep-epithelium, tr-trachea, in-intima, lu-lumen, mt-Malpighian
tubules, nu-nucleus, rc-rectum, sh-sheath, tl-tracheole.

Figure 8. Light microscopy and SEM photographs of the rectum

in M. picta decastigma. a. The general view of the six rectal pads

located on the inner surface of the wall of the rectum (H&E) (LM).

b, c. Intima, monolayer cubic epithelium and muscle layer which

are surrounding the rectum wall (H&E) (LM). d. SEM photograph

of spines in groups of two or three in the intima. Abbreviations:
1-6-rectal pads, ep-epithelium, in-intima, lu-lumen, ml-muscle
layer, sp-spine.

The colon connected the ileum with the rectum. In the cross
section, the rectum lumen consisted of intima, a single layer of
cubic epithelium and a muscle layer (Figures 8a and b). There
were six rectal pads located on the inner surface of the wall of
the rectum (Figure 8a). These pads were composed of cubic
cells with round nuclei (Figures 8b and c). The intima had pro-
trusions in the form of spines in groups of two or three (Figure
8d). The muscle layers lay immediately outside the epithelial
layer. When comparing the rectum, ileum and colon, the first
had a convoluted cuticular lining and a thick muscular wall, but
its lumen was larger than the others (Figures 6d, 7c and 8b).

DISCUSSION

Insects use many different food sources. Therefore, the struc-
ture and function of insect guts is bewilderingly diverse (14).
The gut is the most universally conspicuous internal organ of
insects and is considerably longer than the body. Its structure
varies greatly with different foods and different eating habits
of insects (17).

The digestive system in general, is similar to that found in other
coleopterous insects, and it consists of 3 parts in insects; fore-
gut, midgut and hindgut, and the lengths of these 3 regions
vary according to the species (19-24). In M. picta decastigma
adults, the foregut and hindgut are almost equal in length, but
the midgut is shorter than the other parts. In Adalia bipunctata
(Linnaeus) (Coccinellidae), the foregut is the shortest region of
the gut (12). The foregut of Asaphes memnonius Hbst. (Elateri-
dae) comprises about one-thirteenth of the total length of the
alimentary canal and the length of each midgut and hindgut is
approximately one-half the entire length (25). The hind-intes-
tine is approximately two-thirds as long as the body in Penthe
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pimelia (Fabricius, 1801) (Tetratomidae) (20). The midgut of
Epicauta cinerea marginata Fab. (Meloidae) occupies about one-
fourth the entire canal (9).

The foregut of M. picta decastigma distinguishes a pharynx,
esophagus, crop and proventriculus. In Phanaeus vindex Ma-
cleay (Scarabaeidae), no crop or gizzard is present (19). In A.
memnonius (Elateridae), the foregut consists of pharynx and
crop (25). The foregut in Phyllophaga gracilis (Burmeister, 1855)
(Scarabaeidae) and Crioceris asparagi (L.) (Chrysomelidae) con-
sists of the following regions: pharynx, esophagus, crop, and
esophageal valve (22,23). The foregut in P. pimelia (Dacnidae)
consists of the mouth, the pharynx, the esophagus, and termi-
nates at the esophageal valve (20).

In the esophagus intima, there are no spines in some species
while in other species, different protrusions were seen. On
the inner surface of the intima of the esophagus in M. picta
decastigma, there were sometimes protrusions in the form
of spines, sometimes in the form of blunt-tipped teeth. The
spines have been observed within the esophageal intima
in  Alphitobius diaperinus Panzer, 1797 (Tenebrionidae),
Dendroctonus micans (Kugelann, 1794), D. ponderosae (Hopkins,
1902), D. pseudotsugae pseudotsugae Hopk., D. rufipennis (Kirby,
1837) and D. terebrans (Olivier) (Scolytidae) (10,26).There are no
spines in the esophagus intima of P. vindex (Scarabaeidae) and
Platynotus belli Fairmere (Tenebrionidae) (19,27).

Trachelizus bisulcatus (Fabricius) (Brentidae), Allaeometrus
breviceps Senna (Brentidae) and Calendyma chilensis (Spinola
1849) (Cleridae), Tanymecus dilaticollis Gyllenhal, 1834
(Curculionidae) have a well-developed proventriculus, but
it is weakly developed in M. picta decastigma (Buprestidae),
Aporhina australis (Heller) (Brentidae), Mecysolobus bubo
(Fabricius) (Curculionidae), Tillus elongatus (Linnaeus) (Cleridae)
and Onychotillus vittatus Chapin (Cleridae) (28-30).

In M. picta decastigma, teeth lined up in groups were seen on
the inner surface of proventriculus intima, like in Capnodis
tenebrionis (L. 1758) (Buprestidae) (3). In Dendroctonus armandi
Tsai and Li (Curculionidae), Sitophilus zeamais Motschulsky,
1855 (Curculionidae), Epiphaneus malachiticus Boheman, 1842
(Coleoptera: Curculionidae) and T. dilaticollis (Curculionidae),
the proventriculus consists of eight heavily sclerotized chitinous
basal plates (29,31-33).

The gastric caeca position, number, and arrangement vary
among coleopteran species (28,34). In M. picta decastigma, the
midgut has a pair of tubular gastric caeca at the anterior end,
as in Capnodis tenebrionis (L. 1758) (Buprestidae) (3). In the pos-
terior midgut of Hypothenemus hampei (Ferrari) (Curculionidae)
and in the anterior portion of the midgut in A. bipunctata, two
gastric caeca are seen (12,34). D. armandi (Curculionidae) has
approximately 160 gastric caeca in the middle of the midgut
(32). In the middle of the posterior midgut of E. malachiticus
(Curculionidae), there are a lot of gastric caeca (31). However,
unlike these species, there is no clear intestinal caecain the mid-
gut of A. diaperinus (Tenebrionidae) and Epilachna chrysomelina

(Fabricius) (Coleoptera: Coccinellidae) (35,36). They are respon-
sible for secretion and absorption (37). The midgut of Calosoma
sycophanta Linnaeus, 1758 (Carabidae) has numerous closely
packed small villus-like caeca (37).

There are regenerative crypts surrounding the midgut of M. pic-
ta decastigma. They are suppliers of new cells to the midgut ep-
ithelial lining. Similar structures are seen in P. vindex (Scarabaei-
dae), P. pimelia (Dacnidae) and Prostephanus truncatus (Horn)
(Bostrichidae) (19,20,17). In M. picta decastigma, the midgut
epithelium is monolayered columnar cells, as in other species
(32,38).

The proximal ends of the six Malpighian tubules are located
between mid and hindgut in M. picta decastigma, and they are
divisible into two groups: the first group consisting of four tu-
bules and the second consisting of two tubules. Similarly, in
C. asparagi (Chrysomelidae) and P. pimelia (Dacnidae), the Mal-
pighian tubules are six in number and are attached to the ca-
nal at the pyloric valve (20,22). However, the four Malpighian
tubules arise at the posterior end of the foregut in P. vindex
(Scarabaeidae) (19). The Malpighian tubules of A. memnonius
(Coleoptera: Elateridae) are four in number and are attached
at four different points around the circumference of the gut
(25). In M. picta decastigma, histologically they are composed
of large cells with large and oval nuclei. Similar structures have
been observed in other Coleopteran species (26,31,32,34-
36,38-40).

The hindgut in M. picta decastigma is made up of the following
regions, pyloric valve, ileum, colon, and rectum as with most
other species (20-22,31,35,40). In A. diaperinus (Tenebrionidae),
the hindgut is divided into two distinct sections, the anterior
small intestine and the posterior large intestine (36). The hind-
gut in A. bipunctata consists of the ileum, rectum and rectal ca-
nal (12).

lleum epithelial cells in M. picta decastigma are cubic. However,
columnar cells constitute the epithelial layer in the ileum of P
vindex (Scarabaeidae) (19). In M. picta decastigma, the intima in
the ileum has spines. There are spines in the ileum intima of C.
sycophanta (37).

In M. picta decastigma, the distal ends of the Malpighian tubules
also form a layer around the colon as in C. asparagi (Chrysome-
lidae) (22). However, in P. truncatus, the distal ends of the Mal-
pighian tubules are located in the rectum. They have the same
cryptonephric system (17).

There are six rectal pads located on the inner surface of the wall
of the rectum of M. picta decastigma. A similar structure is also
seen in C. sycophanta (37).

CONCLUSION

In the present study, the anatomy and histology of the alimen-
tary tract of M. picta decastigma were examined. These results
were compared with those of other species of Coleoptera. It is
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hoped that this study will contribute to the knowledge of the
digestive system of other Coleopteran species and other in-
sect species. Furthermore, it is hoped that the characteristics
revealed may provide information for future research into the
ecology and biological control of noxious Coleoptera.
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ABSTRACT

Objective: The development of the human placenta depends on proliferation and differentiation of trophoblastic cells.
Deficiencies in trophoblastic functions are known to have a critical role in the progression of placental pathologies such
as preeclampsia. Therefore, in this research, it was aimed to evaluate the responses of trophoblastic cells to tumor necrosis
factor-a (TNF-a) mediated cellular stress.

Materials and Methods: In this study, the cellular stress model was set up by treating JAR cells with 100ng/ml TNF-a for 1,
6, 12 and 24 hour long periods. In this model, the effects of TNF-a on the proliferation capacity and apoptotic activity of JAR
trophoblastic cells were investigated by immunocytochemistry. The nuclear and total expression levels of nuclear factor-xB
(NF-kB) was evaluated with immunocytochemistry and Western blot, respectively.

Results: [t was shown that 100 ng/mlI TNF-a treated cells had a reduced proliferative capacity and increased apoptotic activity
by immunocytochemical staining of PCNA and caspase-8 proteins respectively. In this respect, the NF-kB signaling pathway
plays a critical role in TNF-a induced processes. So that, it was shown that the TNF-a treated group had increased nuclear and
total NF-kB expressions compared to the untreated one.

Conclusion: Our findings showed that TNF-a has a significant role as a cellular stress source in JAR cells. TNF-a stimulated
cellular response could be defined as decreased proliferative capacity, increased apoptotic activity and NF-kB signaling in
JAR syncytiotrohoblastic cell lines. Therefore, investigation of TNF-a related cellular responses especially NF-kB signaling is
further required for the understanding of the mechanism of placental pathologies which is crucial for the development of
therapeutic approaches.

Keywords: Cellular stress, NF-kB signaling pathway, placenta, TNF- a, trophoblastic cells

INTRODUCTION ments (2). Histological evidences suggest a role for tro-

phoblasts in remodeling of the uterine spiral arteries.
The development of the human placenta depends on  The disruption of trophoblastic invasion and incom-
the proliferation and differentiation of trophoblastic  plete remodeling result in reduction of uteroplacental
cells. In this respect, dysfunction of trophoblasts plays  perfusion, which in turn could cause ischemia of the
an important role in the development of placental pa-  placenta. The alterations resulted from ischemic pla-
thologies (1). Therefore, an aberrant development and  centa lead to increased production of oxidative stress
differentiation of the villous syncytiotrophoblast risks  and stimulation of proinflammatory cytokine secre-
the integrity of the placental barrier and causes the  tion. In this connection, it was found that production of
release of necrotic and aponecrotic trophoblast frag-  proinflammatory cytokines such as tumor necrosis fac-
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tor alpha (TNF-a) was increased in placental pathologies includ-
ing preeclampsia (3,4). TNF-a regulates the expression of genes
associated with inflammation, cell survival, proliferation and
differentiation mainly through the activation of the nuclear fac-
tor kB (NF-kB) signaling pathway (5,6). TNF-a is associated with
apoptotic cell death via two distinct caspase-8 activation path-
ways. One of the pathways is regulated by clAP1 (cellular inhib-
itor of apoptosis protein1) and clAP2, the two of which join to
form the signaling complex referred to as complex | that leads
to the activation of the NF-kB pathway (7). On the other hand,
pentoxifylline (PTX), which is a pharmacologic agent used for
improving the circulation, has been reported to have various
effects at the cellular level including inhibition of TNF-a (8,9).

TNF-a gene expression was demonstrated at endometrial cells,
decidual cells and trophoblastic cells during the trimesters of
pregnancy (10). Moreover a group of pregnancy pathologies
was associated with increased maternal TNF-a, which was sug-
gested to influence fetal-maternal crosstalk during pregnancy.
In this respect, because it is difficult to elucidate the role of
TNF-a in such a complex process in in vivo, in vitro experiments
with cell lines treated with recombinant TNF-a could be illu-
minating. Therefore, in this research, it was aimed to examine
the response of trophoblasts to TNF-a mediated cellular stress
in the JAR cell line by the evaluation of proliferative, apoptotic
indexes and expression levels of NF-kB which is a key signal-
ing molecule and to assess the therapeutic potential of PTX in
TNF-a induced interactions.

MATERIALS AND METHODS

Cell Culture

JAR human choriocarcinoma cell line was purchased from the
American Type Culture Collection. The cells were cultured in
Dulbecco’s modified Eagle’s medium/F12 medium with 10%
heat inactivated fetal bovine serum under the humidified at-
mosphere with 5% CO, at 37 °C. First of all, the cells grown on
coverslips were cultured with experimental doses of TNF-a (PI-
RP-10921, Thermo Fisher, MA, USA) ranging from 0.1 to 1000
ng/ml; the optimal dose of TNF-a was determined in accor-
dance with evaluation of NF-kB expressions preliminarily. Then
experimental groups were organized at 1, 6, 12 and 24 h-long
100 ng/ml TNF-a treatment. Afterwards, experimental groups
were set up, treating the cells with 1, 10 and 20 mM doses of
PTX (prepared from 100 mg per injection ampule) in the pres-
ence of TNF-a or not for 1h.

Immunocytochemistry

JAR cells were fixed with cold methanol. Following the incuba-
tion with blocking serum at room temperature, primary anti-
bodies against proliferating cell nuclear antigen (PCNA) (MA1-
16827, Thermo Fisher, MA, USA), caspase-8 (PI-MA1-91442,
Thermo Fisher, MA, USA) and NF-kB p65 (Sc-109, Santa Cruz, CA,
USA) were applied overnight at 4°C. After washing with phos-
phate buffered saline (PBS), biotinylated secondary antibodies
and horseradish peroxidase (HRP) conjugated streptavidin were
applied in order. Finally, after treatment with aminoethyl carba-

zole, the cells were investigated with an Olympus BX-61 bright
field microscope. Proliferation indexes were calculated by tak-
ing the averages of the values obtained by dividing the number
of PCNA positive cells by the total number of cells in each one
of the 5 different areas. The intensities of immunocytochemi-
cal stainings for caspase-8 and NF-kB were semi-quantitatively
scored in accordance with the following grading system: 0 (no
staining), 1+ (weak, but detectable staining), 2+ (moderate or
distinct staining), and 3+ (intense staining). Experiments were
repeated three times and histological scores (HSCORE) were ob-
tained for each slide. HSCORE = X Pi (i + 1), where i represents
the intensity score, and Pi is the corresponding percentage of
the cells (11).

DAPI Staining

The cells cultured on lamellas were treated with 100 ng/ml
TNF-a for 24 h and then fixed with 4% of paraformaldehyde. Af-
ter two times of washing with phosphate buffered saline (PBS)
for 5 min, 4,6-diamidino-2-phenylindole dihydrochloride (DAPI)
stain was applied to detect apoptotic cells with their character-
istic nucleus morphologies (nuclear compaction, fragmenta-
tion or semilunar appearance). The samples were investigated
under an Olympus BX-61 florescence microscopy and apoptotic
indexes were calculated by dividing the number of apoptotic
cells by the total cell number.

Western Blot Analysis

JAR cells grown in different experimental conditions were
washed with ice-cold PBS and scraped from culture flasks and
then lysed with the cell lysis buffer containing a protease in-
hibitor cocktail to extract the total protein. The collected sam-
ples were subjected to electrophoresis on SDS-PAGE gels and
transferred to nitrocellulose membranes. The membranes were
blocked with 5% non-fat dried milk and then incubated with
anti-NF-kB (Sc-109, Santa Cruz, CA, USA) primary antibodies
overnight at 4°C. After washing the membranes with tris-buff-
ered saline containing 0.1% Tween 20 for 15 min, they were
incubated with goat HRP-conjugated anti-rabbit secondary an-
tibody (PI1-31460 Thermo Fisher, USA) for 1 h at room tempera-
ture. Then, following a second washing step, the membranes
were also incubated with HRP-conjugated (-actin primary an-
tibody (Sc-47778, Santa Cruz, CA, USA) as a loading control. The
protein bands were visualized by using 3,3"-diaminobenzidine.
Experiments were repeated three times and band intensities
were quantified by densitometric analysis (Adobe Photoshop
CS5) and normalized to 3-actin readings.

Statistical Analyses

Statistical analyses were performed with Sigma Plot 12.0 soft-
ware packages for the immunocytochemical and Western blot
analyses. The data were presented as mean + standard error
(SE). Analysis between the groups were performed with One
Way ANOVA test followed by Student t-test and non-parametric
Kruskal Wallis-H tests for the immunocytochemistry and West-
ern blot scores respectively. A value of p<0.05 was considered
statistically significant.
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RESULTS

In accordance with our preliminary studies, 100 ng/ml TNF-a
was determined as an optimal dose for cellular stress induction
in JAR cells. In this respect, the effects of cellular stress over the
proliferation capacity of JAR cells were evaluated at the end
of the 6, 12 and 24 h long incubations with TNF-a through the
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Figure 1. Proliferation indexes expressed with percentages (%)
of PCNA positive cells for the control and TNF-a treated cell
groups with different time intervals. 2P<0.05 vs 12- and 24-hour
control groups. °P<0.05 vs control groups. P<0.05 vs 12- and 24-
hour of TNF-a treated cell groups.
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PCNA immunocytochemical analysis. The percentages of PCNA
expressing cells after TNF-a treatment were statistically lower
than the control and PCNA expression tended to increase with
higher incubation time from 6 hr (Figure 1).

Second of all, cellular stress related apoptotic activity in JAR
cells was investigated by evaluation of the immune reactivity
of caspase-8 at the end of the 1, 6, 12 and 24 h of treatment
with TNF-a. The caspase-8 immune reactivities of all the TNF-a
applied groups were significantly higher than the control group
and 1 h of TNF-a treatment brought about the highest caspase-8
immune reactivity (Figure 2A). Furthermore, cells treated with
TNF-a for 24 h were compared with the non-treated ones by
DAPI staining which is specific for DNA in order to show apop-
tosis related morphologic changes (Figure 2B-D). The number
of cells having characteristic apoptotic nuclear morphology in
the TNF-a treated group was significantly higher than the ones
in the control (Figure 2B).

NF-kB signaling is one of the key pathways for the regulation
of expressions of genes related to cell survival and prolifera-
tion, and activated by TNF-a (5,6). Therefore, nuclear NF-kB
expression levels of the JAR cells were evaluated at the end of
the 1-,6-, 12- and 24 h long incubation with TNF-a through the
immunocytochemical (Figure 3A-E and Table 1) and Western
blot analysis (Figure 3F). It was found that 1 h long induction
with TNF-a was effective to induce NF-kB expression signifi-
cantly (Table 1). At this point, we assessed the effects of dif-
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Figure 2. Caspase-8 immune reactivities of control and TNF-a treated cell groups with different time intervals (A). Apoptotic cell
rates for the control and 24-hour TNF-a treated cell groups (B). Representative photomicrographs of control (C) and 24-hour long
TNF-a treated cells (D) (arrow: normal nucleus morphology; star: apoptotic nucleus morphology, 100X).2P<0.05 vs TNF-a treated
cell groups. ®P<0.05 vs 6-, 12- and 24-hour of TNF-a treated cell groups. <P<0.05 vs 12- and 24-hour of TNF-a treated cell groups.
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Figure 3. Representative photomicrographs of nuclear NF-kB immune reactivities in control (A), and 1 h- (B), 6 h- (C), 12 h- (D) and
24 h long (E) 100ng/ml TNF-a treated groups. Total NF-kB and -actin protein levels (F).

the nuclear NF-kB expression induced by 1-h long incubation

Table 1. H scores for nuclear expressions of NF-kB average+SD with 100 ng/ml TNF-a (Figure 4, Table 2).

in the control and TNF-a groups with different time intervals

Groups AveragexSD

Ctrl 169+7

TNF-a (1h) 329+72b .
TNF-a (6h) 219+92

TNF-a (12h) 302+112P

TNF-a(24h) 224+7°

SD: standard deviation, 2P<0.05 vs. control (ctrl) group, ®P<0.05 vs. 6 h and 24 h
long TNF-a treated groups.

ferent doses of PTX, which has been reported as an inhibitory A ¥
molecule for TNF-a on NF-kB expression levels. NF-kB immu- -

S & x
noreactivities disappeared in all of the nuclei of cells treated T % wr -
with only 1 mM, 10 mM and 20 mM PTX. However, it was found 4 Q‘ / vf ]
that only 10 mM PTX was able to completely abolish the basal & ‘Tm # . : »
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Table 2. H scores for nuclear expressions of NF-kB T
average=SD in the control, TNF-a (1h) and PTX groups. e e ;
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SD: standard deviation, 2P<0.05 vs. TNF-a (1h) treated group. (B) treated groups.
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Furthermore, Western blot analysis showed that total NF-kB ex-
pression was slightly increased with the TNF-a treatment and
PTX application reduced total NF-kB expressions significantly
compared to the control and only TNF-a treated ones (Figure 5).
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Figure 5. Graphical representation of average densitometric
ratios of NF-kB to 3-actin. ¥P<0.05 vs control group, **P<0.01
vs TNF-a group.

DISCUSSION

Invasiveness of syncytiotrophoblasts is required for remodel-
ing of spiral arteries during pregnancy. Inadequate invasion of
trophoblasts leads to a deficient rupture of spiral arteries in the
muscular layer, which in turn leads to disruption of utero-pla-
cental circulation (12,13). Interrupted arterial blood supply re-
sults in an increased generation of inflammatory cytokines like
TNF-a (14,15). In this respect, determination of increased level
of TNF-a in the plasma of preeclamptic pregnant women has
shown that TNF-a could be used as an inducing agent for the
establishment of experimental models (16). TNF-a takes part
in induction of rapid transcription of genes associated with
the regulation of proliferation, cell survival, inflammation and
differentiation mainly through activation of the NF-kB path-
way (6). For those reasons, it was aimed to evaluate the effects
of TNF-a as a potential cellular inducer on JAR trophoblastic
cells in our research. First of all, the proliferation indexes of
JAR cells were evaluated and it was found that following 6 h of
incubation with TNF-a, proliferating cell numbers was signifi-
cantly reduced which could be interpreted as TNF-a having an
anti-proliferative effect on trophoblastic cells. Caspase-8 is an
initiator caspase, and is predominantly located in mitochon-
dria as a pro-enzyme and released upon apoptotic stimulation
like TNF-a (17). Caspase-8 is a prototypic caspase of apoptotic
death receptor pathways and activates its ligand by binding to
members of the TNF-a receptor superfamily (18,19). In this re-
spect, at the end of the 1 h, cells treated with 100 ng/mI TNF-a
had significantly higher caspase-8 immune reactivity. As an
initiator caspase, caspase-8 plays an important role in TNF-a
induced cellular stress, which could lead to apoptosis in the
end. In this respect, morphologic changes like nuclear frag-
mentation are a late stage event for apoptosis (20). Therefore,
the long-term effects have been showed by DAPI staining at
the end of the 24 h long incubation with TNF-a. Those results

support that TNF-a could be one of the main cytokine factors
taking part in the placental pathologies, which are associated
with trophoblast apoptosis such as preeclampsia. In addition,
100 nm/ml TNF-a treatment is quite effective for setting up
an in vitro preeclamptic experimental model in trophoblastic
JAR cells. Therefore, we wanted to know the role of the NF-
KB signaling pathway in those processes. In the absence of in-
ducing stimuli, NF-kB molecules are in an inactive state in the
cytoplasm. Upon activation by TNF-a, NF-kB is transferred to
the nucleus, and regulates the associated genes (21,22). In this
respect, the effects of TNF-a treatment on the nuclear NF-kB
expression levels in different time intervals were evaluated. In
our experiments, we showed that a 1 h long induction with
TNF-a brought about a significant increase in the total and
nuclear expression of NF-kB. Even though the nuclear expres-
sion of NF-kB was fluctuating with increasing time of TNF-a
stimulation, the decrease in proliferative capacity and increase
in apoptotic activity are quite consistent with longer incuba-
tion time. Similarly, increased NF-kB expression induced with
TNF-a was demonstrated in ED27 cells, which are immortal-
ized trophoblast-like cells (23). Furthermore, increased NF-kB
expression was also shown for syncytiotrophoblastic cells of
preeclamptic placental tissues (24). As a result, we could de-
fine a positive feedback loop between TNF-a and NF-kB ex-
pressions in JAR trophoblastic cells which possibly participates
in progressive aggravation of inflammation in the placenta.
PTX, which is a methylxanthine derivative and a non-specif-
ic inhibitor of cCAMP phosphodiesterase, is generally applied
as a pharmacologic agent for improvement of circulation in
peripheral vascular disorders (8,25). Moreover, possible ther-
apeutic effects of PTX as an inhibitor of TNF-a synthesis have
been investigated in various diseases (26,27). Importantly, it
was noted that PTX treatment has a reducing effect on plasma
levels of proinflammatory cytokines including TNF in addition
to its antioxidant effects (9). In our study, we investigated the
optimal dose of PTX for inhibition of TNF-a induced NF-kB
expression and it was found that 10 mM PTX application was
quite effective in the reduction of TNF-a stimulated nuclear
expression of NF-kB. It was reported that NF-kB translocation
to nuclei was blocked by PTX application in TNF-a stimulated
vascular smooth muscle cells (28). Therefore, PTX could be a
potential therapeutic agent for the treatment of TNF-a related
placental pathologies.

CONCLUSION

In summary, the present study showed that incubation with
TNF-a leads to a decrease in proliferation capacity and an in-
crease in apoptotic activity and NF-kB signaling in JAR syncy-
tiotrophoblastic cell lines. In addition to all of this, PTX could be
a potential regulatory agent for TNF-a induced cellular stress by
down regulating the nuclear translocation of NF-kB. Further in
vitro and in vivo experiments are required to clarify the effects
of PTX which has the potential to be used as a pharmacologic
therapeutic in TNF-a associated cellular stress of placental pa-
thologies.
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ABSTRACT

Objective: Detecting the level of antioxidant and tissue damage that can occur in liver tissue induced metabolic syndrome
by a high fructose diet in rats and the changes after exercise and/or caloric restriction.

Materials and Methods: Sprague-Dawley male rats were divided into five groups: control (C), metabolic syndrome (M),
metabolic syndrome with exercise (ME), metabolic syndrome with caloric restriction (MCR), and metabolic syndrome with
exercise and caloric restriction (MECR). To induce metabolic syndrome, a 10% fructose solution was given to rats in drinking
water for 3 months. Exercise and caloric restriction were applied to the related groups for 6 weeks after the induction of
metabolic syndrome. Glucose in the blood, lipid peroxidation (LPO), sialic acid (SA), hexosamine, mucin, fucose, glutathione
(GSH) levels, alkaline phosphatase (ALP), tissue factor (TF), superoxide dismutase (SOD), catalase (CAT), and glutathione-S-
transferase (GST) activities were measured in rat liver homogenates.

Results: In the liver, LPO levels increased and TF activities decreased in the M group compared to the C group and increased
in the MCR and MECR groups compared to M group. GSH levels, SOD, and CAT activities decreased in M compared to C
group and increased more significantly in MECR group compared to M group. SA levels increased in MCR and MECR groups
compared with M group. Fucose levels also increased in MECR compared with the all others.

Conclusion: Liver tissue damage that occurs after a fructose diet and decreased antioxidant levels was shown to improve
best in combined exercise and caloric restriction treatment (MECR group).

Keywords: Metabolic syndrome, exercise, caloric restriction, antioxidant-oxidant parameters

INTRODUCTION sedentary lifestyle and physical inactivity (4). The etiol-

) ) ) ) ogy of metabolic syndrome is unclear but is associated
Metabolic syndrome is characterized by a group of risk  \ith 3 variety of factors such as a modern lifestyle, en-
factors including abdominal obesity and/or body mass  \ironmental and hereditary factors, insulin resistance,

index, dyslipidemia, elevated blood pressure, insulin low-grade inflammation, and oxidative stress (4-6).
resistance, and increased markers of proinflammatory

proteins in plasma (1-3). In the European Union, the ep-  The liver is the major tissue of fructose metabolism
idemics of overweight and obesity are associated with  occurrence. Therefore, most toxic effects are observed

Corresponding Author: Aysen Yarat E-mail: ayarat@marmara.edu.tr

Submitted: 09.04.2021 - Revision Requested: 16.04.2021 - Last Revision Received: 18.04.2021 -

Accepted: 18.04.2021 - Published Online: 10.05.2021 @ @ @
Content of this journal is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. BY _NC

15


https://orcid.org/0000-0003-2143-0088
https://orcid.org/0000-0001-5122-4977
https://orcid.org/0000-0003-1193-168X
https://orcid.org/0000-0003-0804-1475
https://orcid.org/0000-0002-2091-9298
https://orcid.org/0000-0003-2419-8587
https://orcid.org/0000-0001-7444-6193
https://orcid.org/0000-0002-8258-6118

Eur J Biol 2021; 80(1): 15-21
Genc-Kahraman et al. Exercise, Caloric Restriction, Liver and Metabolic Syndrome

there after a high-fructose diet. The liver is the initial affected
tissue in Type Il diabetes by oxidative stress due to metabolic
disorder and hepatic insulin resistance (7, 8).

Exercise is an effective method to improve insulin sensitivi-
ty. Glucose transport is increased to insulin sensitive tissues
through exercise (9). The result of weight loss in the diet was
also made with the restriction; a fatal illness that will cause
obesity can be seen to decrease 10-40%. Many studies have
shown that obese individuals can extend their lives as a result
of food restriction or caloric restriction (10-14). When rats only
being allowed less than 40% of the average food intake was
determined, the average and maximum lifespan increased by
25-40% (15).

The aim of this study is to examine the effects of exercise and/
or caloric restriction on rat liver tissue in a metabolic syndrome
model induced by a high fructose diet.

MATERIALS AND METHODS

Chemicals
All chemical reagents used in this study were of analytical grade
and supplied from Merck, Sigma-Aldrich, and Fluka.

Animals

Male Sprague-Dawley rats were obtained from the Experimen-
tal Animal Research Center of Marmara University in Istanbul,
Turkey. The animal facilities and protocol were approved by
the Laboratory Animal Care and Use Committee of Marmara
University in Turkey (101.2013.mar). Fifty-six Sprague-Dawley
male rats were kept in cages in a room maintained at 25+1°C
on a 12 h light/dark cycle and allowed free access to food and
water throughout the study. Normal pellet type rat feed pro-
duced in Istanbul Cobancesme Feed Industry Factories was
used for feeding. It contained 24% protein, 7% cellulose, 8%
crude ash, 2% HCl insoluble ash, 1- 2.8% calcium, 0.9% phos-
phorus, 0.5-0.7% sodium, and 1% sodium chloride. Drinking
water containing 0.6% methionine and 1% lysine and stan-
dard rat feed were administered ad libitum. Provided meta-
bolic energy was 2650 kcal/kg.

Experimental Design

Animals were randomly divided into five groups; control (C),
metabolic syndrome (M), metabolic syndrome with exer-
cise (ME), metabolic syndrome with caloric restriction (MCR),
and metabolic syndrome with exercise and caloric restriction
(MECR). To induce metabolic syndrome, 10% fructose solution
was given to rats in drinking water for 3 months. Exercise (swim-
ming for 30 min 3 times/week) and caloric restriction (40% re-
striction of daily food) were applied to the related groups for
6 weeks after the induction of metabolic syndrome (1). At the
end of the 18 weeks, the rats were sacrificed. Blood samples and
liver tissue were taken and examined.

Blood Glucose Analysis
At the beginning of the experiment (Day 0), in the 3rd month
(Week 12), and end of the experiment (Week 18), blood samples

were taken from the orbital veins of rats under light ether anes-
thesia, and blood glucose levels were measured by glucometer
(Accu-Chek, F. Hoffman-La Roche Ltd, Basel, Switzerland).

Biochemical Analysis

Liver tissue homogenates at 10% (w/v) were prepared. Gluta-
thione (GSH) (16), lipid peroxidation (LPO) (17), sialic acid (SA)
(18), hexosamine (19), mucin (19) and fucose (20,21) levels,
superoxide dismutase (SOD) (22), catalase (CAT) (23), glutathi-
one-S-transferase (GST) (24), alkaline phosphatase (ALP) (25),
and tissue factor (TF) (26) activity in supernatants were mea-
sured by spectrophotometric methods.

Statistics

Statistical analysis was performed using GraphPad Prism 5.0
(GraphPad Software, San Diego, California, USA). All data were
expressed as means + standard deviation. An ANOVA analysis of
variance was used for comparison of multiple groups; a Tukey
test was used for binary comparisons between groups. A p val-
ue <0.05 was regarded as significant.

RESULTS

The blood glucose values at the beginning of the experiment
(Day 0) was found at similar levels in all groups. There was no
statistically significant difference between them. In Week 12,
the blood glucose levels of the M, ME, MCR, and MECR groups,
which were given 10% fructose, increased significantly com-
pared with those at the beginning of the experiment (Day 0).
In Week 18, blood glucose levels in the ME, MCR and MECR
groups decreased significantly compared with those of Week
12 (Figure 1).
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Figure 1. Blood glucose values.

Values were given as meanzSD. C: Control group, M: Metabolic
Syndrome, ME: Metabolic syndrome with exercise, MCR: Metabolic
syndrome with caloric restriction, MECR: Metabolic syndrome with
exercise and caloric restriction. SD: Standard deviation. Dark gray
bar: At day 0, White bar: At 12 week, Light gray bar: At 18" week.
#p<0.05, #¥p<0.001: significantly different from at day 0; **p<0.001:
significantly different from at 12%week.
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In liver tissue, LPO levels increased and TF activities decreased
in the M group compared with the C group. Other tissue dam-
age parameters had no significant difference between the C
group and the M group. LPO levels decreased in the ME, MCR,
and MECR groups compared with the M group. TF activities
decreased in the ME group compared with the C group; it in-
creased in the MCR and MECR groups compared with the M and
ME groups. Because the clotting time is inversely proportional
to the TF activity, the prolonged clotting time is due to lower
TF activity. SA levels increased in the MCR and MECR groups
compared with the M group. Fucose levels also increased in the
MECR group compared to the others (Figure 2).
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In liver tissue, GSH levels decreased in the M group compared
to the C group and increased in the ME, MCR, and MECR
groups compared to the M group. SOD activities decreased
in the M, ME, and MCR groups compared to the C group and
increased in MECR compared to the M, ME, and MCR groups.
CAT activities decreased in the M and ME groups compare
to the C group and increased in the MCR and MECR groups
compared to the M and ME groups. GST activities decreased
in the MECR group compared to the C, M, and ME groups
(Figure 3).
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Figure 2. Liver tissue damage parameters.

Values were given as mean+SD. LPO: Lipidperoxidation, MDA: Malondialdehyde, TF: Tissue factor, SA: Sialic acid, ALP: Alkalen phosphatase,
C: Control group, M: Metabolic Syndrome, ME: Metabolic syndrome with exercise, MCR: Metabolic syndrome with caloric restriction, MECR:
Metabolic syndrome with exercise and caloric restriction. s: Second. SD: Standard deviation. 3p<0.05,°p<0.01, °p<0.001 significantly different from
group G 9p<0.05, °p<0.01, p<0.001 significantly different from group M; 9p<0.05, "p<0.01, p<0.001 significantly different from group ME; Xp<0.05,

mp<0.01, "p<0.001 significantly different from group MECR.
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Figure 3. Liver antioxidant parameters.

Values were given as mean + SD. GSH: Glutathione, SOD: Superoxide dismutase, CAT: Catalase, GST: Glutathione-S-transferase, C: Control group,
M: Metabolic Syndrome, ME: Metabolic syndrome with exercise, MCR: Metabolic syndrome with caloric restriction, MECR: Metabolic syndrome
with exercise and caloric restriction. SD: Standard deviation. 2p<0.05, ®p<0.01, ‘p<0.001 significantly different from group C; ‘p<0.05, ¢p<0.01,
fp<0.001 significantly different from group M; $p<0.05,"p<0.01,'p<0.001 significantly different from group ME; Xp<0.05, "p<0.01, "p<0.001 significantly

different from group MECR.

DISCUSSION

Metabolic syndrome is an endocrinopathy characterized by
insulin resistance, abdominal obesity, hyperinsulinemia, hy-
pertension, and dyslipidemia (1). This disease emerges with a
modern lifestyle, characterized with overeating and physical
inactivity. Specifically, fructose rich diets are known to trigger
other diseases with obesity (27).

Either a high fructose containing diet or drinking water is the
most commonly used method to create a metabolic syndrome
model with experimental animals (28-31). Fructose, depend-
ing on the dose and duration of use, is associated with a broad
spectrum of pathologies such as glucose intolerance, insulin
resistance, dyslipidemia, hypertension, and fatty liver, as well as
indirectly clogging of heart and brain vessels (31, 32).

Recent studies have shown that being fed water containing
10% fructose for 6 or 8 weeks has led to an increase of triglycer-
ide (TG), insulin, and glucose levels in plasma/serum (33-35).
There was a study where a fructose diet caused an increase of
a homeostatic model assessment (HOMA) value, endothelial
dysfunction, and smooth muscle proliferation (36). It has also
been shown that high fructose increased oxidative stress in the
serum in rats (8, 29, 37,38). In agreement with these studies, we
reported that after being fed 10% fructose for 18 weeks, Week
12 and 18 blood glucose values were found to be significantly

higher compared to the beginning of the experiment. The end
of the experiment blood glucose of the rats in the MECR group
decreased compared with Week 12 blood glucose.

Reactive oxygen species (ROS) cause oxidative stress and lead
to oxidative damage in various tissues. This case leads to the
depletion of the antioxidant system elements (SOD, CAT, vi-
tamins C and E, reduced GSH), the development of cell injury
induced by various inflammatory mediator molecules, organ
dysfunction, and death. Kannappan et al. reported an increase
in plasma glucose, insulin levels, and HOMA values as well as an
increase in MDA, LPO, and PCO levels of livers and a decrease
in GSH, SOD and vitamin E and C levels, CAT, GPx (glutathione
peroxidase), glutathione reductase, and GST activity in rats fed
with a diet containing 60% fructose for 2 months (8). In our
study, in accordance with these studies, we found an increase
in LPO levels and a decrease in GSH levels and CAT and SOD
activity in the livers of rats given drinking water containing 10%
fructose. We found no significant difference in GST activity.

There have been several studies that have examined the ben-
eficial effects of exercise on human health (39-41). Energy pro-
duction and consumption increase parallel to muscle activity.
Oxygen consumption increases directly proportional to the in-
tensity of exercise. Also, during exercise, production of ROS in-
creases because of increased oxygen consumption. It has been
pointed out that acute heavy exercise may cause tissue damage
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and the rise of LPO, but regular physical activity can increase
antioxidant capacity and can decrease LPO (40-42).

Alipour et al. have designed a running exercise for 8 weeks in a
group of rats in which they had induced diabetes. They found
increased values of LPO in the hippocampus zone of the rats
for the diabetes and diabetes+exercise groups compared to
the control group of rats. SOD, CAT, and GPx activities were de-
tected to have decreased in the diabetic group and to have in-
creased in the exercise group compared with the control. SOD
and GPx activities increased significantly in the diabetes + exer-
cise group compared with the diabetic group (43). In our study,
the blood glucose levels of the exercise group of Week 18 de-
creased compared to those of Week 12. Although this decrease
with exercise was significant, blood glucose levels remained
significantly higher in the exercise group compared with the
control group.

Lima et al. have designed a running exercise for 9 weeks in one
group of rats, which they have created a model of diabetes. In-
creased TG levels in the livers of diabetic rats decreased in the
diabetic rats that exercised. It was reported that SOD and CAT
activities increased in the exercise group compared with the
control and also in the diabetes+exercise group compared with
the diabetic group (44). In our study, only increased significant-
ly compared with the level of GSH in the ME group while the
LPO levels were significantly decreased in the liver. Our study
has shown that in liver tissue, the levels of GSH of the exercise
group increased significantly and that the levels of LPO de-
creased significantly compared to the M group. There is no sig-
nificant difference in the SOD, CAT, and GST activities. Moreover,
SOD and CAT activities decreased compared to the control. Ex-
ercise was not enough to improve the activities of antioxidant
enzymes in the livers of rats with metabolic syndrome. The ex-
ercise protocol may be heavy to rats with metabolic syndrome,
and antioxidant enzymes in the liver may be caused by the loss
of activity.

Caloric restriction is the reduction of food intake lower than
the level of ad libitum, without becoming malnutrition. The
generation of free radicals and oxidative damage is reduced by
caloric restriction (45). Therefore, caloric restriction is a method
used in research in order to prevent or delay the onset of dis-
eases such as diabetes, cancer, and cardiovascular disease (46).
Caloric restriction preserves -cell function, prevents the onset
of diabetes caused by the excessive production of free radicals,
and provides treatment, all of which makes it clinically import-
ant (47). It is suggested that caloric restriction can improve the
inflammatory state of the liver in mice with mild fibrotic livers
and that of aged mice (48).

Mohammadi et al. reported that SOD and GPx activity increased
significantly and LPO levels decreased in the livers of rats to
which caloric restriction was applied (49). In this study we found
an increase in GSH levels and CAT activities and a decrease in
LPO levels of the MCR group compared with the M group in
liver tissues. However, we found no difference in SOD and GST

activities. Caloric restriction and exercise applied separately is
not enough to increase liver antioxidant enzyme levels of rats
with metabolic syndrome.

TF is a transmembrane receptor and cellular initiator of coag-
ulation extrinsic pathways (50). TF plays a main role in throm-
bosis and thrombogenesis (51).TF is known to have different
activities in various tissues and bodily fluids and is affected by
diet and systemic diseases (52-55). In the method of determi-
nation of TF activity, it should be noted that the clotting time
is inversely proportional to the TF activity (52-55). Otherwise, it
may cause a misunderstanding of the results. In the liver, the TF
activity of the M and ME groups decreased compared with the
C group. The TF activity increased in the MCR and MECR groups
compared with the M and ME groups.

Another parameter studied in the liver tissue is ALP. There was
no significant difference between the M and C group. ALP is one
of the tests used as indicators of cholestasis rather than the de-
struction of liver cells (56). We found an increase in the livers
of the ME group, but it was not significant. The reason for this
could be a physiologic increase of ALP activity after exercise
(57). ALP values decreased in the MECR group compared to the
ME group. Exercise with caloric restriction seems to be the most
effective way to reduce the level of ALP.

SA is a nine-carbon sugar derived from neuraminic acid, and
it forms the terminal sugar component of glycoproteins and
glycolipids. Sialidase activity increases as a result of oxidative
stress, and it cleaves SA from end portions of glycoproteins and
glycolipids and leads to the increase in free SA in body fluids
(58). Serum SA levels were found to be increased in many oth-
er diseases associated with inflammation, such as Behcet’s dis-
ease, central nervous system diseases, cardiovascular diseases,
bacterial infections, and rheumatoid arthritis (59). The SA con-
centrations in the blood of patients with metabolic syndrome
have been reported to be significantly higher (60). In this study,
in liver tissue, there was no significant difference between the
C and M groups in the levels of SA. Liver tissue SA values were
detected to be significantly increased in the MCR and MECR
groups compared with the M and ME groups.

Carbohydrates play a central role in the development of chron-
ic diabetic complications. Glycoproteins, which are carbohy-
drate-linked protein macromolecules found on the cell surface,
are one of the principal components of animal cells. Hexose,
hexosamine, fucose, and sialic acid are the basic sugar compo-
nents found in glycoproteins and glycosaminoglycans. Glyco-
protein metabolism plays a major role in the pathogenesis of
diabetes mellitus. Glycoproteins have multiple and complex
functions and are found as hormones, enzymes, and blood
group substances and as constituents of extracellular mem-
branes (61, 62). They play an important role in functions such
as cell differentiation and recognition, membrane transport, and
the absorption of macromolecules (63). In a hyperglycemic state,
high blood glucose levels accelerate the synthesis of basement
membrane components, such as glycoproteins (64). In the liver,
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we found no differences in hexosamine and mucin parameters,
but fucose increased significantly in the MECR group compared
with all other groups. Exercise plus caloric restriction did not re-
duce the fucose value, rather it increased even further.

CONCLUSION

Liver tissue damage that occurs after a fructose diet and de-
creased antioxidant levels were shown to be improved best
in combined exercise and caloric restriction treatment (MECR
group).
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ABSTRACT

Objective: Nephrotoxicity may decrease the clinical use of acyclovir (ACV). Curcumin (CUM) is used traditionally as treatments
for some diseases. This study examined the protective effect of CUM against ACV-induced nephrotoxicity in rats.

Materials and Methods: Forty-five male Wistar rats (240-250g) randomized into nine groups (n=5) were used. Group
1(Placebo control) received water (0.2mL/day) intraperitoneally (i.p) whereas group 2 (Solvent control) received corn oil
(0.2mL/day) per oral (p.o) for 7 days. Groups 3-5 received CUM (25, 50 and 100 mg/kg/day p.o) for 7 days. Group 6 received ACV
(150 mg/kg/day i.p) for 7 days. Groups 7-9 were pre-treated with CUM (25, 50 and 100 mg/kg/day p.o) before the treatment
with ACV (150 mg/kg/day i.p) for 7 days. On day 8, the rats were anesthetized; blood samples were collected and evaluated for
serum biochemical indices. The k idneys were weighed and assessed for histology and oxidative stress indices.

Results: ACV produced no significant (p>0.05) effects on the body and kidney weights of rats when compared to control.
ACV caused significant (p<0.001) elevations in serum creatinine, urea, uric acid and kidney malondialdehyde levels when
compared to control. ACV significantly (p<0.001) decreased kidney glutathione,catalase, glutathione peroxidase, superoxide
dismutase, serum total protein, albumin, potassium, chloride, sodium and bicarbonate levels when compared to control.
Tubular necrosis and hypercellular glomerulus with mesangial proliferation occurred in the ACV-treated rats. ACV-induced
nephrotoxicity was abrogated in a dose-related fashion by CUM 25mg/kg (p<0.05), 50mg/kg (p<0.01) and 100mg/kg
(p<0.001) when compared to ACV.

Conclusion: CUM may clinically prevent ACV-induced nephrotoxicity.
Keywords: Acyclovir, Curcumin, Kidney, Toxicity, Protection, Rat

INTRODUCTION

The kidney regulates body homeostasis through its
excretory functions and important metabolic activities
in the tubular epithelial cells. It is involved in the syn-
theses of hormones, and the degradation of low-mo-
lecular-weight proteins and peptides (1). The kidney is
a major route of drug excretion, which predisposes it
to nephrotoxicity. Drug-induced nephrotoxicity is an
important cause of acute and chronic renal failure (2).
Drugs have been responsible for 19%-25% of acute re-
nal failure in patients admitted in hospitals (3, 4).

Acyclovir (ACV), an antiviral drug, is used for the treat-
ment of varicella-zoster and herpes simplex virus in-
fections (5, 6). It is well tolerated, but can cause neph-
rotoxicity, which often leads to acute renal failure (7, 8).
Epidemiology showed it may cause nephrotoxicity in
12% to 48% of patients (6, 9). The nephrotoxic effect of
ACV is primarily characterized by elevated plasma urea
and creatinine levels and abnormal urine sediments (10,
11). It can also be characterized by degenerative alter-
ations in tubular epithelial cells such as tubular necrosis
(10, 11). The mechanisms by which ACV causes nephro-
toxicity have been speculated to involve direct assault
on renal tubular cells and oxidative stress (11, 12).
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Curcumin (CUM) (1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-hep-
tadiene-3,5-dione) also known as diferuloylmethane is a nat-
ural yellow orange dye derived from the rhizome of Curcuma
longa Linn., belonging to Zingiberaceae family (13, 14). CUM is
a polyphenol, which has been shown to target multiple signal-
ing molecules. It has activity at the cellular level with multiple
health benefits (15). It is locally used as treatments for inflam-
mation, metabolic syndrome, microbial infections, pain, and
degenerative eye conditions (16-18). Potential effect of CUM
as an antidote against toxicities, such as hepatotoxicity (19)
nephrotoxicity (19) and cardiotoxicity (20) in animal models has
been documented. Scientific information showed no study on
the protective effect of CUM against animal models of ACV-in-
duced nephrotoxicity, thus this study examined its protective
effect against a rat model of ACV-induced nephrotoxicity.

MATERIALS AND METHODS

The guideline for the use of animals in experiments promul-
gated by the European Parliament and the Council was used
for this study. Forty-five adult male Wistar rats were purchased
from the animal breeding facility of the Department of Phar-
macology/Toxicology, Faculty of Pharmacy, Niger Delta Uni-
versity, Bayelsa State, Nigeria. The rats were randomized into
9 groups of n=5 and allowed to acclimatize for 2 weeks prior
to the experiment under 12/12-hour light and dark cycles with
ad libitum access to diet and water. The study was approved by
the Research Ethics Committee (NDU/PHARM/AEC/046) of the
Department of Pharmacology/Toxicology, Faculty of Pharmacy,
Niger Delta University, Bayelsa State Nigeria.

Animal Treatment

Group | (Placebo control) was treated with water (0.2mL) in-
traperitoneally (i.p) daily for 7 days. Group 2 (Solvent control)
was treated with corn oil (0.2mL) per oral (p.o) daily for 7 days.
Groups 3-5 were treated with CUM (25, 50 and 100 mg/kg/p.o)
in corn oil (21) daily for 7 days. Group 6 was treated with ACV
(150 mg/kg/i.p) (22) daily for 7 days. Groups 7-9 were supple-
mented with CUM (25, 50 and 100 mg/kg/p.o) prior to the treat-
ment with ACV (150 mg/kg/i.p) for 7 days. Peperine (20mg/kg)
was added to CUM to improve bioavailability (21).

Animal Sacrifice and Collection of Samples

On day 8, the rats were anesthetized in a diethyl ether chamber
and blood samples were collected through cardiac puncture
and allowed to clot. The clots were centrifuged (1500 rmp for
20 min) and serum samples were extracted. The serum samples
were used for biochemical investigations. The kidneys were
collected through dissection, rinsed in physiological saline and
homogenized in buffered (pH 7.4) 0.1 M Tris-HCl solution. The
homogenates were centrifuged (2000 rmp for 20 min), and
the supernatants were decanted and used for oxidative stress
markers investigations.

Assessment of Serum Biochemical Markers

Serum total protein, albumin, creatinine, uric acid, urea, sodi-
um, potassium, chloride and bicarbonate concentrations were
measured using laboratory test kits according manufacturer’s
specification.

Assessment of Kidney Oxidative Stress Markers
Malondialdehyde (MDA) was measured according to the meth-
od reported by Buege and Aust, 1978 (23). Catalase (CAT) was
measured as described by Aebi, 1984 (24). Superoxide dismutase
(SOD) was analyzed as described by Sun and Zigman, 1978 (25).
Glutathione (GSH) was determined using the method described
by Sedlak and Lindsay, 1968 (26). Glutathione peroxidase (GPx)
was determined as reported by Rotrucket al. 1973 (27).

Statistical Analysis

Values are expressed as mean = SEM, n=>5. Values were analyzed
using one-way analysis of variance (ANOVA) followed by Dun-
nett’s multiple comparison tests. Graph Pad prism 5 (San Diego,
CA) soft ware was used for computation. A probability value less
than 0.05.0.01, 0.001 was considered significant.

RESULTS

Effect of Curcumin on Body and Kidney Weights of Acyclovir-
Treated Rats

The rats treated with CUM showed (p>0.05) no difference in
body and kidney weights when compared to control. Also,
body and kidney weights were not different in the ACV-treated
rats (p>0.05) when compared to control (Table 1).

Table 1. Effects of curcumin on body and kidney weights of acyclovir-treated rats.

Group Final body weight (g)* Absolute kidney weight (g)* Relative kidney weight (%)*
Control (Placebo) 240.8+13.5 0.65+0.07 0.27+0.06
Control(Solvent) 245.0+£15.9 0.67+0.01 0.28+0.01
CUM 25 mg/kg 250.1+16.0 0.60+0.03 0.24+0.01
CUM 50 mg/kg 245.7+14.1 0.66+0.01 0.27+0.07
CUM 100 mg/kg 257.3+164 0.61+0.04 0.24+0.05
ACV 150 mg/kg 240.8+17.2 0.67+0.06 0.29+0.01
CUM 25 mg/kg+ACV 245.4+14.0 0.63+0.07 0.26+0.03
CUM 50 mg/kg+ACV 244.7+18.2 0.60+0.08 0.25+0.06
CUM 100mg/kg+ACV 245.0+16.6 0.59+0.05 0.24+0.02

*Values are shown as mean+SEM; n=5; CUM: Curcumin; ACV: Acyclovir; SEM: Standard error of mean.
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Effect of Curcumin on Serum Biochemical Markers of
Acyclovir-Treated Rats

Treatment with CUM did not produce significant (p>0.05) ef-
fects on serum total protein, albumin, uric acid, creatinine and
urea levels in comparison to control. In contrast, serum uric acid,
creatinine and urea levels were significantly (p<0.001) increased
whereas total protein and albumin levels were significantly
(p<0.001) decreased in the ACV-treated rats when compared
to control (Table 2). However, CUM (25, 50 and 100 mg/kg) sup-
plementation significantly decreased serum uric acid, creatinine
and urea levels, but significantly increased serum albumin and
total protein levels in a dose-related fashion at p<0.05, p<0.01
and p<0.001, respectively when compared to ACV (Table 2).

Effect of Curcumin on Serum Electrolytes of Acyclovir-
Treated Rats

Treatment with CUM had no significant (p>0.05) effects on
serum electrolytes in comparison to control. However, signifi-
cant decreases in serum electrolytes were observed in the ACV
-treated rats when compared to control (Table 3). Interesting-
ly, CUM (25, 50 and 100 mg/kg) supplementation significantly
increased serum electrolytes at p<0.05, p<0.01 and p<0.01, re-
spectively when compared to ACV (Table 3).

Effect of Curcumin on Kidney Oxidative Stress Markers of
Acyclovir-Treated Rats

Treatment with CUM did not produce significant (p>0.05) ef-
fects on kidney MDA and antioxidant (GPx, SOD, GSH, and CAT)

Table 2. Effect of curcumin on serum biochemical markers of acyclovir-treated rats.

Group Urea (mg/dL)* Creatinine (mg/dL)* Uric Acid (mg/dL)* Total Protein (g/dL)* Albumin (g/dL)*
Control (Placebo) 14.84+1.32 0.67+0.45 1.41£0.06 4.00+0.52 3.09+0.22
Control (Solvent) 14.06£1.00 0.69+0.11 1.53+£0.09 4.11£0.62 3.13+£0.70
CUM 25 mg/kg 14.62+1.54 0.65+0.08 1.39+0.07 4.02+0.78 3.11+0.45
CUM 50 mg/kg 14.76+1.00 0.66+0.06 1.37£0.01 4.04+0.61 3.14+0.64
CUM 100 mg/kg 14.48+1.24 0.63+0.01 1.35+0.16 4.07£0.17 3.16+0.73
ACV 150 mg/kg 38.91+4.51° 2.59+0.44° 4.30+0.75° 1.30+0.61° 1.01+0.07°
CUM 25 mg/kg+ACV 29.64+3.21° 2.00+0.36° 3.10+0.67° 2.10+0.56° 1.40+0.09°
CUM 50 mg/kg+ACV 21.34+2.78¢ 1.32+0.10¢ 2.37+0.91°¢ 2.87+0.69° 2.01+0.27¢
CUM 100mg/kg+ACV 16.16+1.48¢ 0.80+0.06¢ 1.63+0.55¢ 3.88+0.75¢ 2.87+0.86¢

*Values are shown as mean+SEM. n=5; CUM: Curcumin; ACV: Acyclovir; SEM: Standard error of mean. p<0.001 when compared to control. °p<0.05 when compared

to ACV, p<0.01 when compared to ACV, ¢ p<0.001 when compared to ACV.

Table 3. Effect of curcumin on serum electrolytes of acyclovir-treated rats.

Group Potassium (mmo/L)* Chloride (mmo/L)* Sodium (mmo/L)*  Bicarbonate (mmo/L)*
Control (Placebo) 3.63+0.19 112.93+13.8 147.83+14.3 10.65+1.66
Control (Solvent) 3.71+0.23 117.02+10.1 149.27+16.7 10.91+1.91

CUM 25 mg/kg 3.62+0.04 111.60+13.0 146.24+16.0 10.26+1.46

CUM 50 mg/kg 3.60+0.30 110.05+10.4 149.05+13.8 11.03+2.49

CUM 100 mg/kg 3.58+0.06 109.84+15.2 145.91+17.1 10.31+1.01

ACV 150 mg/kg 2.40£0.17° 58.73+5.332 78.50+5.64° 4.10+0.272

CUM 25 mg/kg+ACV 3.10+£0.06° 79.92 +4.17° 99.14+7.16" 6.00+0.07°

CUM 50 mg/kg+ACV 3.51£0.43¢ 99.26 +£8.33¢ 139.87 £9.66°¢ 8.70+1.01°¢

CUM 100mg/kg+ACV 3.60£0.36°¢ 100.03+11.5¢ 140.03x12.1¢ 10.24£1.12¢

*Values are shown as mean+SEM. n=5; CUM: Curcumin; ACV: Acyclovir; SEM: Standard error of mean. p<0.01 when compared to control. °p<0.05 when compared to

ACV, <p<0.01.
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Table 4. Effect of curcumin on kidney oxidative stress and antioxidant markers of acyclovir-treated rats.

Group MDA GSH CAT SOD GPx
(mmol/mg protein)* (umole/mg protein)* (U/mg protein)* (U/mg protein)* (U/mg protein)*

Control (Placebo) 0.17+0.08 20.01+2.47 29.76%4.67 25.46%3.54 25.07+4.71
Control (Solvent) 0.18+0.01 20.53£1.67 29.93+3.88 26.03+2.37 25.35+3.35
CUM 25 mg/kg 0.16+0.05 20.47+2.55 30.07+4.21 25.61£3.75 25.16£3.03
CUM 50 mg/kg 0.16+0.01 20.70+3.86 30.25%3.72 25.72+3.32 25.36+4.22
CUM 100 mg/kg 0.15+0.08 21.04+£2.73 30.44+4.21 25.91+3.68 25.52+3.51
ACV 150 mg/kg 3.12+0.16° 5.51£0.45° 8.11x1.27° 7.32£0.11° 8.065+0.93°
CUM 25 mg/kg+ACV 2.59+0.23° 8.84+0.86° 12.76+0.43° 11.74£3.17° 12.14+1.43°
CUM 50 mg/kg+ACV 2.00+£0.44°¢ 12.93+2.55¢ 18.35+1.07¢ 17.40+3.00¢ 17.56+2.25¢
CUM 100mg/kg+ACV 0.23+0.09¢ 18.45+2.424 26.27+3.24¢ 23.75+3.63¢ 22.15+2.11¢

*Values are shown as mean+SEM. n=5; SEM: Standard error of mean; CUM: Curcumin; ACV: Acyclovir; MDA: Malondialdehyde; GSH: Glutathione; CAT: Catalase;
SOD: Superoxide dismutase; GPx: Glutathione peroxidase; 2p<0.001 when compared to control. ®p<0.05 when compared to ACV, p<0.01 when compared to ACV,

4p<0.001 when compared to ACV.

levels when compared to control. On the other hand, treatment
with ACV significantly (p<0.001) increased kidney MDA level,
but significantly (p<0.001) decreased kidney antioxidant levels
when compared to control (Table 4). However, significant in-
creases in kidney antioxidants with significant decreases in kid-
ney MDA levels were observed in CUM (25, 50 and 100 mg/kg)
supplemented rats in a dose-related fashion at p<0.05, p<0.01
and p<0.001, respectively when compared to ACV (Table 4).

Effect of Curcumin on Kidney Histology of Acyclovir-Treated
Rats

The kidney of the control rat showed normal glomerulus and
renal tubule (Figure 1A), but the kidney of ACV-treated rat
showed hypercellular glomerulus with mesangial proliferation
and tubular necrosis (Figure 1B). The kidney of CUM (25 mg/kg
and 50 mg/kg) supplemented rats showed hypercellular glom-
eruli with mesangial proliferation and normal renal tubules
(Figures 1C and D) respectively. However, the kidney of CUM
(100 mg/kg) supplemented rat showed normal glomerulus and
renal tubule (Figure 1E).

DISCUSSION

ACV-induced nephrotoxicity is a serious adverse effect, which
can affect treatment outcomes (28). Studies have reported var-
ious forms of nephrotoxicity caused by ACV including crystal
nephropathy, acute interstitial nephritis, acute tubular necrosis
and obstructive nephropathy (12, 29). Therapeutic outcomes
and patients well-being can be significantly improved by curtail-
ing the nephrotoxic menace of ACV. CUM has shown therapeu-
tic activities against some animal models of diseases (30). This
study assessed the protective effect of CUM on ACV-induced
nephrotoxicity in rats. The current study supplemented the rats
with CUM prior to the induction of nephrotoxicity with ACV. All
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evaluated renal markers were normal in the CUM-treated rats.
On the other hand, ACV had a negative impact on the kidneys
of the treated rats by elevating serum creatinine, urea, and uric
acid levels. Similarly, Lu et al. (31) reported elevated levels of
the aforementioned renal biochemical markers in ACV-treated
mice. The kidney accounts for about 60%-90% of ACV elimina-
tion. ACV is relatively insoluble in urine; it is filtered by glomer-
uli and secreted by renal tubules (32). Therefore, ACV crystals
can be deposited in renal tubules leading to the obstruction
of nephron causing increased resistance to renal blood flow
and the elevation of serum creatinine, urea, and uric acid levels
(31, 32). ACV might have also reduced glomerular filtration rate
(GFR) through the induction of renal oxidative stress leading to
increased serum creatinine, urea, and uric acid levels. Oxidative
stress can induce vasoactive mediators, which can cause renal
vasoconstriction or decreased glomerular filtration capacity
(33). However, CUM supplementation restored serum creati-
nine, urea, and uric acid levels in a dose-related fashion. Simi-
larly, Haung et al. (34) reported restored serum renal markers in
cyclosporine-induced renal dysfunction in rats supplemented
with CUM. In the current study, CUM might have restored the
aforementioned renal markers by inhibiting ACV-induced renal
obstruction, and oxidative stress, thereby increasing GFR.

The ACV-treated rats showed decreases in serum electrolytes
(sodium, potassium, chloride and bicarbonate), total protein
and albumin levels. Some studies have also documented elec-
trolytes and protein abnormalities associated with ACV-ad-
ministration (35). The observation in the current study can be
ascribed to ACV-induced increased urinary excretion of the
aforementioned parameters. However, serum electrolytes, total
protein and albumin levels were stabilized by CUM supplemen-
tation in a dose-related fashion. In accordance with this finding,
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Figure 1. Kidney histology of control (A), ACV-treated (B), ACV+CUM (25 mg/kg)-treated (C), ACV+CUM (50 mg/kg)-treated (D) and
ACV+CUM (100 mg/kg)-treated (E) rats. Control rats showed normal glomerulus and renal tubule (A), while ACV-treated rats were char-
acterized by hypercellular glomerulus with mesangial proliferation and tubular necrosis (B). CUM (25 and 50 mg/kg) administrations to
ACV-treated rats resulted in hypercellular glomerulus with mesangial proliferation and normal renal tubule (C and D). CUM (100mg/kg)
supplementations led to normal glomerulus and renal tubule structure in ACV-treated rats. g: glomerulus; r: renal tubule. Hematoxy-
lin-Eosin, x 400.
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some scholars reported that CUM supplementation improved
serum electrolytes and protein levels in a rat model of adriamy-
cin-induced renal dysfunction (36). In the current study, CUM
might have stabilized serum electrolytes, total protein and al-
bumin levels by decreasing renal wastage.

ACV also had a negative impact on kidney redox status by
decreasing kidney antioxidants (SOD, CAT, GSH and GPx) and
increasing MDA concentrations. ACV might have decreased
kidney antioxidant concentrations via the induction of oxida-
tive stress as a consequence of ROS generation. The generated
ROS might have depleted kidney antioxidants and caused the
oxidation of renal lipids (polyunsaturated fatty acid), thereby
increasing MDA level (34). Lu et al. (31) also suggested that oxi-
dative damage may be an essential index for ACV-induced renal
dysfunction. In the current study, antioxidants were increased
whereas MDA levels were decreased in a dose-related fashion in
CUM supplemented rats. This finding may be due to the inhib-
itory impact of CUM on ACV-induced renal oxidative stress by
scavenging ROS. This might have increased kidney antioxidant
activity, thus facilitating ROS incapacitation by antioxidants and
decreased kidney MDA levels.

More so, the alteration in kidney morphology of ACV-treated
rats was characterized by hypercellular glomerulus with me-
sangial proliferation and tubular necrosis. The observations in
ACV-treated rats have been previously documented (37, 22).
The observed changes in the kidney morphology of ACV-treat-
ed rats may be a consequence of oxidative stress-induced
kidney biomolecular damage (38). Oxidative stress causes lip-
id peroxidation (LPO). LPO is a process by which free radicals
attack lipids especially polyunsaturated fatty acids causing
alterations in the physical properties of cellular membranes
leading to covalent modifications of proteins and nucleic acids
stimulating cytotoxicity, cell necrosis and apoptosis (39). In this
study, kidney morphology was restored by CUM supplemen-
tation. This observation correlates with Tirkey et al. (40) who
reported the ability of CUM to restore kidney morphology in
cyclosporine-induced renal dysfunction in rats. Palipoch, et al.
(41) also reported improved kidney histology caused by CUM
supplementation against cisplatin-induced nephrotoxicity
in rats. In the present study, the restored kidney morphology
caused by CUM supplementation might be due to the inhi-
bition of ACV-induced kidney oxidative stress, thus arresting
kidney LPO and preventing structural and functional dam-
age of kidney biomolecules. CUM might have offered renal
protection as a chain-breaking antioxidant, which scavenges
and eliminates free radicals such as singlet oxygen, hydroxyl
radical, superoxide radicals and peroxyl radicals, which are
inducers of oxidative stress (42-44). The inhibitory action of
CUM on hydroxyl radical and peroxyl radicals might have pre-
vented kidney proteins and nucleic acids modifications, which
might have occurred due to LPO. CUM might have prevented
ACV-induced kidney oxidative stress by inhibiting free radi-
cal-generating enzymes. Studies have associated CUM with
inhibitory action on free radical-generating enzymes such as
lipoxygenase/cyclooxygenase and xanthine hydrogenase/ox-
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idase (45, 46). CUM might have also offered renal protection
by inhibiting ACV-induced renal inflammation. Studies showed
that CUM can reduce inflammation by inhibiting the activities
of pro-inflammatory mediators including leukotrienes and cy-
tokines (47).

CONCLUSION

Based on the findings in the current study, CUM supplemen-
tation abrogates ACV-induced nephrotoxicity in a dose-relat-
ed fashion. It may have clinical application for ACV-associated
nephrotoxicity.
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ABSTRACT

Objective: Free-living amoeba (FLA) are protozoa living in soil and in natural and man-made water systems. They attract
much attention owing to the illnesses associated with them and to their relationships with bacteria. In this study, the effect of
cell-free supernatant (CFS) obtained from FLA against Staphylococcus was investigated.

Materials and Methods: Environmental FLA strains (A1, A2, A3) were obtained from lake water and swimming pools in
Istanbul. Acanthamoeba castellanii ATCC 50373 was used as the standard strain. Clinical Staphylococcus strains (S1, 52, S3) were
obtained from a culture collection at Istanbul University, Faculty of Pharmacy, Department of Pharmaceutical Microbiology.
As standard strains, MRSA ATCC 43300, S. epidermidis ATCC 12228, S. aureus ATCC 29213 were used. FLA-CFS were obtained
by centrifuging and filtering of axenic cultures. Colony counting technique was used to investigate the inhibition activities of
FLA-CFS against Staphylococcus bacteria.

Results: Against MRSA ATCC 43300 strain, CFSs of A. castellanii ATCCC 50373 and A1 showed an inhibition efficiency of 78.36%
and 73.47%, respectively. Against S1 strain, CFSs of A. castellanii ATCCC 50373 and A2 showed an inhibition of 65.64% and
15.14%, respectively. Against S. aureus ATCC 29213, only A1-CFS showed inhibitory effect (44%). It was found that A. castellanii
ATCC 50373 and A2-CFSs inhibited the S2 strain 26.20% and 9.24% respectively. Against S3 strain, A2-CFS was inhibitory at
33.33%. No FLA-CFS could be inhibitory against S. epidermidis ATCC 12228.

Conclusion: It is necessary to devise new studies in which sample numbers are increased when using FLA strains in the
inhibition of antibiotic-resistant bacteria.

Keywords: Free-living amoeba, Staphylococcus infections, Acanthamoeba, antibacterial effect, cell-free supernatant,
antibiotic resistance

INTRODUCTION exist in adverse environmental conditions (starvation,
temperature changes, pH changes, etc.) (10). Pathogen-
ic FLA for humans are Naegleria fowleri, Acanthamoeba
spp., Balumuthia mandrillaris, and Sappinia spp (5, 11).
Along with their pathogenicities, FLA also attracted

Free-living amoeba (FLA) are eukaryotic microorgan-
isms living in soil, air, sea water, fresh water and man-
made water systems (pools, cooling towers, water
pipes, etc.) (1-8). They have two stages in their lifecycle,
namely trophozoite and cyst (9). Trophozoites are met- scientists’ attention due to their interactions with other
abolically active, feeding, mobile forms which trans-  microorganisms in the environments in which they live.
form into cysts. The latter are inactive metabolicallyand  In this collective living, they play important roles in the
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regulation of microorganism population and microbial ecolo-
gy (12, 13): i) They use some bacteria, fungi, and algae as food
(10, 14, 15). i) Some bacteria which can enter inside FLA find
themselves isolated from adverse environmental conditions
(antibiotics, disinfectants, etc.) and they find the opportunity to
multiply (16-19). After this, they can cause lysis of FLA cells (20).
iif) They can inhibit some bacteria which does not enter inside
FLA cells (non-fagocyting). Very scarce studies in recent years
show these abilities (21-24).

Recently, increasing antibiotic resistance has become an im-
portant problem in the treatment of bacterial infections. Every
year, about 2.9 million infections owing to the presence of anti-
biotic-resistant bacteria occur and about 36 thousand of them
end in death (25). From past to present, antibacterial substanc-
es have been isolated from organisms like bacteria, fungi, algae,
insects, and plants (26-29).

As is the case all around the world, new antibacterial
compounds are also sought after in our country because
antibiotic-resistant bacteria cause important problems in the
treatment of these infections. However, the number of studies
showing the antibacterial effect of FLA is quite limited in the
literature (22, 23). So, in this context, this research aims to look
for the antibacterial effect of cell-free supernatant (CFS) of
FLA strains isolated in Turkish waters against infection-agent
Staphylococcus bacteria.

MATERIALS AND METHODS

Test Microorganisms

In this study, the antibacterial activity of CFS obtained from
four FLA (Acanthamoeba castellanii ATCC 50373, A1, A2, A3)
was investigated against six Staphylococcus strains [Methicil-

lin-resistant Staphylococcus aureus ATCC 43300 (MRSA ATCC
43300), Staphylococcus aureus ATCC 29213 (S. aureus ATCC
29213), Staphylococcus epidermidis ATCC 12228 (S. epidermid-
is ATCC 12228), Methicillin-resistant Staphylococcus aureus S1
(S1), Methicillin-sensitive Staphylococcus aureus S2 (S2), Meth-
icillin-resistant Staphylococcus epidermidis S3 (S3)] (Table 1).
Among the FLA strains used in this study, two of them (A1 and
A2) were isolated from swimming pools in a previous study of
ours (8), one of them (A3) was isolated from lake water, and
A. castellanii ATCC 50373 was used as standard strain. Clinical
Staphylococcus strains (S1, S2, S3) used in our study were ob-
tained from the culture collection at Istanbul University (1.U.)
Faculty of Pharmacy, Department of Pharmaceutical Microbiol-
ogy. MRSA ATCC 43300, S. aureus ATCC 29213 and S. epidermidis
ATCC 12228 were used as the standard strains.

Bacterial Cultures

MRSA ATCC 43300, S. aureus ATCC 29213, S. epidermidis ATCC
12228, 51,52 and S3 strains were cultured in Trypticase soy agar
(TSA) at 37°C for 24 hours and used in the experiment.

FLA Cultures

FLA strains (A1, A2) previously isolated and kept in the freez-
ing medium (FM) at -86°C were first brought to room tempera-
ture. Petri dishes containing non-nutrient agar (NNA) spread
on Escherichia coli (E. coli) pre-inactivated (121°C, 15 minutes)
were used for the resuscitation of the strains. All Petri dishes
were incubated for 3 to 4 weeks at 30°C and they were exam-
ined under inverted microscope every day (30, 31). Dense FLA
trophozoite-bearing areas in NNA were marked and cut with a
sterile lancet, and patched on fresh NNA medium surface (with
inactivated E. coli) upside-down (2, 32, 33). All Petri dishes were
incubated at 30°C.

Table 1. Microorganisms used in antibacterial activity experiments.

Microorganisms (Code)

Source

Acanthamoeba castellanii ATCC 50373

Standard Strain

Al Swimming pool isolate
FLA Strains

A2 Swimming pool isolate

A3 Lake water isolate

3MRSA ATCC 43300 Standard Strain

bS. aureus ATCC 29213

Standard Strain

Staphylococcus Strains <S. epidermidis ATCC 12228

Standard Strain

951

Clinical isolate

€52

Clinical isolate

fS3

Clinical isolate

a: Methicillin-resistant Staphylococcus aureus ATCC 43300, b: Methicillin-sensitive Staphylococcus aureus ATCC 29213,
c: Methicillin-sensitive Staphylococcus epidermidis ATCC 12228, d: Methicillin-resistant Staphylococcus aureus,
e: Methicillin-sensitive Staphylococcus aureus, f: Methicillin-resistant Staphylococcus epidermidis

30
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First, A3-coded amoeba strain was isolated from Uluabat Lake
(Bursa, Turkey) under aseptic conditions, and the water sample
in a glass bottle was concentrated by passing through a Sarto-
rius filtering device having a membrane filter (0.22 um). Then,
the filter paper was turned upside down and left on fresh NNA
medium having inactivated E. coli and incubated at 30°C (4, 34).
Petri dishes were examined on an inverted microscope on a dai-
ly basis.

FLA-Axenic Culture and FLA-CFS

To obtain FLA-axenic cultures, Pepton Yeast Extract Glucose
medium (PYG) containing Page’s amoeba saline (PAS) solution
(PYG-PAS) was used (11, 35). Antibiotics (0.5 mg/mL penicillin
and streptomycin) were added to PYG-PAS to avoid microbial
contamination. Amoeba cells in the Petri dishes were collect-
ed with 2-3 mL of PAS solution and inoculated into T-25 tissue
culture flask containing antibiotic-added PYG-PAS and incu-
bated at 30°C (22, 36). When the mono-layered axenic culture
was observed, the PYG-PAS containing antibiotics in the tissue
culture flask was discharged and washed with fresh PAS three
times, in order to clean the culture from antibiotics (17). After
the last washing, fresh PYG-PAS was placed into the flask and
incubated for 48-72 hours at 30°C. The FLA-axenic culture thus
obtained was subjected to Thoma slide and trypan blue for
counting (cell/mL) and vitality determination (37, 38). Cell-free
supernatant of FLA (FLA-CFS) was obtained after centrifuging
the FLA-axenic cultures (1000 g x 5 min) followed by passing
the supernatant through 0.22 pm pore-diameter filters and
were used in antibacterial experiments (22, 23).

Antibacterial Activity Experiments

Colony counting method was used to assess the antibacterial
effect of FLA-CFSs against Staphylococcus bacterial strains (22,
23). Bacterial suspension (106 cfu/mL) in phosphate buffered sa-
line (PBS) and FLA-CFS were mixed in a tube (1:10) and incubat-
ed for 18-24 hours at 37°C. After incubation, each mixture was
diluted further with PBS 10 times to achieve a series of dilutions
(10'-10%) and spread into Petri dishes containing TSA. All petri
dishes were incubated for 24 hours at 37°C and after the period,
colonies were counted. In the experiments, PYG-PAS and PBS
were used as control groups. All experiments were performed
in triplicate.

RESULTS

FLA-Axenic Culture and FLA- CFS
Figure 1 shows the images obtained under inverted microscop-
ic examination (x100) of FLA-axenic cultures.

Each FLA-axenic culture had the following living FLA tropho-
zoite numbers: For A. castellanii ATCC 50373, A1, A2, A3, the val-
ues are 3x10°, 8x10% 5x10°, 1x10° cell/mL, respectively. Trypan
blue-dyed FLA-axenic cultures had the microscopic view (x100)
of undyed/living FLA trophozoites in Figure 2.

Antibacterial Activity
The tested FLA-CFSs showed the highest inhibition effect on
the MRSA ATCC 43300 strain among the Staphylococcus spe-

D

Figure 1. Microscopic images of axenic cultures obtained from
each FLA (x100): A) Acanthamoeba castellanii ATCC 50373, B) A1,
C) A2, D) A3.

Figure 2. Light microscopic view (x100) of axenic culture of
Acanthamoeba castellanii ATCC 50373 strain on the trypan blue-
dyed Thoma slide; live trophozoite (red labelled) and dead tro-
phozoite (black labelled).

cies tested (Figure 3). A. castellanii ATCCC 50373 coded FLA (A.
castellanii ATCCC 50373-CFS) and A1 encoded FLA-CFS (A1-CFS)
inhibited MRSA ATCC 43300 bacteria by 78.36% and 73.47%, re-
spectively. A. castellanii ATCCC 50373 and A2-encoded FLA-CFS
(A2-CFS) inhibited the S1 strain 65.64% and 15.14%, respective-
ly. Against S. aureus ATCC 29213, only A1-CFS showed inhibitory
effect (44%). It was found that A. castellanii ATCC 50373-CFS and
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A2-CFS inhibited the S2 strain 26.20% and 9.24% respectively.
Although A2-CFS inhibited S3 strain (33.33%), other FLA-CFSs
did not show antibacterial effect against this strain. None of the
tested FLA-CFSs were found to have an inhibitory effect on S.
epidermidis ATCC 12228 strain. A3-CFS was found to have no in-
hibitory effect on any Staphylococcus strain tested. However, it
was determined that Staphylococcus strains tested were inhibit-
ed by at least one native FLA-CFS (A1-CFS or A2-CFS), except for
S. epidermidis ATCC 12228 strain (Figure 3).

78.36%
7347%
0% 65.64%
g
b 60%
]
£
E 5% 44.00%
-9
g 40% 33.33%
=
-}
E 30% 26.20%
=
£ % 15.14%
g | 0.24%
- 10%
0% —
MRSA sl S. aureus S2 S. 3
ATCC ATCC epidermidis
43300 20213 ATCC

12228
Bacteria strains
B A. castellanii ATCCC 50373 WAl

A2 mA3

Figure 3. Inhibitory effects of cell-free supernatants (CFSs)
against Staphylococcus strains.

According to these data, it was understood that FLA-CFS had
more inhibitory effect against S. aureus than S. epidermidis gen-
erally. S. epidermidis ATCC 12228 strain was not found to be in-
hibited by any FLA-CFS.

DISCUSSION

FLA have been attracting the attention of scientists for many
years due to their role of regulating microorganism populations
while living together with bacteria in the same environment. In
the literature, FLA-bacteria relationship has frequently centered
on the abilities of amoeba phagocyting bacteria, proliferation
of bacteria in amoeba and therefore, causing lysis of them (16-
19, 39, 40). However, there are few studies with narrow scope
about amoeba inhibiting the proliferation of bacteria by secret-
ing antibacterial substances (apart from phagocytosis) (21-24,
41, 42). Increasing the number of studies on this topic would
help researchers to understand the FLA-bacteria relationship
and would enhance microbial ecologic studies, leading to the
discovery of new antibacterial substances for bacteria (espe-
cially antibiotic-resistant bacteria), which has been a great
burden in these times. It was determined that the FLA tested
in our study had an inhibitory effect on S. aureus and S. epi-
dermidis (except phagocytosis). The highest inhibition against
Staphylococcus bacteria (65.64%, 78.36%) was detected with A.
castellanii ATCC 50373-CFS. A native aquatic FLA strain obtained
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from our waters (A1-CFS) also yielded a similar (73.47%, 44%)
inhibition effect. On the contrary, with the other native samples
(for A2-CFS) these inhibitions were either low (15.14%, 9.24%,
33.33%) or (for A3-CFS) non-existent not at all (Figure 3). Never-
theless, these data show us that native FLA have the antibacte-
rial potential against Staphylococcus bacteria. This study is the
first one about the interaction/inhibition of FLA-Staphylococcus
in which native strains were used. Our studies are ongoing, aim-
ing to investigate more samples to reveal more bacteriostatic or
bactericidal effects of FLA isolates against pathogen/potantial
pathogen and antibiotic-resistant Staphylococcus. If this kind of
effect were found, a new, native, and effective antibacterial sub-
stance, which would be applied to inhibition of Staphylococcus
that are causing infections in humans, would be discovered.

Similar to our study, Nakisah and Chandrika reported that
clinical and environmental (two sample) Acanthamoeba
(FLA) lysates showed antibacterial activity against pathogen
two S. aureus strains (21). Igbal and co-workers reported
that A. castellanii-CFS (one sample) was effective against
clinical MRSA at 100% whereas it had a bactericidal activity
against vancomycin-resistant E. faecalis at 8%. However, it
did not show a bactericidal effect against Acinetobacter sp.,
Pseudomonas aeruginosa (22). Souza et al. reported that the
relationship between a single clinical MRSA isolate and a single
Acanthamoeba polyphaga ATCC 30461 (FLA) strain yielded
that FLA culture lysate supported the growth of MRSA, but the
same FLA culture supernatant inhibited the growth of the same
bacteria (24). Martin et al. investigated the effects of different
genus, kind, and origin of FLA-CFS against Staphylococcus aureus
(MRSA typed as USA300) and found that Mycobacterium bovis
biofilms and A. polyphaga CCAP 1501/18-CFS sample inhibited
Staphylococcus aureus to a significant degree (42). As can be
seen, there is a very low number of current studies testing a
scarce number of strains. However, many more strains (four FLA
strains and six Staphylococcus strains) were used in our study,
thus making it more comprehensive. Moreover, our study used
strains different from the standard strains used in other studies,
including native strains. For these reasons, we are of the opinion
that the inhibitory effect of FLA CFSs on Staphylococcus bacteria
may vary depending on both FLA strains and Staphylococcus
strains. The following data obtained from our study (Figure 3)
also support this view: i) The tested FLA-CFSs had a greater
inhibitory effect against S. aureus than S. epidermidis. ii) No
FLA-CFS had antibacterial activity against S. epidermidis ATCC
12228 strain. iii) A3-CFS had no inhibitory effect on any of the
Staphylococcus strains tested. iv) Staphylococcus strains tested
were found to be inhibited by at least one native FLA-CFS (A1-
CFS or A2-CFS), except for the S. epidermidis ATCC 12228 strain).
Nevertheless, new studies are needed in which many more
Staphylococcus and FLA strains would be used. This would be
the only way to shed further light on the subject.

As stated above, since it is thought that the characteristics/abili-
ties (pathogenicity factors) possessed by these microorganisms
may play an important role among the factors affecting the re-
lationship between FLA and bacteria living in the same environ-
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ment, the subject should be investigated in detail. For example,
it is known that the S. epidermidis ATCC 12228 strain, which was
tested in our study and is avirulent, has molecules called bac-
teriocin that it releases into the external environment (43). This
bacterium thus inhibits some species (eg S. aureus) that live in
the same environment and are close to it. In our study, the rea-
son why S. epidermidis ATCC 12228 strain was not inhibited by
any FLA-CFS is perhaps because of these and similar molecules
owned by the bacterium. In addition, it was found that the clini-
cal (virulent) S. epidermidis strain (S3) tested in our study was in-
hibited by A2-CFS to a low extent (33.33%). These data suggest
that virulent and avirulent S. epidermidis strains may be affected
in different ways by FLA-CFS. In order to better understand the
inhibition effect of FLA-CFS against S. epidermidis, new studies
are planned in which more strains would be used (both virulent
and avirulent S. epidermidis).

SouzaGongcalvesetal.foundthatA. castellanii secreted different
extracellular vesicles under different stress conditions and the
CFS of these vesicles contained 69 proteins (41). In the light of
this information, it is thought that the amoeba strains used in
our study secrete inhibitory molecules against Staphylococcus
strains, and new studies are planned to find the morphological
and biochemical characterization of these possible molecules.
Subsequent studies should relate to the purification of FLA-
CFS with such activity and the active compound (s) that
helped in the discovery of new anti-Staphylococcus active
compound (s).

CONCLUSION

This is the first study showing the anti-Staphylococcus potential
of FLA-CFS isolated from Turkey. In order to discover bactericid-
al FLAs against pathogen/potential pathogen and antibiotic re-
sistant Staphylococcus bacteria, new studies using more strains
should be planned.
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ABSTRACT

Objective: Microbe-assisted plant heavy metal (HM) tolerance is gaining momentum over a conventional breeding or
transgenic approach being used to generate tolerant varieties capable of completing their life cycle in the metalliferous
environments. To withstand toxicity, along with the current anthropogenic pressure, applications of fungi representing the
largest group of eukaryotic organisms is considerably rising.

Materials and Methods: The hypothesis that a novel strain, which belongs to the Trichoderma genus (TS143), was previously
identified as being multi HM-resistant, improves plant HM-tolerance by regulating hydraulic conductance and defense
system was tested at a molecular level.

Results: While only a marginal increase in the expression level of 70 kDa chaperon protein (HSP1) gene was obtained,
peroxidase (POD1) and plasma membrane intrinsic aquaporin (PIP1-5) genes were found to be upregulated (<2 fold) in the
presence of chronic exposure to the HM-mix, (500 mg L' As, Cd, Cu, Pb, Zn) explaining the vivid metabolic modification
underlying the metal stress response by target fungus. Up-regulation of the ROS-scavenging peroxidase and aquaporin
genes affirming that the responses of POD1 (9.44 fold) and PIP1-5 (3.55 fold) expression may serve as potential sensitive
biomarkers for HM-induced cellular toxicity monitoring with TS143 biostimulation.

Conclusion: Determining transcriptional level changes might pave the way for further applied research which would analyze
gene level interactions of Trichoderma-HMs-plants.
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INTRODUCTION nated with high concentrations of metal(oid)s driven by

anthropogenic input can cause significant yield losses
Metal(oid)s, unlike other pollutants, are not biodegrad-

able thus accumulating in soil over time (1). Hence
these could readily be transmitted to the environment
by two basic routes: the anthropogenic activities such
as pesticide and fertilizer use (2) and the natural pro-
cesses (rock sedimentation and soil erosion, volcanic
eruptions, geothermal processes, forest fires, wind, with enzyme malfunction, decreased reactive oxygen
etc.). However, several studies in the past decade have  species (ROS) scavenging capacity, nuclear DNA and
shown that metal(oid) pollution in the environment is  organelle damage which would ultimately be block-

in agricultural areas (4). In these areas, heavy metal(oid)
s (HM)s are easily absorbed by plant roots (5) and mi-
grated to the above-ground parts (6) causing dramat-
ic physiological damage in plants (7). Impairments in
the cell wall structure, cytoplasmic instability along

mostly of anthropogenic origin (3). Thus, soils contami-  ing the photosynthesis are among the most serious
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impacts which are the result of the accumulated HM amount/
accumulation rate in a specific organ over a certain period of
time (8). Particularly, multi-HM exposure such as simultaneous
As, Cd, Cu, Pb, and Zn (HM mix) that could create synergistic
damaging effects even at much lower concentrations more
than a single HM does (9).

Fungi-plant associations can result in some degree of cleans-
ing of the soil from toxic metals (10). It has also been widely
reported that one of the most promising species in this regard
belongs to the Trichoderma genus (11). Species in this genus,
which are also commercially available today (12), show a ben-
eficial bio-molecular significance in the plant rhizosphere via
nutrient uptake efficiency increase, mycoparasitic activity, anti-
biosis, and competitiveness against plant pathogens common-
ly found in the soil (13, 14) thereby providing tolerance to both
abiotic and biotic stressors (11, 15). These species have been
widely reported to alleviate abiotic stresses through cellular
processes such as osmolyte and seconder metabolite synthesis,
Na cation elimination, or root improvement (16) by chemical
signals after root penetration with the help of cysteine-rich hy-
drophobin proteins isolated from the fungus itself (17). In fact,
it's even been reported that the volatile metabolites of this mi-
cro fungus family do not cause any damage to plants, on the
contrary, they develop various protection responses such as
preventing excessive formation of ROS by anthocyanin accu-
mulation and increase in the expression of defense genes (18).

Although studies are showing that HMs in soil are more
bio-available thanks to the members of this genus (19, 20), the
information on the contribution of these genus members to
the HM response at the molecular level in plants is still scarce
(18), particularly for new Trichoderma variants. Thereby, deter-
mination of the efficacy of the target fungal strain promoting
defense response at the plant gene level give a more informa-
tive approach and can pave the way to further mechanistic re-
search paths. In this study, the effect of Trichoderma TS143, a
new, genetically characterized local isolate with high HM toler-
ance, which has a high potential for use in the rehabilitation of
mine sites and biodiesel production (20) but whose effects on
plant transcript dynamics are unknown was investigated at the
gene level. The response triggered by TS143 directed regula-
tion/target transcript on maize was targeted for analysis under
multi-HM stress.

MATERIALS AND METHODS

Simultaneous TS143 and Multi-HM Exposure

A Trichoderma isolate, which is able to grow in HM concen-
trations between the range of 500-2500 ppm, was used in
the experiments. This strain is one of the strains in which we
analyzed the efficacy of its metal uptake in plants and proved
that it increased the phytoremediation ability of maize plants
(20). Based on the dry matter of the soil according to the US
EPA method (21), 5009 of soil was placed in glass jars then, solu-
tions containing 500 mg L' As, Cd, Cu, Pb and Zn were added
from the top. The solution mix was prepared by readily available
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Na,HAsO,7H,0, Cd(NO,),-4H,0, Cu(NO;),-3H,0, Pb(NO,),, and
Zn(NO;),-6H,0 chemicals. After that, the jars were placed in a
horizontal shaker at 24+1°C and 75 rpm for 2 days. The soil used
in the pot experiments was ready after the solutions were evap-
orated at 40°C in an oven.TS143 was one of several members of
the genus isolated by Dr. Rengin Eltem/Ege University from the
soils sampled at a specific site of an active mining area in the
Northeastern Black Sea region of Turkey. The strain was applied
as a 10® colony forming unit (CFU) mL~'/500g soil under in-vitro
conditions.

Pot Experiments

Commercially supplied soil was autoclaved under 1.1 atm at
121°C and cooled down under sterile conditions. The pots used
were pre-disinfected with bleach, then were rinsed through dis-
tilled water. The soil not contaminated with HMs was used as
the control group (Control), while uncontaminated soil treated
with the isolate only (TS143) was used as the positive control.
To determine fungal efficacy, two more groups consisting of the
HM cocktail only (HM mix) and As, Cd, Cu, Pb, Zn mix + TS143
(HM mix+TS143) were used to sow maize seeds (Zea mays
L. RX9292) after a regular sterilization process. Six seeds were
sown at a 2cm depth in the soil for all pots. After seven days,
the seedlings were reduced to two plants in each pot to allow
better future growth. The pots were watered every four days for
21 days (without using supportive fertilizers) to provide enough
saturation of the soil. After the chronic HM exposure period
with and without TS143, shoot samples taken for further use in
RNA isolation were washed several times in distilled water then
treated with liquid nitrogen and stored at -80°C.

Organ Specific Expression Analysis for Potential Target
Genes

To measure changes at the transcriptional level in the marker
genes belonging to enzymatic antioxidant and homeostasis
mechanisms playing vital roles in free radical detoxification
and/or possible water scarcity protection (due to the ionic tox-
icity under HM exposure), sequence-specific primers were syn-
thesized. Heat shock 70 kDa protein1 (HSPT) which is one of the
regulatory proteins that protect peroxidase1 (POD1) and plas-
ma membrane intrinsic aquaporins 1-5 (PIP1-5) as an indicator
of possible disruption related to water intake were selected. The
maize glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
gene was used as an internal reference for the normalization of
the gene expression (22, 23).

RNA Isolation, cDNA Synthesis and Quantitative RT-PCR
Analysis

The shoot samples of plants grown in the climate cabinet (Dai-
han, South Korea) for 21 days under the conditions of 16h light
(120 pmol m?sec™ light intensity), eight hours dark mode at
25°C day/22°C night, and 70% humidity, were powdered in lig-
uid N, The RNAs that belonged to the samples were isolated
according to Chomczynski (24) using TRIzol?Reagent (AMBION).
All solutions during isolation were used after being treated with
diethyl pyrocarbonate (DEPC) and autoclaved.
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Table 1. Primers of the target and reference genes used in the real time g-PCR experiments

Database entry# gene_name amplicon size (bp) primers (F-R)

GRMZM2G137839 Peroxidase1 136 5'-CTGCTGAGTGACCCTGTCTTC-3'
ZmPOD1 5'-GGATAGGGTCTATTTAAGCATCAG-3'

GRMZM2G310431 Heat Shock 70 kDa Protein1 128 5'-CCACCAACACCGTCTTCGAT-3'
ZmHSP1 5'-TACAATCATGGGTTTGTCACCAG-3'

GRMZM2G081843 Plasma membrane intrinsic aquaporins 1-5 90 5'-CACGTGGTCATCATCAGGG-3'
ZmPIP1-5 5'-CGTATGCTGCATGGTTGCT-3'

GRMZM2G176307 glyceraldehyde 3-phosphate dehydrogenase 105 5'-AGCAGGTCGAGCATCTTCG-3'

ZmGAPDH

5'-CTGTAGCCCCACTCGTTGTC-3'

cDNA synthesis (55°C 15s and 95°C 3 min) and qPCR were
not performed sequentially, thus an EvaGreen 20X (Biotium,
CA, US) and a commercial 2X One-Step RT-PCR mix was used
to amplify fragments ranging between 90-136 bp for target
genes by using 0.5 ug RNA for each. The expression level of the
specific transcripts for each different RNA sample consisting of
3 replicates (biological) for each group was determined. Nega-
tive control (No Template Controls-NTC) and non-amplification
control groups (No Amplification Controls-NAC, a minus-re-
verse transcriptase control) was added in the reactions (45X of
15s at 95°C-denaturation, the 30s at 60°C-annealing and 40s at
72°C-extension for the amplification and 5s at 95°C, 1 min at
65°C, continued up to 97°C and 30s at 40°C cooling for melting
peak quantification). Respective fluorescence was measured
by LightCycler 480 Software (Roche). The Standard Curve Set
Efficiency was 2.00. The comparative CT method (2-44) for
relative quantitation of gene expression was used (25) in data
analysis.

Statistical Analysis

SigmaPlot 13 Software (Systat, CA) was used for T-test analysis
to see if there were any biologically significant differences be-
tween treatments and the control groups. The significance was
determined at 5% confidence level.

RESULTS

The Combined Effects of HM Mix and the Fungus on the
Seedling Phenotype

Various HMs can impair almost all stages of the plant life cycle
including germination, growth development, and reproduc-
tion (22). In this work, the response of soil-grown maize seed-
lings was studied to tackle the following question: whether
Trichoderma could be beneficial in terms of diminishing the
injurious potential of the metal(oid) cocktail when maize seed-
lings grown under combined HM mixture conditions by inter-
fering and affecting antagonistically. Compared with the con-
trol seedlings, the group of plants belonging to TS143 only/HM
mix-free (-HM) exhibited no significant growth difference how-
ever, phenotypic compositions were remarkably distinguish-
able in the HM mix-exposed (+HM) groups with and without
fungal species application compared to either control or TS143
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only groups (Figure 1, lower panel). While a slight difference
in green leaf number (data not shown) was observed on the
TS143+HM mix plants, growth was significantly retarded in the
+HM only groups indicating plant phenotype and survival was
influenced by 15 days of exposure when fungus was absent.
Before the experiments (Figure 1, upper panel) no plants, in dif-
ferent application groups, performed significantly better than
the other.

control

TS143+
HM mix

TSI43+HM
mix

Figure 1. Maize phenotypes after simultaneous Trichoderma
and chronic multi-HM exposure. Upper panel: Images of seven
day old seedlings with no application. Lower panel: Trichoder-
ma and multi-HM exposed maize seedlings for 15 days (21 days
after sowing). Control: untreated; TS143: Trichoderma applied;
HM mix: As, Cd, Cu, Pb, Zn-exposed, TS143+HM mix: Trichoder-
ma+As, Cd, Cu, Pb, Zn exposed maize seedlings.
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HM Cocktail Alters Response Patterns of Plasma Intrinsic
Protein, Peroxidase and Heat Shock Defense Genes in Maize
To find evidence for a possible connection and/or interlinking
between combined HM stress, TS143 bio- stimulation, and plant
response against an oxidative burst caused by ROS, four exper-
imental groups with maize seedlings were prepared to test the
protection potential of the target strain under As, Cd, Cu, Pb, Zn-
applied conditions. In this context, the mRNA expression profiles
of previously identified defense gene expressions reported to be
induced by different HMs (34) were analyzed (yet, despite these
proteins conferring putative trace element caused stress toler-
ance, HSP, PIP, and POD-encoding genes cannot be listed as sole
protection components for HMs). Activation under HM mix con-
ditions in the gene encoding ZmPIP1-5 (1.40-fold), ZmHSP1 (1.8-
fold) and ZmPOD1 (5.55-fold) respectively showed molecular
evidence of cellular damage that overlapped with phenotypic
changes (Figure 2). On the other hand, TS143 only gene expres-
sions for all three genes tested were found dramatically lower
than the control seedlings. However, HM mix+TS143 induced
elevated gene expressions higher than that of the HM mix only
conditions not for ZmHSP1 (0.04-fold difference), but ZmPIP1-5
and ZmPOD1 (approximately 4-and 9.5-fold respectively).

TS143 Regulates Maize Plasma Intrinsic Aquaporin 1-5 and
Peroxidase1 under Chronic HM Stress

This study found a strong direct (positive) correlation between
the ZmPIP1-5 and Zmperoxidasel quantified mRNA expression
and the phenotypic performance of the TS143 supported
maize plants continuously grown in soil with +As, Cd, Cu, Pb,
Zn concentrations (Figure 2) as compared to the HM mix only

Relative expression/GAPDH

ZnPOD1

ZmPIPI-5 o§‘¢
&
L0
ZmHSP! A¥

Truannen s

Figure 2. Profiling of representative genes expressing perox-
idase1_ZmPOD1, plasma membrane intrinsic aquaporins 1-5_
ZmPIP1-5 and heat shock protein1_ZmHSP1 in maize. Data is
given as mean (n=3). Control: untreated; TS143: Trichoderma ap-
plied; HM mix: As, Cd, Cu, Pb, Zn-exposed, TS143+HM mix: Trich-
oderma+As, Cd, Cu, Pb, Zn exposed maize seedlings (for 15 days).
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group, indicating positive effects yielding water uptake aid and
triggered cellular defense signaling. Relative expression for
ZmHSP1, ZmPIP1-5, and ZmPOD1 was calculated (meanzstand-
art error) as 0.08+0.01, 0.35+0.06 and 0.09+0.01 in TS143 only
groups respectively, while expression was 1.89+0.2, 1.40+0.2,
5.55+0.3 for HM mix only group and 0.04+0.01, 3.58+0.3 and
9.44+0.6 for TS143+HM mix groups. Almost no change ora com-
plete decline compared to the other two genes, in ZmHSP1 tran-
script expression detected below intermediate levels (0.04-fold)
which could indicate destructive effects of the heavy metal(oid)
s used on the crosstalk between molecular chaperons, protein
labeling, and degradation pathways of maize cells. Particularly,
Zmperoxidasel which was calculated to be expressed at a rela-
tively higher level than that of ZmPIP1-5 and ZmPIP1-5 in maize
subjected to the same exact regime (TS143+HM mix) shows
that an enzymatic antioxidant gene differed markedly, while it
remained unchanged under control conditions with almost no
difference.

DISCUSSION

Plants yield significant changes in gene expression to counter-
act HM stress if they are not hyperaccumulators able to com-
plete life cycles without major symptoms due to toxicity (26).
However, according to the recent plant HM stress reports, there
is still scarce data on gene transcript changes driven by the
fungal genus Trichoderma that recently emerged as a group of
symbionts with immense impact on human welfare (27). The
concepts designated to analyze the physiological outcomes of
HM cocktails on plants under a fungus effect were even rarer
(28) compared to other reports showing the efficacy of differ-
ent Trichoderma genotypes under a single HM element (e.g., Pb
(29) or Cu (30). Also, reports mostly focused on biotic stress-trig-
gered gene expression dynamics in plants induced by the ge-
nus (31) rather than abiotic factors. In addition, research on
the efficacy of newly identified genetic variants isolated from a
mining niche might be more valuable in terms of showing the
molecular plant protection potential of a novel strain in plant
molecular HM tolerance which has not previously been investi-
gated. This background along with evidence showing that the
Trichoderma genus has been shown to dissolve oxidative zinc
(Zn*) via ligand complex release (32) and Cd extraction (33),
allowed this study to prepare four experimental groups with
maize seedlings exposed to HM mix-free (-HM) and HM mix-ex-
posed (+HM) with/without fungal species (Figure 1) to test the
protection potential of the target strain.

Given the metal(oid) uptake and/or transport was reported
to be more a quantitative trait subject to crosstalk of multiple
genes and the regulation of HM transport/tolerance in plants
requires more than one physiological pathway (8), of particular
interest, the transcriptional expression pattern of an aquaporin
gene and analogue mechanisms of one of the enzymatic anti-
oxidants (peroxidase1) and stress proteins, protecting enzyme
malfunction (HSP1) were chosen to be analyzed and confirmed
by quantitative PCR.
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While PODs are one of the major enzymatic antioxidants
catalyzing the breakdown of H,0, to scavenge radicals, or
sometimes generating H,0, themselves as signal molecules
(34), the HSPs are the quality controllers of PODs , assisting
conformational changes (35). They belong to multi-gene
superfamilies whose proteins are present in the mitochondria or
chloroplasts showing induced expression not only by thermo-
stress but also by HMs (35). Hence, validation of these related
gene expressions in maize seedlings interacting simultaneously
with HMs and TS143 was performed. As shown in the Figure
2, the TS143 was found actively mediating HMs up-take and
translocation by possibly playing with reduction kinetics
of the metal(oid)s or facilitating vacuolar storage in maize
seedlings under chronic multi-HM exposure, given the analysis
was performed in shoot tissues (translocation). Simultaneous
exposure of the HM-mix along with TS143 did not exhibit
increased expression in HSP1, possibly indicating that the HSP1
might not be a very sensitive biomarker, would serve for HM-
induced toxicity monitoring for the current experimental set
up in maize. Only slight distinctive expression levels indicating
HSP1 involvement were obtained for the HM-mix-only group.
In this group, given the used dose in the experiments (500 mg
L") was relatively high, excretion was expected to be decreased
and xylem loading would increase gradually which in turn
would trigger a rapid involvement of molecular detoxification
elements, potentially including the over-expression of HSPs (as
confirmed almost 2-fold increase in ZmHSPT). The confounding
levels of expression (0.04-fold) in the HM mix+TS143 groups
could be attributed to an avoidable action in the HSPT up-
regulation with the help of TS143 protection, given the primary
function of this gene is to prevent the damage-induced
aggregation of proteins under stress (35). However, this could
be valid only if there was not a complete breakdown in the
metal regulatory network of the seedlings consisting of HSPs,
because the proteins of the HSP gene family were reported to
be found at significant levels even in non-stressed plant cells
when none of the stress factors were present (36). However,
the HM mix-only exposure caused an almost 2-fold increase in
ZmHSP1 (Figure 2) gene of the seedlings, in direct opposition to
the control and TS143-applied only groups. POD1 expression,
on the other hand, was significantly induced (p<0.05; t-test) by
chronic exposure of HMs+TS143. The 9.44-fold increase might
be showing the cytotoxic range for an applied HM dose that is
exceedingly difficult to avoid for seedlings. The PODT increase
rate in the HM-mix exposed-only group was calculated 5.5-
fold more (p<0.05; t-test) compared to the control. This data
may be grounded on the TS143 colonization induced signaling
cascades improving POD-arbitrated redox state by regulating
the downstream genes while adjusting the molecular defense
machinery. Similar results were exemplified by several other
studies (37, 38, 29) proving enhanced antioxidative defense
were characterized by higher expressions of POD genes.

Beyond generating free radicals that attack cells, HMs also
generate ionic stress due to water scarcity (39). The data
interpreting that the aquaporin genes of a hyperaccumulator,
Pteris vittata TIP4;1 might be responsible for metal uptake
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as a metal transporter (40) confirms the functionality and
involvement of PIPs in this notion and a lead to analyze
maize aquaporin expression change. Relative expression was
calculated 2-fold more than HM mix-exposed only seedlings
and PIP1-5 expression reached almost 3.6-fold (p<0.05; t-test)
which was more than both the control and TS143- applied only
group, following two weeks of application. Up-regulation of
maize aquaporin expression (>2 fold) might be pinpointing
the contribution of TS143 in the reduction of water scarcity by
trapping metals and not permitting translocation from roots
to the shoots. Certain studies confirm the current data and
reporting that the genus is effective on plant-water relations
via co-metabolic exchange by breaking down the robust
chemistry of toxicants (14).

CONCLUSION

Besides the fact that the fungi belong to Trichoderma genus
produce the strongest mycotoxins in the world along with its
Aspergillus counterparts (41), this research further affirmed the
increased potential in alleviating trace toxic elements which
caused cellular injuries in plants (29, 30). A transcriptional per-
spective of molecular protection was interpreted in this work by
showing selected gene expression dynamics lead by TS143.The
particular species used is an isolate whose molecular phylogeny
and major physiological effects have recently been character-
ized under HM-stress and its effective use was recommended to
provide agro-ecological benefits in environmental biotechnol-
ogy (20). This research data provides further supports that the
target isolate triggers plant molecular antioxidant defense and
water dynamics via coordinating aquaporin, peroxidase, and
molecular chaperon genes to a certain extent.

Researching the impacts on plant molecular physiology lead by
more novel genotypes occupying a wide variety of natural/artifi-
cial niches as in the case of TS143, would be useful in either further
plant-fungus methods or exploitation and effective use of fungiin
the areas of agricultural and environmental biotechnology.
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ABSTRACT

Objective: Endocrine disrupting chemicals (EDC) in plastics may disrupt proper endocrine system functioning. Zebrafish
embryos are formed through external fertilization, and their rapid development, short life cycle, and transparency provide
imaging advantages. In zebrafish embryos, neural crest development occurs similarly to other vertebrate embryos and
crestin is found in the neural crest during embryogenesis. The aim of our study is to evaluate the effects of bisphenol A (BPA)
and Di (2-ethylhexyl) phthalate (DEHP), which are the most widely used EDCs, on the expression of crestin, apoptosis, and
inflammation-related parameters in zebrafish embryos.

Materials and Methods: The embryos were exposed to either DEHP or BPA in well plates for 72 h post fertilization (hpf).
Expressions of crestin were evaluated by in situ hybridization, while the expressions of bax, casp8, casp3a, ifng1, fas, and tp53
were evaluated by RT-PCR.

Results: Expressions of bax and casp8increased and casp3a, ifng1, and fas decreased in BPA and DEHP groups. tp53 expression
increased in the BPA group but decreased in the DEHP group compared with the control group. In the DEHP group, casp3a,
ifng1, fas, bax, casp8, and tp53 expressions decreased compared with the BPA group. No significant change was observed in
the crestin expressions in the groups. When compared with the control group, an inverse relation between ifng1 expression
and apoptosis, as evidenced by increased bax and casp8 expressions, was observed in the BPA and DEHP groups.
Conclusion: Our study provided important data on the effects of EDCs on the relationship between inflammation and
apoptosis.

Keywords: Bisphenol A, Di (2-ethylhexyl) phthalate, Apoptosis, Inflammation, Crestin

INTRODUCTION through the monomers contained in plastics has be-

come a serious cause of concern and risk in terms of
Containers and packages made of plastic are widely  pyplic health. Factories producing plastic and plastic
used in the food industry because they are lighter, un-  derivatives release various chemicals into nature in an
breakable and more affordable. However, the possibility  uncontrolled manner, and discussions about the pos-
of transferring toxic additives to foods and beverages  sible effects of these chemicals on living things are in-
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creasing day by day (1). Chemicals commonly found in plastics
and derivatives that disrupt endocrine functions are called en-
docrine disrupting chemicals (EDC) (2). In this study we aimed
to examine apoptosis and inflammation-related parameters in
zebrafish embryos exposed to bisphenol A (BPA) and Di (2-eth-
ylhexyl) phthalate (DEHP), which are the most widely used EDCs.

Polyethylene terephthalate (PET) is widely used in the produc-
tion of plastic materials and bottles. DEHP is used as a plasti-
cizing agent in PET bottles. Polycarbonate plastic (PC) is widely
used, especially in food and medical equipment, and BPA is
needed for its production (1, 2). EDC exposure, which has be-
come one of the important public health problems of our time,
is related to various diseases, such as cancer. On the other hand,
metabolic disease such as obesity and diabetes have also been
connected to EDC exposure. It has been shown that BPA can
pass into foods when it comes into contact, and this transition
increases with heat. It has been shown that BPA consumed
through plastic bottles can cause serious damage to the pros-
tate, liver, and reproductive system and brain development and
may lead to cancer and heart diseases (2-5).

Zebrafish, the popular model organism of recent years, is a ver-
tebrate organism. Females lay 50 to 300 eggs per day, embryos
are formed with external fertilization and have rapid develop-
ment, they have short life cycles, and their transparency pro-
vides imaging advantages (6, 7).

It has been shown in animal models that the expression of the
tp53 tumor suppressor gene can be altered by the effects of var-
ious EDCs (8). It is known that steroids and sex hormones have
major roles in modulating inflammatory and immune responses,
so endocrine disruptors may also affect the formation ofimmune
responses (9). In a study conducted in rats, it was shown that
IFN-expression was affected by endocrine disruptors (10, 11).
Caspase-3 is a caspase protein encoded by the casp3 gene that
interacts with caspase-8. The interaction of the fas receptor with
its ligand causes the formation of the death-inducing signaling
complex. Sequential caspase activation regulates the execution
phase of apoptosis and Bcl-2 inhibits Bax-triggered apoptosis (9-
11). In this study we aimed to determine the possible effects of
DEHP and BPA on tp53, ifn-y, casp3, casp8, bcl2, bax, and fas as-
sociated with apoptosis and inflammation in zebrafish embryos.

Crestin is expressed in zebrafish during embryogenesis and it is
first observed at the beginning of somitogenesis in neural crest
cells of the ectoderm (12). Although BPA and DEHP have been pre-
viously demonstrated to cause several malformations in zebrafish
embryos (13), the effects of BPA and DEHP on crestin, which is an
important developmental marker, have not been previously re-
ported. Accordingly, we also aimed to evaluate the effects of BPA
and DEHP on crestin expression in developing zebrafish embryos.

MATERIALS AND METHODS

Embryo Exposures
Embryos were obtained from zebrafish (wild type AB/AB strain)
that were housed in apparently disease-free conditions. Animal

43

husbandry and spawning were performed according to the
protocols approved by the University of Marmara Institution-
al Animal Care and Use Committee. As the zebrafish embryos
used were no more than 5 days old, no ethical approval was
required for the protocols applied as stated by the Council of
Europe (1986), Directive 86/609/EEC. Reverse osmosis water
that contains 0.018 mg L—1 Instant Ocean™ salt was used for all
of the experiments. After natural spawning, fertilized embryos
were gathered and staged according to their development and
morphology as described previously. Zebrafish embryos were
exposed to BPA and DEHP at doses below the LC50 values as
determined and reported previously by Ustiindag et al. (13).
Accordingly, embryos were exposed to BPA 1 ug /L and DEHP
2,5 pug/L. The embryos were exposed to either DEHP or BPA in
well plates for 72 h post fertilization (hpf). DMSO and methanol
were used as the solvent control, and the embryo medium was
used as the blank control. Three replicates, each containing 30
embryos, were prepared. BPA (CAS no: 80-05-7), DEHP (CAS no:
117-81-7), dimethyl sulfoxide (DMSO) (CAS no: 67-68-5), and
methanol (CAS no: 67-56-1) were purchased from Sigma-Al-
drich Co. (St. Louis, Missouri, USA).

Gene Expression Analyses

Embryos in each pool were placed in a 1.5 ml microfuge tube,
water was removed, and TRIzol reagent was added. Then the
embryos were homogenized with a pellet pestle. RNA isolations
from the embryo homogenates were made by using the RNeasy
Mini kit using the Qiacube (Qiagen) instrument. cDNA synthe-
sis from the obtained RNA samples was carried out using One
Script (ABM). The expression of bax (forward primer, 5-GGC-
TATTTCAACCAGGGTTCC-3; reverse primer, 5-TGCGAATCAC-
CAATGCTGT-3') casp3 (forward primer, 5'-ATGAACGGAGACTGT-
GTG-3'; reverse primer, 5-TTAAGGAGTGAAGTACATCTCTTTG-3)
casp8 (forward primer, 5-GCTTCAATGGGTGCTTTTGT-3'; re-
verse primer, 5-TCCGGCAAAAGGCAGTGTAA-3'), ifngl (for-
ward primer, 5-GCTGGATCTTCAAAGTCGGGTGTA-3'; reverse
primer, 5-TGTGAGTCTCAGCACACTTCCATC-3'), fas (forward
primer, 5-GTGACGCTAATGCAAAAATGAAG-3'; reverse primer,
5'-CGATGTCCTGCAGAGTGGTG-3'), and tp53 (forward primer,
5'-GGGCAATCAGCGAGCAAA-3’; reverse primer 5-GGGCAAT-
CAGCGAGCAAA-3’) was determined using the Rotor-Gene Q
instrument by adding the obtained cDNA samples to the RT2
SYBR Green Master Mix mixture. actb1 (forward primer, 5'-AAG-
CAGGAGTACGATGAGTCTG-3'; reverse primer, 5- GGTAAAC-
GCTTCTGGAATGAC-3') was used as the housekeeping gene.
The samples were studied in triplicate. Analysis of the data was
performed using the delta delta Ct method based on normal-
ization with the housekeeping gene actb1 (14).

Crestin Expression Analysis by In Situ Hybridization Method
In order to determine the expression of the crestin by the in situ
hybridization method, a previously prepared RNA probe target-
ing the crestin was used. 10 embryos reaching 72 hours were
homogenized and RNA was isolated with the RNeasy mini kit.
After the RNA was converted to cDNA, the desired region was
amplified by PCR with previously designed crystalline primers.
In order to check the accuracy of the proliferating area, it was
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validated by the gel electrophoresis method. Then, after the
desired region was reproduced by PCR, unwanted molecules
(dntps etc.) were removed, except for the area replicated with
the clean-up kit. Then, the PCR product obtained by the in vitro
transcription method was transformed into a DIG-labeled RNA.
The obtained RNA was made usable by cleaning with the RNA
clean-up kit. The probe obtained in this way was compared with
the embryos to which BPA and DEHP had been administered by
using the in situ hybridization method and the control group
embryos (15).

Statistical Analysis

Statistical analysis of the data was done with the Graph Pad 7
Statistical program using Tukey Multiple Comparison Analysis
after One Way Anova. The Shapiro-Wilk test was performed to
test the normality. Results are given as MeantStandard Devia-
tion; p<0.05 was considered significant.

RESULTS

As the data analysis did not show any difference between the
solvent control and blank control for the parameters investigat-
ed in this study, accordingly, the blank control test data are giv-
en in the following sections. It was determined that there was a
significant increase in bax and casp8 mRNA expression levels in
BPA and DEHP groups compared to the control group (p<0.05).
When the DEHP group was compared with the BPA group, it
was observed that there was a significant decrease in bax and
casp8 mMRNA expression levels (p<0.05) (Figure 1).
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Figure 1. bax, casp3 and casp8 transcripts quantified by RT-PCR.
All RT-PCR results are normalized to (-actin, the housekeep-
ing gene and expressed as fold change from their respective
controls. Data presented are mean=SD. *significantly different
from the control group, p<0.05; *significantly different from the
BPA group; SD: standard deviation; BPA: Bisphenol A; DEHP: Di
(2-ethylhexyl) phthalate.
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A significant decrease was found in casp3a, ifng1, and fas mRNA
expression levels in both the BPA and DEHP groups (p<0.05).
In the DEHP group, a significant decrease was observed in cas-
p3a, ifng1, and fas mRNA expression levels compared to the
BPA group and compared to the control group (Figures 1 and
2) (p<0.05).
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Figure 2. ifng1, fas and tp53 transcripts quantified by RT-PCR.
All RT-PCR results are normalized to B-actin, the housekeep-
ing gene and expressed as fold change from their respective
controls. Data presented are mean+SD. *significantly different
from the control group, p<0.05; *significantly different from the
BPA group; SD: standard deviation; BPA: Bisphenol A; DEHP: Di
(2-ethylhexyl) phthalate.

tp53 mRNA expression levels were found to be increased in the
BPA group compared to the control group (p<0.05). On the oth-
er hand, in the DEHP group, a significant decrease was observed
in the tp53 mRNA expression level compared to both the con-
trol and BPA groups (p<0.05) (Figure 2). Crestin-expressing cells
were found to be distributed along the anterior-posterior axis,
in the neural crest migratory pathways. No significant change
was observed in the crestin expressions in the groups (Figure 3).

DISCUSSION

In our study, we examined the effects of exposure to BPA and
DEHP on the expression of apoptosis-associated p53, casp3,
casp8, and bax genes and the inflammation-related ifn-y gene,
as well as the expression of crestin, which is an important mark-
er in the embryonic period.

BPA is used to produce polycarbonate plastic and it acts as
synthetic estrogen. BPA is found in different products such as
food containers, toys, baby bottles, and dental and medical
devices. Plastics are widely used in modern life and therefore
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Figure 3. Crestin expressions of the control, Bisphenol A (BPA) and Di (2-ethylhexyl) phthalate
(DEHP) groups determined by in situ hybridization. Crestin expressing cells are distributed along
the anterior-posterior axis, in the neural crest migratory pathways. Scale bar: 60 uM.

BPA is released into the environment directly or under normal
conditions due to incomplete polymerization. Hydrolysis of the
ester bonds binding BPA monomers due to acid, base, or heat
exposures lead to the release of BPA and increase the migration
rate. BPA can be found in water sources such as streams and
rivers, and even in drinking water. The main source of exposure
is suggested to be by food and drink (16). We have shown pre-
viously that BPA and DEHP induced axial malformations, peri-
cardial edema, and yolk sac edema in the zebrafish embryos
(13). BPA affects different physiological processes related to
development, reproduction, and metabolism. These effects can
be attributed to its estrogen-like effect, whereby it binds to the
estrogen receptors, altering the hormone system. BPA exposure
has been related to many diseases affected by changes in estro-
gen levels, such as ovarian disease and breast cancer. Moreover,
body fat distribution has been shown to correlate with blood
BPA levels in women (17).

Increased bax and casp8 expressions in the BPA- and DEHP-ex-
posed groups is consistent with some other studies showing
the apoptotic effects of these EDCs. Apoptosis is a programmed
event that plays an important role in the normal development
of living things, in the elimination of defective germ cells, in
maintaining the proportion of Sertoli cells with appropriate
germ cells, and in controlling sperm production. It has been
reported that BPA induces autophagy and apoptosis in Serto-
li and Leyding cells in rats (18). In testicular Leydig cells, it has
been shown that BPA can activate protein kinase A (PKA) and
Akt. In different models, BPA has been shown to affect prolifera-
tion of cells, apoptosis, and steroidogenesis by binding specific
receptors in signaling pathways. On the other hand, informa-
tion on the mechanism of germ cell apoptosis activated by BPA
and the role of apoptosis-signaling pathways is scarce (16-18).
In our study, although bax and casp8 expressions were found
to be increased in the BPA and DEHP groups, casp3 expressions
were found to be decreased when compared with the control
group. The inhibition of casp3 may be related to developmental
defects, as reported by Oka et al. (19), who aimed to evaluate
how BPA affected the early development of Xenopus laevis em-
bryos. For this purpose, they exposed the embryos to 10-100
UM BPA and reported that the developmental abnormalities
were found in embryos exposed to 20 uM BPA. As apoptosis is
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induced through various stimuli, inside the cell the apoptotic
signal within the cell is transmitted through two main molecu-
lar pathways. These pathways are the death receptor pathway,
known as the extrinsic-external pathway, and the mitochondri-
al pathway, known as the intrinsic or internal pathway. The in-
trinsic pathway can be induced by various extracellular or intra-
cellular signals. These signals may include radiation, oxidative
stress, and reactive oxygen species, as well as the intermediates
of xenobiotic metabolism. BPA and some chemotherapeutic
drugs may also lead to the dysfunction of mitochondria. Mito-
chondria is the control point of the intrinsic apoptotic pathway
that is modulated by Bcl-2 family proteins and results in cell
death by cytochrome c and other proapoptotic effectors (18).

In our study, p53 expression levels increased significantly in
embryos exposed to BPA compared to the control group. Lloyd
et al. (20) showed that BPA led to increased P53 protein levels
through the western blot analysis method in the breast cancer
cell line. Although cytolocalization of P53 was not affected by
BPA administration, an increase in cell proliferation was ob-
served. Jiang et al. (21) reported that BPA exposure increased
the levels of casp 3, 8,9, and 10 in the kidney and showed an
apoptotic effect in rats with BPA added to their feed for five
weeks. Xu et al. (22) studied the effect of BPA on ovarian gran-
ulosa cells in rats. They exposed ovarian granulosa cells to BPA
for 24 hours to 72 hours and reported that BPA reduced the via-
bility of granulosa cells in a dose- and time-dependent manner.
Researchers have reported that BPA increases Bax expression
and decreases Bcl2 expression in granulosa cells. These results
show that low doses of BPA reduce the granulosa cell viability
through the induction of apoptosis. It has been suggested that
increased Bax expression and decreased Bcl2 are effectively in-
volved in this apoptotic effect.

The mechanism of BPA-induced apoptosis may proceed
through three distinct pathways: the DNA damage response
signaling pathway, the mitogen-activated protein kinase
(MAPK) signaling cascade, and the insulin-like growth factor-1
signaling pathway. In our previous study, we showed that BPA
increased nitric oxide levels and decreased glutathione S-trans-
ferase and superoxide dismutase activities (5). Accordingly,
increased oxidative stress may be the reason for increased bax
and casp8 expressions in the BPA group.
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In our study, ifng1 expression levels decreased significantly in
BPA group embryos compared to the control group. Although
structurally different from estrogen, BPA binds to estrogen re-
ceptor (ER) subtypes, especially ER-beta, with 6 times greater
affinity. Immune system cells respond to sex hormones, includ-
ing estrogen. Upon ER binding of estrogen, the ligand-recep-
tor complex mediates the transcription activity of genes con-
taining estrogen response elements (EREs). Estrogen regulates
IFN-y as well as the interleukin-10 (IL-10). The ifn-promoter con-
tains sequences similar to ERE and estrogen has been reported
to activate the production of IFN-y (23). BPA has been shown to
decrease IFN-y levels in both male and female mice (24).

Ustiindag et al. (13) observed increased vitellogenin levels and
wnt3a and gsk3 expressions in zebrafish embryos exposed to
BPA. They reported that increased apoptosis in embryos ex-
posed to BPA can be because of Wnt3a-induced pro-apoptotic
changes. However, in DEHP exposure, it has been suggested
that Wnt3a has a lesser effect. In the same study, vitellogenin
levels and apoptosis did not significantly increase in embryos
exposed to DEHP. In the study by Ustiindag et al. (13), apoptosis
was evaluated using the acridine orange method.

DEHP is toxic to zebrafish embryos and larvae and has been
shown to cause developmental anomalies. It has been shown
that DEHP exposure may lead to increased activity of estrogen
under 1.50 ppm and that DEHP leads to ER transactivation (25).
It has been shown in previous studies that DEHP can induce
apoptosis and mitochondrial damage, break the DNA strand,
and lead to reactive oxygen species (ROS) production. The
damage to the DNA causes the weakening of the mitochon-
drial function regulator known as SIRT1, and thus suppressed
ATP levels. ATP is needed for spermatozoa motility, therefore
decreased ATP levels caused by DEHP have been accepted as
a very important problem for male fertility (26). It has been re-
ported that the toxic effects of DEHP on ovaries and follicles may
occur due to apoptosis. For proper steroidogenesis regulation
and to survive atresia, follicles should function properly. Atresia
is suggested to be a naturally occurring apoptotic event that
occurs with the death of follicles, which detrimentally affects
the reproductive system. Atresia of ovarian follicles is regulated
through proapoptotic factors, including Bad and Bax, and an-
tiapoptotic factors, including Bcl2, which are usually inhibited
due to DEHP exposure. Increased oxidative stress with DEHP
may lead to follicular atresia. DEHP may lead to the inhibition of
follicle growth through oxidative stress (27). In accordance with
these reports in our study, we found that as a result of DEHP
exposure, bax and casp8 expressions increased in zebrafish em-
bryos compared to the control group, and casp3a, ifng1, fas, and
tp53 expressions decreased. In addition, the expressions of bax,
casp3a, casp8, fas, ifng1, and tp53 decreased when embryos ex-
posed to DEHP were compared with those exposed to BPA.

Cell death plays an important role in the regulation of inflamma-
tion and may also be observed as a result of inflammation. For
the maintenance of tissue homeostasis, both the recognition
and removal of invading pathogens, as well as the clearance of
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dying cells, are necessary (28). Although induction of apopto-
sis was not initially considered an action of IFNs, in vitro studies
have shown that IFN-q, IFN- or IFN-y have induced character-
istic apoptotic cell changes in the morphology of cells, such as
rounding up and detachment of cells (29-31). In our study, in-
creased bax and casp8 expressions in the BPA and DEHP groups
might be induced by IFN-y, which in turn decreased after the
induction of apoptosis. Activation of the caspase 8 cascade may
lead to the release of cytochrome c from mitochondria, disrupt
the mitochondrial potential, cause changes in the plasma mem-
brane symmetry, and finally lead to DNA fragmentation (29-31).

In our study BPA and DEHP exposures did not change the cres-
tin expressions. Neural crest cells develop in the third week of
embryo development in humans. These cells are pluripotent
in character and migrate to different places in the embryo to
differentiate into different cell types. The migration of these
cells is required for morphogenesis for the roles where they will
function (32, 33). The development of the head and face region
occurs as a result of more than one biological process, includ-
ing the growth, proliferation, migration, and differentiation of
neural crest cells (32, 33). The development of the neural crest
occurs similarly to other vertebrate embryos in zebrafish em-
bryos. However, since zebrafish embryos are transparent initial-
ly and have bigger but fewer neural crest cells than other spe-
cies, in living embryos viable premature neural crest cells can
be observed and manipulated (33). During embryogenesis, it is
known that crestin is expressed in zebrafish. Crestin expression
was first determined at the beginning of somitogenesis in neu-
ral crest cells of the ectoderm (33).

CONCLUSION

We have shown that as a result of BPA and DEHP exposure,
while casp3a, ifng1, and fas expressions decreased, bax and
casp8 expressions increased in zebrafish embryos compared to
the control group. tp53 expression increased in BPA compared
to the control group, but it decreased in the DEHP group. The
expressions of bax, casp3a, casp8, fas, ifng1, and tp53 decreased
when embryos exposed to DEHP were compared with those
exposed to BPA. An inverse relation between ifng1 expression
and apoptosis was observed by increased bax and casp8 ex-
pressions in the BPA and DEHP groups. Accordingly, our study
provided important data on the effects of EDCs on the relation-
ship between inflammation and apoptosis.

BPA and DEHP exposures did not lead to a significant change in
the crestin expressions of the embryos. However, this subject is
open to research, as it is possible that different doses and differ-
ent exposure durations may cause different results.
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ABSTRACT

Objective: This study aims to examine the role of a probiotic bacterium, Bacillus clausii, on oxidative stress in a
lipopolysaccharide (LPS)-induced acute kidney injury (AKI) rat model.

Materials and Methods: The rats were divided into four groups: Control group, LPS group (1.5 mg/kg, LPS), Probiotic+LPS
group in which LPS was given after administration of Bacillus clausii as a probiotic for 21 days, and Probiotic group. The
kidneys of the rats were removed 24 hours after LPS injection. Total antioxidant status, total oxidant status, oxidative stress
index, malondialdehyde and myeloperoxidase (MPO) values were biochemically determined in the kidneys. Furthermore,
the kidney tissue samples were immunohistochemically stained for interleukin-6 (IL-6) and tumor necrosis factor (TNF)-a
expression, and leukocyte distribution.

Results: Endotoxemia caused an increase in oxidative stress (p<0.001), lipid peroxidation (p<0.01), MPO activity (p<0.001),
and the expression of IL-6 (p<0.001) and TNF-a (p<0.001). The administration of probiotic ameliorated oxidative stress, lipid
peroxidation, and myeloperoxidase activity, and resulted in decreased IL-6 and TNF-a reactions that were elevated with LPS
treatment.

Conclusion: The results suggest that Bacillus clausii as a probiotic bacterium may have an antioxidative property in LPS-
induced AKI.

Keywords: Probiotic, acute kidney injury, endotoxemia, oxidative stress, Bacillus clausii

INTRODUCTION microbes. The resulting systemic complications and
disease may follow deterioration in microbiota ho-
meostasis caused by excessive increase or depletion of
specific bacterial species (6). Dysbiosis relates to several
diseases such as obesity, diabetes, and inflammatory
bowel and critical disease (7, 8). It was shown that the
loss of “health promoting” bacteria and dysbiosis could
contribute to infections, organ failure, and sepsis in the
intensive care unit (ICU) (7). Some members of the gut
microbiota generate anti-inflammatory molecules and
proteins, while the microbiota can cause inflammatory
responses. It is thought that the loss of useful microor-
The change in gut microbiota is called dysbiosis, ganisms can disrupt nutrition in humans and trigger
leading to a disrupted interaction between host and  inflammatory responses. Hence, modification of the

Microbiota consists of various microorganisms (bacte-
ria, fungi, and protozoa) (1). There is a symbiotic and
mutualistic relationship between microorganisms in
the gut microbiota and host (2). In mammals, the mi-
crobiota is composed mainly of four main phyla of eu-
bacteria: Bacteroidetes, Firmicutes, Actinobacteria, and
Proteobacteria (3, 4). The microbiota plays significant
roles in various physiological events, such as protection
against infection, recovery from disease, drug metabo-
lism, nutritional status, and vitamin synthesis (3, 5).
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microbiota composition can restore nutritional deficiencies and
anti-inflammatory effects (9).

Probiotics have attracted attention as an opportunity to treat
and prevent different diseases such as diabetes, obesity, aller-
gies, and infections (10-12). In recent years, the question has
been raised as to whether restoration of ICU patients through
probiotics or synbiotics to interfere with the preservation and
degradation of the microbiota would be an optimal interfer-
ence to prevent infection and improve recovery.

The supplementation of probiotics offers a significant approach
to critical illness therapy because of the important roles of mi-
crobiota in the modulation of nutrient production and absorp-
tion, and inflammation (9). Probiotics are live microorganisms
which, when they are administered in adequate amounts, con-
fer a health benefit on the host (13).

Different dietary supplements, functional foods, or probiotic
strains that can be beneficial for human health have been de-
signed. Data obtained from studies have supported the use of
bacterial spore formers as probiotics and food supplements
(14).

Bacillus spp., one of the spore-forming probiotics, are Gram-pos-
itive, aerobic or facultative anaerobic bacteria, and can survive
in heat, acidic stomach, and other extreme environmental con-
ditions (15-17). Therefore, spores of Bacillus spp. are generally
used as probiotic preparations for different purposes (18).

Acute kidney injury (AKI) is a serious and common complica-
tion of sepsis in ICU patients (19). The pathophysiology of AKI
in endotoxemic shock or sepsis is complex, and contains hemo-
dynamic changes, inflammation, and damage. Moreover, sep-
sis-induced immune responses include the activation of both
pro-inflammatory and anti-inflammatory events (20, 21). In the
literature, it has been shown that the gut microbiota plays a role
in kidney disease (22-25). Although the function of gut micro-
biota has been determined in kidney disease, the relationship
between AKI and microbiota is not yet fully understood.

This study aimed to investigate the effects of the probiotic bac-
terium Bacillus clausii on renal oxidative stress in a lipopolysac-
charide (LPS)-induced AKI model.

MATERIALS AND METHODS

Animals and Experimental Protocol

The experiments were designed with 27 male Wistar albino rats
(3 months old, 300-400 g) supplied from Bezmialem Vakif Uni-
versity, Istanbul, Turkey. The animals were allowed free access
to a pelleted diet and tap water. The study was approved and
reviewed by Bezmialem Vakif University Animal Experiments
Local Ethics Committee (Decision no: 2021/54).

The rats were divided into four groups. The control group (n=6)
was injected intraperitoneally (ip) with 0.9% NaCl solution
(physiological saline) after physiological saline was given by
gavage for 21 days. In the LPS group (n=7), LPS (1.5 mg/kg LPS,
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ip, E. coli, Serotip 0111: B4, Sigma, Missouri, USA) was injected
ip after physiological saline was given by gavage for 21 days.
In the Probiotic+LPS group (n=6), LPS was injected ip into an-
imals after the administration of B. clausii (1.25 ml, 1x10° CFU
per animal via gavage) as a commercial probiotic (Enteroger-
mina®, Sanofi, Turkey) for 21 days. Probiotic group (n=8) was
ip treated with physiological saline after B. clausii was given
by gavage for 21 days. All applications were done at the same
time every day.

The rats were anesthetized 24 hours after LPS injection. The kid-
ney samples were removed for biochemical and immunohisto-
chemical analyses.

Biochemical Analyses

The tissue samples were homogenized and centrifuged at 3000
rpm for 20 minutes at +4 °C (Sorvall Super T21, Benchtop Cen-
trifuge). The supernatants were collected from homogenates.

Total oxidant status (TOS) (umol H,0, eq/L), total antioxidant
status (TAS) (mmol Trolox eq/L), and oxidative stress index (OSI)
(arbitrary unit) were measured in the kidney tissues using com-
mercial kits (Rel Assay Diagnostics; Gaziantep, Turkey).

Malondialdehyde (MDA) in the kidney was measured using the
spectrophotometric method (26). The results were expressed as
nmol/mg protein.

Myeloperoxidase (MPO) activity was measured according to the
method of Krawisz et al. (1984) (27). The results were expressed
as pmol/mL.

Protein levels in homogenate/postmitochondrial fractions were
measured using the bicinchoninic acid reaction (28).

Immunohistochemical Analyses

The kidney samples were fixed in a neutral buffer formaldehyde
solution, and histologically processed as previously described
(29). The kidney sections (5 pum thick) were stained with tumor
necrosis factor (TNF)-a (diluted 1/200) (Abcam ab66579), inter-
leukin-6 (IL-6) (diluted 1/200) (Abcam, 6672), and MPO (diluted
1/75) (Thermo Fisher Scientific, RB-373-A) antibodies. The anti-
body staining was scored as previously described by Legrand
etal. (29).

Statistical Analysis

Significant differences between groups were estimated using
one-way ANOVA with Tukey’s post-test using GraphPad Prism
version 5.0 for Windows (GraphPad Software, San Diego, CA,
USA). A value p<0.05 was considered statistically significant.
The results were expressed as the mean+SEM.

RESULTS

Biochemical Results

TOS levels increased in renal tissues of LPS-injected animals
(p<0.001), and diminished in the Probiotic+LPS group, but
was high with respect to the control (p<0.001). In the Probiotic
group, TOS levels elevated according to the control (p<0.05)
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Figure 1. Effects of a probiotic bacterium Bacillus clausii on renal oxidative stress in lipopolysaccharide (LPS)-induced endotoxemia. (A)
Kidney total oxidant status (TOS), (B) total antioxidant status (TAS) and (C) oxidative stress index (OSI) values in the experimental groups.
"p<0.001,"p<0.05 vs. Control group. **+p<0.001, *p<0.01, *p<0.05 vs. LPS group.
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Figure 2. Effects of a probiotic bacterium Bacillus clausii on kidney malondialdehyde (MDA) levels (A) and myeloperoxidase (MPO) activi-
ty (B) in lipopolysaccharide (LPS)-induced endotoxemia. “"p<0.001, “p <0.01, "p<0.05 vs. Control group. **p<0.01, *p<0.05 vs. LPS group.

(Figure 1A). TAS levels reduced in renal tissues of the LPS group.
Administration of the probiotic caused an increase in TAS levels
(p<0.01) in the Probiotic+LPS group. Moreover, TAS level was
similar to the control group. TAS levels increased in the Probiotic
group compared with the control group (p<0.001) (Figure 1B).
OSI values increased (p<0.001) in the LPS group compared
with the control group. In the Probiotic+LPS group, OSI values
decreased compared with the LPS group (p<0.05). OSl values of
probiotic treated groups were similar to the control (Figure 1C).

MDA levels increased in LPS-treated animals (p<0.01) and re-
duced in the Probiotic+LPS group (p<0.05) when compared to
this group. MDA levels of the Probiotic+LPS and Probiotic groups
resembled the control group (Figure 2A). MPO activity elevated
in the LPS group (p<0.001) and diminished in the Probiotic+LPS
group when compared to this group. In the Probiotic+LPS
group, it was high with respect to the control group (p<0.01).
MPO activity of the Probiotic group was higher than the control
group, but it was not statistically significant (Figure 2B).
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Immunohistochemical Results

IL-6 and TNF-a reaction and MPO-stained leukocytes are pre-
sentedin Figure 3.LPS-induced endotoxemia caused anincrease
in TNF-a and IL-6 reactions in the kidney tissues (p<0.001). The
probiotic administration decreased IL-6 (p<0.001) and TNF-a re-
action (p<0.01) compared with the LPS group. The distribution
of MPO-stained leukocytes was marked in both glomeruli and
peritubular areas in the LPS groups (p<0.001) in comparison to
the control group. The probiotic did not affect the distribution
of MPO-stained leukocytes in the kidney tissue in LPS given an-
imals (Figure 3).

DISCUSSION

AKl is an important health problem (19). Sepsis, endotoxemia,
ischemia reperfusion, or nephrotoxins cause AKI (30). The fun-
damental interaction between kidney and gut microbiota is an
important regulating factor in AKI (22, 23). Gut microbes are as-
sociated with physiological and pathophysiological processes
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Figure 3. The immunoreactivity and distribution of tumor necrosis factor (TNF)-a, interleukin-6 (IL-6), and myeloperoxidase (MPO)-
stained leukocytes (—) in kidney sections, and HSCORE values of immunoreactive reactions in the experimental groups. Bar: 50 pm.
LPS: lipopolysaccharide. ""p<0.001 vs. Control group. **p<0.001, **p<0.01 vs. LPS group.

in the kidneys (23). Short chain fatty acids (SCFAs) that gut mi-
crobes produce improved sepsis-induced AKI (24) and reduced
kidney damage and levels of reactive oxygen species and cyto-
kines after kidney ischemia-reperfusion injury (25). Renal struc-
tural injury and functional decline following ischemia-reperfu-
sion injury were more severe in germ-free mice compared with
control mice (31). It was reported that severely abnormal gut
microbiota in patients with renal failure led to aggravate kidney
disease (32). Protecting the balance of the gut microbiota was
stated to be important for ameliorating dysbiosis that results
in immunological dysfunction, inflammation, and renal disease
(23). Although the function of gut microbiota has been deter-
mined in kidney disease, the link between AKI and microbio-
ta is not yet fully understood. Major advances in studies of the
composition and functions of gut microbiota have opened up
the opportunity for application of treatment strategies for AKI
patients (22).

Changes in gut microbiota control metabolic endotoxemia
characterized by translocation of lipopolysaccharides in sys-
temic circulation, and induction of oxidative stress and inflam-
mation in obesity and diabetes (12). Avila et al. suggest that
probiotics and fecal microbiota transplantation could present
immunomodulatory advances and may be functional for treat-
ment of pediatric septic patients (33). The different probiotics

could reduce the oxidative damage and inflammation in intes-
tines of animals with sepsis (33). Probiotics prevent intestinal
and liver damage in sepsis induced with administration of LPS
and D-galactosamine (11). The selected probiotic isolates re-
duced the LPS-caused inflammation in murine macrophage
cell line (34). Lactobacillus salivarius reduced inflammation and
oxidative stress in cisplatin-induced AKI. These effects were
partially mediated by modulating the gut environment (35). In
a rat study of sepsis that was induced by injection of LPS after
the administration of Lactobacillus rhamnosus gg as probiotic
(1x10” CFU/day) for 10 days, the probiotic was revealed to have
exerted protective effects (36). Similarly, LPS induced oxidative
stress and inflammation in the present study. Moreover, the
pre-treatment with a probiotic prevented oxidative stress, and
exerted protective effects in endotoxemia that was induced by
LPS. The probiotic administration after LPS treatment induced
a humoral immune response by increasing the levels of immu-
noglobulins E, A, G, and M (37).

A number of Bacillus strains as probiotic have been studied for
their potential functions in vivo and in vitro models (38, 39). B.
clausii is an endospore-forming, gram-positive, facultative alka-
liphilic rod bacterium (15), and is able to grow under aerobic
and anaerobic conditions and survive gastric acidity (16, 17).
The role of the Bacillus species ranges from the probiotic nature
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of B. clausii, B. subtilis, B. pumilus, B. coagulans and other strains,
to biological control agents (B. sphaericus and B. thuringiensis)
and pathogenicity (B. cereus and B. anthracis) (18). The effects
of B. clausii have been associated with antimicrobial and immu-
nomodulatory properties (40). B. clausii had a role in produc-
tion of pro-inflammatory and anti-inflammatory cytokines (41).
Furthermore, B. clausii strains release antimicrobial substances
(40). The probiotic B. clausii strain inhibits the cytotoxic effects
caused by B. cereus and Clostridium difficile toxins (38). B. clausii
may reveal immunomodulating activity in nasal lavage of aller-
gic children (10). B. clausii inhibited secretion of pro-inflamma-
tory cytokines and reactive oxygen species production in rota-
virus-infected cells (39). It was demonstrated that pretreatment
with probiotic capsules of Bacillus species spores caused a sig-
nificant decrement in pro-inflammatory cytokines (42). Treat-
ment with B. clausii UBBCO7 importantly attenuated oxidative
stress by increasing catalase and SOD, and decreasing MDA in
acetaminophen-induced uremia in rats (43). In our study, the
treatment with B. clausii importantly ameliorated the oxidative
stress and lipid peroxidation caused by LPS injection.

Current data showed that Enterogermina, a spore-based probi-
otic formulation of Bacillus spp., is a trusted probiotic to manage
acute diarrhea and intestinal infections (44) and to decrease an-
ti-Helicobacter pylori treatment (45, 46), and exhibits immuno-
modulatory and antimicrobial activities (10, 40).

In the study, the effects of probiotic B. clausii, marketed as En-
terogermina®, on rat kidneys were examined in LPS-induced
AKI. Similar to current data, the present study indicated that
probiotic B. clausii has antioxidant and anti-inflammatory prop-
erties. The results revealed that LPS gave rise to increase TOS
and decrease TAS. It can be said that LPS-induced endotoxemia
caused oxidative stress as indicated with an increase in the
oxidative stress index. Furthermore, it was found that endo-
toxemia increased the levels of lipid peroxidation and inflam-
mation in the kidney tissue. In addition, expression of pro-in-
flammatory cytokines such as TNF-a and IL-6 and leukocytes
infiltration was determined in kidney tissues of endotoxemic
rats. The pre-treatment with B. clausii ameliorated the oxidative
stress, lipid peroxidation, and inflammation, and decreased ex-
pression of pro-inflammatory cytokines in LPS-induced endo-
toxemic rats. However, probiotic treatment did not affect the
distribution of leukocytes in kidney tissues.

CONCLUSION

Our results suggested that probiotic B. clausii may have an an-
tioxidative and anti-inflammatory property in LPS-induced AKI.
Therefore, the present study supports the efficacy of B. clausii in
the attenuation of LPS-induced AKI. Nevertheless, further stud-
ies should be performed to determine the exact role and effect
mechanisms of this probiotic in kidney disease.
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ABSTRACT

Objective: In this study carried out in Blylikcekmece Reservoir, the composition, distribution, seasonal changes of epiphytic
diatoms that live on the surfaces of plants, and the effects of environmental parameters on these organisms were investigated,
and it was aimed to reveal the water quality of the reservoir.

Materials and Methods: In order to determine the seasonal changes of epiphytic diatom species in Biiyiikcekmece Reservoir,
water and material samples were collected from five stations in 2019. In the study, water temperature, salinity, conductivity,
dissolved oxygen, and pH values, which are among the basic ecological variables, were measured. Epiphytic diatom samples
were obtained from Phragmites sp. species. Also, Spearman's rank correlation, Shannon-Weaver diversity index, Cluster
(Bray—Curtis and Euclidean Distance), and ordination analysis (DCA and CCA) were applied in the study.

Results: 66 epiphytic diatom species were identified in this study, and 36 of these species are new records for the reservoir.
Most epiphytic diatom species were obtained in August, and the lowest number was obtained in November. According to the
pH values, it was determined that the reservoir is alkaline. In addition, it was determined that the main factors affecting the
distribution of epiphytic diatom species in the reservoir are temperature and conductivity, and it was revealed that ecological
variables affect species distribution.

Conclusion: According to conductivity and DO values, it was determined that the reservoir was of very good and of good
quality, and in terms of DO values, the reservoir was mainly oligotrophic. However, station 5 was mesotrophic during the
August sampling period, station 4 was mesotrophic, and station 5 was eutrophic in November. Also, Blytikcekmece Reservoir
was found in poor and moderate status according to H' classification.

Keywords: Epiphytic diatom, Bacillariophyceae, Correlation, Water quality, Istanbul, Turkey

INTRODUCTION (1). Diatoms are responsible for almost 20-25% of the

oxygen produced on Earth in aquatic ecosystems (2).
Diatoms (Bacillariophyceae) are among the unicellular,  Diatoms constitute the vast majority of benthic al-
microscopic groups of algae with high distribution in  gae species in freshwater and seas (3,4), and they are
freshwaters. Their existence on Earth, dating back 185  distributed in almost all habitats. Due to their high
million years ago, has been proven by the fossil records  tolerance range against environmental factors, they
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spread in a wide variety of aquatic environments (5-7). In their
environment, they play an important role in the food chain for
other aquatic organisms (8). By taking part in the carbon cycle
through the photosynthesis process they perform, these organ-
isms present in the photic zone play a key role in the elimination
of atmospheric greenhouse gases that significantly contribute
to global warming (9). They are used in biological monitoring
studies because they respond to environmental parameters
and the changes of these parameters faster than other living
things. The presence of diatoms in all kinds of aquatic ecosys-
tems, their ability to reach a high number of species even in
small areas, including polluted and clean waters, and easy sam-
pling are why they are preferred for comparing aquatic ecosys-
tems with each other.

In recent years, the growths in industrialization, the excessive
proliferation of the human population, and human insensitivity
to the ecosystem have brought many environmental problems.
It is worrying for humanity that freshwater reserves necessary
for life are rapidly depleted or have become unusable. Protec-
tion of surface water resources and monitoring water pollution
are among the priority points of many countries. For this rea-
son, the use of biological organisms has increased in recent
years in monitoring water pollution situations. Many countries
have defined the biological quality steps by continuously fol-
lowing their current water potentials and have developed a
national water quality system to monitor these resources in
certain periods. While European Union member countries carry
out these studies within the scope of the EU Water Framework
Directive (WFD) (10), in Turkey, according to the Water Pollution
Control Regulation (11) and the Surface Water Quality Control
Regulation (12), determinations can be made about the water
quality status of the resources. Although the commonly used
parameters are various basic ecological variables such as water
temperature, pH, dissolved oxygen, and nutrients, the excessive
increase or decrease of some biological groups depending on
these variables are observed. In particular, species composition
and the abundance status of diatoms change depending on
these variables and are used as an important indicator in deter-
mining the trophic status of lakes (13-16).

When the studies carried out in Blylkcekmece Reservoir are
evaluated, it has been seen that the studies include all algae
groups which are generally living in benthic and pelagic plank-
ton (17-24). Also, studies on benthic algae have also been car-
ried out, and it has been revealed that the diatoms are domi-
nant organisms compared to the other groups in terms of the
number of species in all of the studies. Among these studies,
Temel (17) conducted a study on epipelic algae in the reservoir
and defined the benthic flora of the lake as very poor in terms of
species and abundance. The same researcher studied epiphytic
and epilithic algae in another study and reported that 43 dia-
tom species were encountered in the epiphytic habitat in the
Buylikcekmece Reservoir (18). In addition to these studies car-
ried out in the reservoir, the importance of the water catchment
areas is another reason for this study. Lakes, one of the most
important freshwater reserves, are important natural areas with
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many features such as their biological life and their roles in fish-
ing, recreation, tourism, and the hydrological cycle. Since the
water catchment basins of the reservoirs are wider than natu-
ral lakes, they are more affected by the pollution in the basin.
Therefore, it is necessary to carry out monitoring studies, es-
pecially in areas where drinking water is supplied (25). In this
context, in this study carried out in Blyilik¢ekmece Reservoir,
the composition, distribution, seasonal changes of epiphytic di-
atoms that survive on plants, and the effects of environmental
parameters on these organisms were investigated, and it was
aimed to reveal the water quality of the reservoir.

MATERIALS AND METHODS

Study Area

While Buylikcekmece Reservoir was one of the coastal lagoons
of the Sea of Marmara until 1989, it was disconnected from the
sea with an earth-filled embankment and took its current form
(26). The reservoir, which is one of the drinking water resourc-
es of Istanbul today, is located between the Biylikcekmece,
Catalca, and Esenyurt districts on the European continent of Is-
tanbul. The surface area of this reservoir, which is 2 km wide and
7 km long, is 43 km? 400,000 m® of drinking water is obtained
per day from the reservoir, which has a maximum water accu-
mulation volume of approximately 149x10° m*(27).

Sampling and Analysis of Biotic and Abiotic Variables

In order to determine the seasonal changes of epiphytic diatom
speciesin the Bliylkcekmece Reservoir, water and material sam-
ples were collected from five stations in 2019 (February, May,
August and November) (Figure 1). The main ecological variables
of the environment; water temperature, salinity, conductivity,
dissolved oxygen, (DO) and pH values; were measured during
the field studies with the YSI-556 model multiprobe.

Diatom samples were obtained by taking 10 cm long sections
from the part of the Phragmites sp. species within the water and
30 cm below the water surface. In November, it was observed
that the water level in the reservoir decreased by up to 40%
(28). In this season, since Phragmites sp. was not found within
the water in stations except for station 2, no epiphytic diatom
sampling was performed at other stations. The sections taken
from the Phragmites sp. species were repeated as three repli-
cations for each station. These sections, which were taken into
plastic containers with 100 ml of distilled water, were shaken
moderately to mix the diatom species with the water, and 4%
formaldehyde (buffered with borax) was added to ensure fix-
ation (29). The samples brought to the laboratory immediately
after the field study were kept at room temperature.

Pre-Treatment of Diatom Samples, Preparations of Perma-
nent Slides and Identification

Diatom frustules were burned and permanent slides prepared
according to Hendey (30) and Battarbee et al. (31). Accordingly,
in order to eliminate the organic material in the cells, the sam-
ples were first kept in a 10% hydrochloric acid (HCI) solution
overnight and then washed with distilled water. Then, hydro-
gen peroxide (H,0,) was added to the samples on a hotplate,
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Figure 1. Sampling area and location of stations in the Buiylikcekmece Reservoir.
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the samples were boiled at 150°C for about 5 hours, and their
SiO,-containing skeletons were exposed. Naphrax was used in
the preparation of permanent slides, and the prepared slides
were examined under an Olympus BX51 light microscope
at x1000 magnification. In the identification of the species,
Hustedt (32), Patrick and Reimer (33,34), Round et al. (2), and
Krammer and Lange—Bertalot (35-38) were used. For each sam-
ple from the permanent slides prepared for counting, 300 di-
atom frustules were counted randomly under the microscope,
and the relative abundance of the species was computed as a
percentage.

Statistical Analysis of the Biotic and Abiotic Variables
Spearman's rank correlation was used in determining the re-
lationship between biotic and abiotic variables (39), Shan-
non-Weaver diversity index (40) was used in determining the
species diversity of stations, and Bray—Curtis similarity analysis
was used in determining the similarity of stations according to
epiphytic diatom species and individual numbers. Euclidean
Distance was used in determining the similarity of stations in
terms of ecological variables (41). Before clustering analysis,
Bray—Curtis (log x + 1) and Euclidean Distance (Normalisation)
data were transformed. From statistical analysis, Spearman's
rank correlation was analyzed in the SPSS v.25 package pro-
gram, while Shannon-Weaver diversity index, Bray—Curtis sim-
ilarity analysis, and Euclidean Distance were analyzed in the
Primer v.6 programs.

Ordination analysis was carried out to reveal the relationship
between environmental variables and the relative abundance
data of the species. While the method was preferred, firstly, the
detrended corresponding analysis (DCA) stated by Leps and
Smilauer (42) was employed by means of the PC-ORD 6.0 pro-
gram (43). As the longest gradient was obtained as 4.002 (Axis
1, Eigenvalue: 0.81737) as a result of DCA analysis, the direct gra-
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dient analysis canonical correspondence analysis (CCA) was pre-
ferred for ordination analysis. The first two CCA axes explained
a total of 37.9% of the cumulative variance in species data, and
the correlation between the response variable (epiphytic dia-
toms) and the predictive variables (ecological parameters) was
determined as 93.5%. Environmental variables used in CCA
were tested in the SPSS 25.0 program with the Monte Carlo
test (with 499 permutations) (p<0.05). The abundance data of
diatoms were analyzed by including all sampling periods and
species with an observation frequency of "> 5%" at stations (42),
and the CCA ordination diagram was drawn in the PAST 4.0 pro-
gram (44). In addition, according to the Surface Water Quality
Control Regulation (12), the water quality classes and trophic
status of the reservoir were revealed. Also, the ecological status
of the reservoir has been classified according to Molveer et al.
(45), and this classification was based on H' values. In this clas-
sification, they have been classified into 5 ecological groups as
follows: “High status”> 3.8;“Good status” 3.0-3.8;"Moderate sta-
tus” 1.9-3.0; “Poor status”0.9-1.9; “Bad status” < 0.9.

RESULTS

Ecological Variables

Results of ecological variables recorded at five stations in
Buylkcekmece Reservoir are given in Figure 2. In the measure-
ments performed in the reservoir, it was recorded that the water
temperature was between 5.01-26.65°C. The lowest water tem-
perature was measured at station 3 in the February sampling,
and the highest water temperature was measured at station 4
in the August sampling. The values measured in the February
sampling are much lower than in the other sampling periods.
The highest water temperature in this period was determined
as 5.64°C. During the sampling periods, the highest water tem-
perature variation between stations was observed in the May
sampling. Considering the salinity values of the lake during the
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Figure 2. Changes of ecological variables in the Blytikcekmece Reservoir.

year, it was observed that it was below 1% in all sampling pe-
riods and varied between 0.25-0.88 %o. The lowest value was
measured from stations 1 and 2 in the August period, and the
highest value was measured from station number 3 in Novem-
ber. During the study, it was observed that the salinity rate of
the reservoir was higher in the November sampling, which is
the period when the occupancy rate of the reservoir is the low-
est, compared to other periods. Dissolved oxygen (DO) values
were recorded between 3.87 and 18.96 mg/L. The lowest DO
value was measured from station 5 in the November sampling,
and the highest value was measured from station 5 in the Feb-
ruary sampling.

Conductivity in water was measured as 0.312-1.322 mS/cm be-
tween sampling periods. The lowest conductivity was recorded
at station 2 in the May sampling, and the highest was recorded
at station 5 in the November sampling. The highest conductivi-
ty difference between the stations was obtained in the Novem-
ber sampling. As the pH values in the reservoir varied between
7.49 and 8.28, it was determined that the reservoir is of alkaline
characteristics. The highest (St.5) and lowest (St.3) pH values
were measured in the February sampling, and the highest pH
difference between stations was observed in this period.

Epiphytic Diatoms Composition and Abundance

In this seasonal study conducted in Biytlikcekmece Reservoir,
66 epiphytic diatom species were identified, 5 of which were
genus level (Figure 3-5). In the study, one (1.5%) species from
centric diatom and 65 (98.5%) species from pennate diatoms
were obtained (Table 1). 36 of the identified species are new
records for the reservoir, and the genera Eunotia, Geissleria,
Hippodonta, and Tabularia were reported for the first time with
this study (Table 1). Most species in the study belonged to
Navicula (8 species), followed by Gomphonema (7 species) and
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Cymbella (6 species). While the highest number of epiphytic
diatom species was obtained in August (43 species) and May
(38 species), fewer species numbers were obtained in February
(28 species) and November (25 species).

When the number of species obtained at stations was evaluat-
ed, the highest number of species was obtained from station 5
(18 species), and the lowest number of species was obtained
from station 3 (5 species) in the February sampling. During
this sampling period, Fragilaria vaucheriae, Fragilaria sp.2, and
Gomphonella olivacea were found in all stations (100%). When
evaluated in terms of relative abundance (Figure 6a), it was de-
termined that G. olivacea was dominant in all stations (>49%)
and reached the highest abundance (74%) at station 1. In the
study, Fragilaria sp.1, Gomphonema sp., Navicula capitatoradia-
ta, Nitzschia intermedia, and Tabularia fasciculata were observed
only in this period, and their relative abundance at the stations
where they were observed remained below 2%. During this pe-
riod, a total of 8 cells were found at station 3, and the targeted
300 cells in terms of relative abundance could not be reached.
Among the obtained cells, G. olivacea (50%) was found to be
dominant as in other stations.

In the May sampling, the highest number of species was ob-
tained from station 4 (21 species) and the least number of
species from station 2 (12 species). During this period, Achnan-
thidium sp., Cymbella affinis, Encyonopsis minuta, Fragilaria
perminuta, and Gomphonema pumilum were recorded from all
stations and in terms of relative abundance (Figure 6b). Cymbel-
la lange-bertalotii (34%) at station 1, C. affinis (56%) at station
2, Achnanthidium sp. (40%) at station 3, Encyonema auerswal-
dii at station 4 (22%), and G. pumilum (29%) at station 5 were
observed to be dominant. Eunotia bilunaris, Geissleria decussis,
Hippodonta hungarica, Navicula novaesiberica, and Tryblionella
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28) F. vaucheriae, 29) Fragilaria sp.1, 30) Fragilaria sp.2.

Figure 3. 1) Aulacoseira granulata, 2) Achnanthidium sp., 3) Amphora copulata, 4) A. ovalis, 5) A. pediculus, 6) Cocconeis pediculus, 7) C.
placentula, 8) Craticula cf. ambigua, 9) C. cuspidata, 10) Cymatopleura elliptica, 11) Cymbella affinis, 12) C. cantonatii, 13) C. compacta, 14)
C. lange-bertalotii, 15) C. neocistula, 16) C. tumida, 17) Diatoma mesodon, 18) D. tenuis, 19) Encyonema auerswaldii, 20) E. minutum, 21) E.
prostratum, 22) E. ventricosum, 23) Encyonopsis minuta, 24) E. subminuta, 25) Eunotia bilunaris, 26) Fragilaria cf. capucina, 27) F. perminuta,

23 24 25 26 27 28 29

30

hungarica were observed only in this season, and their relative
abundance is less than 4%.

In the August sampling, the highest number of species was
determined at station 5 (27 species), and the least number of
species weredeterminedatstation 3 (11 species).Achnanthidium
sp., Cocconeis placentula, Fragilaria perminuta, and Navicula
reichardtiana were observed in all stations. In terms of relative
abundance, in this period, C. affinis (27%) at station 1, C.
placentula (30%) at station 2, Achnanthidium sp. (67%) at station
3, C. placentula (82%) at station 4, and E. auerswaldii (43%) at
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station 5 (Figure 6c) were strikingly dominant. Aulacoseira
granulata, the only member of centric diatom observed in the
study in this sampling period, Amphora copulata, Craticula cf.
ambigua, Craticula cuspidata, Gomphonema acuminatum, G.
augur, Planothidium lanceolatum, and Tryblionella apiculata
from pennate diatoms were found only in this season, and the
relative abundance of species other than P. lanceolatum (5%)
remained below 1%.

In November, no Phragmites sp. were encountered. For this
reason, sampling was performed only at station 2, and 25
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Figure 4. 1) Geissleria decussis, 2)

lanceolatum, 28) Rhoicosphenia abbreviata.

13

Gomphonella olivacea, 3) Gomphonema acuminatum, 4) G. augur, 5) G. italicum, 6) G. micropus, 7) G.
minuta, 8) G. pumilum, 9) Gomphonema sp., 10) Gyrosigma kuetzingii, 11) Hippodonta hungarica, 12) Navicula capitoradiata, 13) N. com-
pressa, 14) N. cryptotenelloides, 15) N. novaesiberica, 16) N. reichardtiana, 17) N. tripunctata, 18) N. trivialis, 19) N. veneta, 20) Nitzschia
amphibia, 21) N. dissipata, 22) N. inconspicua, 23) N. intermedia, 24) N. recta, 25) Placoneis sp., 26) Planothidium frequentissimum, 27) P.

14 15 16
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epiphytic diatom species were found. Fragilaria perminuta
(31%) and Navicula tripunctata (29%) were identified as the
dominant species in this period (Figure 6d). Navicula compressa,
Nitzschia inconspicua, N. recta, and Rhoicosphenia abbreviata
were also found only in this period, and the relative abundance
of the species was observed to be below 1%.

Statistical Evaluation of Data
In order to reveal the relationship between the number of spe-
cies of epiphytic diatoms in the reservoir and environmental
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parameters, Spearman's rank correlation was performed (Table
2), and it was determined that there was only a positive correla-
tion between the number of epiphytic diatom species and the
conductivity (p<0.05).

Ordination analyses were run to reveal the relationship be-
tween epiphytic diatom species and ecological variables (Fig-
ure 7). In the CCA analysis performed, the results show that en-
vironmental factors are effective in the distribution of epiphytic
diatom assemblages. The most effective explanatory factors
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Figure 5. 1) Surirella angusta, 2) S. brebissonii, 3) Tabularia fasciculata, 4) Tryblionella apiculata, 5) T. hungarica, 6) Ulnaria acus, 7) U. biceps,
8) U.ulna.

Table 1. The list of epiphytic diatoms in the Buylkcekmece Reservoir (“*” shows the new record species in the reservoir).

Taxa February May August November

Centric diatoms

Aulacoseira granulata (Ehrenberg) Simonsen, 1979 +

Pennate diatoms

Achnanthidium sp. + + +
*Amphora copulata (Kiitzing) Schoeman&Archibald, 1986 +

Amphora ovalis (Kiitzing) Kutzing, 1844 + +

*Amphora pediculus (Kiitzing) Grunow, 1875 + +
*Cocconeis pediculus Ehrenberg, 1838 + + +
Cocconeis placentula Ehrenberg, 1838 + + + +
*Craticula cf. ambigua (Ehrenberg) Mann, 1990 +

Craticula cuspidata (Kiitzing) Mann, 1990 +
Cymatopleura elliptica (Brébisson) Smith, 1851 + +
Cymbella affinis Kutzing, 1844 + + + +
Cymbella cantonatii Lange-Bertalot, 2002 +

Cymbella compacta @strup, 1910 + +

*Cymbella lange-bertalotii Krammer, 2002 + +

*Cymbella neocistula Krammer, 2002 + +

Cymbella tumida (Brébisson) Van Heurck, 1880 + +
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Table 1 (Continued)

Taxa February May August November
Pennate diatoms (Continued)

*Diatoma mesodon (Ehrenberg) Kiitzing, 1844 + +
*Diatoma tenuis Agardh, 1812 +

*Encyonema auerswaldii Rabenhorst, 1853 + + +

*Encyonema minutum (Hilse) Mann, 1990 + + +

Encyonema prostratum (Berkeley) Kutzing, 1844 +

Encyonema ventricosum (Agardh) Grunow, 1875 + + +
*Encyonopsis minuta Krammer&Reichardt, 1997 + + + +
Encyonopsis subminuta Krammer&Reichardt, 1997 +

*Eunotia bilunaris (Ehrenberg) Schaarschmidt, 1880 +

*Fragilaria cf. capucina Desmaziéres, 1830 + 1
*Fragilaria perminuta (Grunow) Lange-Bertalot, 2000 + + + +
*Fragilaria vaucheriae (Kiitzing) Petersen, 1938 + + + +
Fragilaria sp.1 +

Fragilaria sp.2 + + +

*Geissleria decussis (@strup) Lange-Bertalot&Metzeltin, 1996 +

Gomphonella olivacea (Hornemann) Rabenhorst, 1853 + + + +
Gomphonema acuminatum Ehrenberg, 1832 +
Gomphonema augur Ehrenberg, 1841 +
*Gomphonema italicum Kiitzing, 1844 + +
*Gomphonema micropus Kutzing, 1844 i I I
*Gomphonema minuta Fusey, 1953 + + + +
*Gomphonema pumilum (Grunow) Reichardt&Lange-Bertalot, 1991 + + +
Gomphonema sp. +

*Gyrosigma kuetzingii (Grunow) Cleve, 1894 + +
*Hippodonta hungarica (Grunow) Lange-Bertalot, Metzeltin&Witkowski, 1996 +

*Navicula capitatoradiata Germain in Gasse, 1986 +

*Navicula compressa (Ehrenberg) De Toni, 1891 +
*Navicula cryptotenelloides Lange-Bertalot, 1993 + + +
*Navicula novaesiberica Lange-Bertalot, 1993 +

*Navicula reichardtiana Lange-Bertalot, 1989 + + + +
Navicula tripunctata (Miiller) Bory, 1822 + + + +
Navicula trivialis Lange-Bertalot, 1980 + + + +
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Table 1 (Continued)

Taxa February May August November
Pennate diatoms (Continued)

*Navicula veneta Kiitzing, 1844 + + +
*Nitzschia amphibia Grunow, 1862 + +

*Nitzschia dissipata (Klitzing) Rabenhorst, 1860 + + +
*Nitzschia inconspicua Grunow, 1862 +
*Nitzschia intermedia Hantzsch in Cleve&Grunow, 1880 +

*Nitzschia recta Hantzsch in Rabenhorst, 1862 +
Placoneis sp. +
*Planothidium frequentissimum (Lange-Bertalot) Lange-Bertalot, 1999 +
Planothidium lanceolatum (Brébisson in Kiitzing) Lange-Bertalot, 1999 +
Rhoicosphenia abbreviata (Agardh) Lange-Bertalot, 1980 +
Surirella angusta Kitzing, 1844 +

Surirella brebissonii Krammer&Lange-Bertalot, 1987 + + +

*Tabularia fasciculata (Agardh) Williams&Round, 1986 +

*Tryblionella apiculata Gregory, 1857 +

Tryblionella hungarica (Grunow) Frenguelli, 1942 -+

Ulnaria acus (Kiitzing) Aboal, 2003 +

Ulnaria biceps (Kiitzing) Compere, 2001 +

Ulnaria ulna (Nitzsch) Compeére, 2001 + + +

Total Number of Species in Seasons 28 38 43 25
Total Number of Species 66

are temperature and conductivity, respectively, and these vari-
ables played an important role in the distribution of the spe-
cies (p<0.05). It was determined that temperature, conductivity,
DO, and pH had a strong positive correlation with Axis 1, and
salinity had a strong positive correlation with Axis 2 (p<0.05).
According to CCA, it was revealed that the environmental vari-
ables measured in this study did not affect the distribution of C.
affinis and C. lange-bertalotii. It was determined that tempera-
ture was positively related with E. minuta, G. kuetzingii, and N.
veneta while being negatively related with N. dissipata and U.
ulna. In addition, conductivity had a positive correlation with E.
minuta and E. ventricosum while having a negative correlation
with C. compacta and U. ulna. Furthermore, this analysis shows
that E. minuta, N. trivialis, and N. veneta are negatively affected
by DO and pH, and F. vaucheriae, G. pumilum, N. dissipata, and S.
brebissonii by salinity.

In order to reveal the epiphytic diatom species diversity, the
Shannon-Weaver (H) diversity index was employed based on
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the number of species and individuals in all sampling periods
(Figure 8). Due to the low water level in November, only station
2 (H'=3.13) could be sampled, so other stations were not includ-
ed in the measurement. Considering all the sampling periods,
it was determined that the index varied between 1.24 (August)
and 3.38 (May).

Clustering analyses were used to determine the similarities of
the stations investigated in Blytik¢ekmece Reservoir. Accord-
ingly, while investigating the similarities of the stations in terms
of biotic variables, Bray—Curtis similarity analysis was employed
(Figure 9a), and it was determined that the highest similarity was
between stations 1 and 2 (69.1%). The lowest similarity rate was
observed between stations 2 and 3 (44.5%). It was also noted that
station 3 had a low similarity rate with other stations (<54%) and
differed from other stations. By using Euclidean distance (ED) to
determine the similarity between the stations in terms of ecolog-
ical variables (Figure 9b), stations 2 and 4 were found to be the
closest stations (ED= 4.8), and stations 3 and 5 were found to be
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Figure 6. The relative abundance of the dominant epiphytic diatom species (> 20%) in the Bliylikcekmece Reservoir (a) February, b) May,
¢) August and d) November; Cocconeis placentula: C. placentula, Cymbella affinis: C. affinis, Cymbella lange-bertalotii: C. lange-bertalotii,
Diatoma tenuis: D. tenuis, Encyonema auerswaldii: E. auerswaldii, Encyonopsis subminuta: E. subminuta, Fragilaria perminuta: F. perminuta,
Gomphonella olivacea: G. olivacea, Gomphonema pumilum: G. pumilum, Navicula tripunctata: N. tripunctata).

Table 2. Spearman’s rank correlation between environmental parameters and epiphytic diatoms (“p<0.01, ‘p<0.05, H: Shannon-
Weaver diversity index).

Temperature Salinity Conductivity  Dissolved oxygen pH Epiphytic diatoms
Salinity -0.236
Conductivity 0.553" 0.355
Dissolved oxygen -0.541" -0.126 -0.691"
pH -0.287 -0.417 -0.651" 0.784"
Epiphytic diatoms 0.276 -0.051 0.587" -0.264 -0.169
H' 0.062 -0.037 0.370 -0.118 -0.168 0,845™
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Figure 7. CCA results showing relationships between environ-
mental variables and epiphytic diatom taxa distributions (p <
0.05). (Cond: Conductivity, DO: Dissolved oxygen, Sal: Salinity,
Temp: Temperature; Amphora ovalis: A. ovalis, Cocconeis placen-
tula: C. placentula, Cymbella affinis: C. affinis, Cymbella compacta:
C. compacta, Cymbella lange-bertalotii: C. lange-bertalotii, Ency-
onema auerswaldii: E. auerswaldii, Encyonopsis minuta: E. minu-
ta, Encyonema ventricosum: E. ventricosum, Fragilaria perminuta:
F. perminuta, Fragilaria vaucheriae: F. vaucheriae, Gomphonel-
la olivacea: G. olivacea, Gomphonema micropus: G. micropus,
Gomphonema pumilum: G. pumilum, Gyrosigma kuetzingii: G.
kuetzingii, Navicula reichardtiana: N. reichardtiana, Navicula trivi-
alis: N. trivialis, Navicula veneta: N. veneta, Nitzschia amphibia: N.
amphibia, Nitzschia dissipata: N. dissipata, Surirella brebissonii: S.

brebissonii, Ulnaria ulna: U. ulna).

the most distant to each other (ED= 8.1). In terms of Euclidean
Distance, it was observed that station 3 differed from other sta-
tions, similar to the Bray—Curtis similarity analysis.

The Status of Biiyiikcekmece Reservoir in Terms of Water
Quality Parameters

According to the measured DO and conductivity in the study,
it was aimed to ascertain the ecological water quality class and
trophic level of the reservoir (Table 3). According to the Surface

Shannon-Weaver Diversity Index

4,0
3,5
3,0
2,5

T 20
1,5
1,0
0,5

0,0
12345{12345|12345|12345

November

February

Figure 8. Shannon-Weaver diversity index in the sampling pe-
riods.
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Figure 9. Dendrograms of cluster analysis based on Bray-
Curtis similarity index (a) and Euclidean Distance (b) in the
Buyiikcekmece Reservoir.

Water Quality Control Regulation (12) considering the conduc-
tivity and DO values, the reservoir is of very good (I) and good

Table 3. Ecological water quality status and trophic level of the lake according to conductivity and dissolved oxygen values
(Classification:“1"Very good, “II" good, “llI” Moderate; Trophic Level:“O" oligotrophic, “M” mesotrophic, “E” Eutrophic”).

Conductivity Dissolved Oxygen Trophic Status (DO)
Stations Feb May Aug Nov Feb May Aug Nov Feb May Aug Nov
1 | Il Il Il | Il | | (0] (0) (6} )
2 I I I I | I I I (0] (0] (0] (0]
3 I Il I I | I I I (0] (0] (0] (0]
4 I Il I I | | I 1] (0] (0] (0] M
5 | Il Il 11l | | 1] 1] 0} O M E
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(I) quality, but in terms of DO values in some seasons and sta-
tions (August and November), it is at the moderate (Ill) class wa-
ter quality level. At the same time, when the trophic level of the
lake was evaluated according to DO, it was determined that oli-
gotrophic conditions prevailed throughout the study, and the
eutrophic situation prevailed only at station 5 in the November
sampling period. When the reservoir is classified according to
H' values, stations 1, 2, and 4 were poor, stations 3 and 5 were
moderate in February; stations 1, 2, 3,and 5 were moderate, and
station 4 was good in May; stations 3 and 4 were poor, stations
2 and 5 were moderate, and station 1 was good in August while
station 2 was of good status in November.

DISCUSSION

In this study conducted seasonally on epiphytic diatoms in
Buylikcekmece Reservoir, 66 species were identified. 36 of the
identified species (54.4%) are new records for the reservoir, and
some genera (Eunotia, Geissleria, Hippodonta, and Tabularia)
were first encountered in this study in the reservoir. Also, in ad-
dition to these 36 new species records, the species which were
reported by Balkis—Ozdelice et al. (24) as new record species
for the reservoir (Cymbella cantonatii, C. compacta, Encyonopsis
subminuta, Navicula trivialis, and Surirella brebissonii), were also
found in this study.

In Buyuk¢ekmece Reservoir, only one study covering epiphyt-
ic diatoms was carried out (18), and 42 species were reported.
Of the species acquired by Temel (18), 13 species (13.7%) were
common, 29 species (30.5%) were found only in the study of
Temel (18), and 53 species (55.8%) were detected only in the
present study. According to these two studies, the number of
epiphytic diatom species of the reservoir was determined to
be 95. In addition to epiphytic algae in the reservoir, epilithic,
epipelic, and phytoplanktonic organisms in the water column
were also analysed (17-24). The species obtained from all these
studies are presented in a list (24). According to Balkis—Ozdelice
et al. (24), a total of 333 phytoplankton species were reported in
the reservoir, and it was stated that 128 of these species were
reported to be composed of diatoms. By adding 36 epiphytic
diatom species obtained in this study to the list, this number
was updated as 164 for diatoms and 369 for total phytoplank-
ton. When considering the epiphytic diatom studies carried out
in lakes and reservoirs in Turkey; 39 epiphytic diatom species
from Karkamis and Birecik Reservoirs (46), 31 from Lake Liman
(47), 66 from Lake Gala (48), and 61 from Lake Mogan (49)
have been reported. Accordingly, it has been determined that
Buylikcekmece Reservoir has a similar number of epiphytic dia-
tom species with other lakes and reservoirs.

While Temel (18) noted that Cocconeis placentula, Navicula tri-
punctata (=N. gracilis), and Nitzschia palea were common and
numerous, C. placentula and N. tripunctata were widely ob-
served in our study whereas N. palea was not found. In addition,
in the present study, C. affinis, E. minuta, F. perminuta, F. vauche-
riae, G. olivacea, G. minuta, N. reichardtiana, N. tripunctata, and
N. trivialis were widely recorded (in all seasons). Additionally, E.
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minuta and G. pumilum, which are reported to be rare species
for Turkish freshwater diatom flora (50), are commonly encoun-
tered in the reservoir, and E. subminuta, another rare species in
Turkey, was rarely observed in the Bliylk¢ekmece Reservoir.

In this study, it was observed that pennate diatom members
from epiphytic diatoms are dominant, especially G. olivacea
in the February sampling, C. affinis in May, Achnanthidium sp.
and C. placentula in August, and F. perminuta in November. The
dominance of pennate diatoms in the epiphytic habitat com-
pared to centric diatoms is similar to the previous study in the
reservoir (18), as well as with the studies performed in other
lakes (51-53). In addition, Round (54) reported that Fragilaria,
Cocconeis, Gyrosigma, Caloneis, Navicula, Amphora, Cymbella,
and Nitzschia are very common in calcareous waters while Pin-
nularia and Neidium are very common in acidic waters. In addi-
tion, Round (55,56) reported that in addition to these genera,
Cymatopleura elliptica species increased in neutral and slightly
alkaline waters, and Amphora ovalis increased significantly in
alkaline waters. In this study, the prevalence of the common
species in calcareous waters and the absence of Pinnularia and
Neidium, representing acidic environments in epiphytic habi-
tats, showed that the environment was calcareous and alkaline.
One of the ecological variables, the pH value between 7.49 and
8.28 also supports this finding.

As is known, diatoms are used as indicators of pH, conductivity,
salinity, and trophic level (57). Lange-Bertalot et al. (58) stated
that Navicula veneta, which was also observed in this study, is
one of the diatom types that can be used as a pollution indicator,
but the relative abundance of this species in the stations anal-
ysed in Bylikcekmece Reservoir remained below 1%. Overall in
the study, G. olivacea is the species that increased its abundance
at low temperature and high pH values. Similarly, Kocer and Sen
(59) stated in their study in Lake Hazar that this species is domi-
nant under similar ecological conditions. Since the relationship
of this species with temperature and pH could not be revealed
in the CCA analysis, it was not possible to conclude whether it
could be used as an indicator or not. Also, in CCA analysis, it was
determined that N. veneta had a positive relationship with tem-
perature and E. ventricosa had a positive relationship with con-
ductivity (p<0.05). These species can be considered as potential
indicators, but further studies are needed to verify their status
as indicator species. Also, according to ordination analysis, tem-
perature and conductivity were revealed to be the main factors
affecting diatom distribution.

Surirella brebissonii, F. vaucherii, and N. dissipata, which are
epiphytic diatom species, were negatively correlated with
temperature and salinity; C. compacta and U. ulna were
negatively correlated with conductivity; E. minuta, N.
trivalis, and N. veneta were negatively correlated with pH and
DO. With the spring period, an increase in temperature and
conductivity was observed, and it was determined that C.
affinis and C. lange-bertalotii, which are dominant species
in this period, were not affected by the ecological variables
measured in the study. However, Kelly et al. (60) reported
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that C. affinis could be specified as a high—quality indicator
type for moderately alkaline lakes. In this study, pH varied
between 7.91 and 8.05 during the periods when C. affinis was
dominant. With temperature conditions reaching the optimum
level (~25°C) during the summer period, Achnanthidium sp.
and C. placentula became dominant. Among these species,
C. placentula was found to show a positive correlation with
temperature and conductivity. It was noted that this species
was not observed under 0.500 mS/cm conductivity value and
reached the maximum abundance at station 4 in August when
the highest temperature value in the study was determined.
Kindt and Small (61) reached similar results with this study and
stated that the abundance of C. placentula increased with the
increase in temperature.

Van Dam et al. (62) stated that the species belonging to the ge-
nus Cymbella and Eunotia were found in regions with high dis-
solved oxygen concentrations. Similarly, in the Buyiikcekmece
Reservoir, DO has reached a high concentration (18.4 mg/L) at
station 2 in May while the relative abundance of C. affinis and C.
lange-bertalotii at this station reached 76%. In addition, Eunotia
bilunaris was observed only in the May sampling where the DO
concentration was high. Cox (63) reported that Navicula capita-
toradiata and N. veneta were more common in waters with high
conductivity. Contrary to this finding, both species were found
abundant in February and May samples (compared with other
seasons), where the conductivity was low in the Blyulkcekmece
Reservoir. Reimer et al. (64) stated that C. placentula is a cos-
mopolitan species due to its high tolerance to the change of
environmental factors. As similar, C. placentula was observed in
almost every season in this study.

As it is known, as the temperature increases, the solubility of
gases decreases. It was observed that the dissolved oxygen
concentration increased with the decrease in temperature in
cold periods (February, November) in the Blytikcekmece Reser-
voir. Similar results were found in a study conducted in Tasmanli
Pond (65). The number of species was also found to be high in
May and August, which represent warm periods. However, in a
study conducted in Topgu Lake (51), a decrease in the number
of species was reported in July and August (in warm periods).
This situation reveals that environmental factors may decrease
or increase the number of species.

When the evaluation was made on the basis of stations, it was
determined that station 3 was represented with fewer species
than other stations in terms of the number of diatom species
in the reservoir. Bray-Curtis and Euclidean Distance among the
cluster analysis were applied in the study, and it was revealed
that station 3 was separated from the other stations according
to both analyses. Also, according to Spearman's rank correla-
tion, a positive relationship was observed between conductivi-
ty and the number of epiphytic diatom species (p<0.05). While
the highest conductivity values in February and May were
reached at station 3, there was no increase observed in terms of
the number of species. In fact, it is remarkable that only 8 cells
belonging to 5 species were found in the February sample.
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Shannon-Weaner diversity index (H'), used for determining the
structure of the communities, varied between 1.24 and 3.38
in the study. The lowest values in the study were obtained in
August. During this period, Achnanthidium sp. (St.3, 67%) and
C. placentula (St.4, 82%) were dominant species, and this situ-
ation caused a decrease in H' values. Also, it was determined
that the diversity at station 5, which is located in the north of
the reservoir and close to the stream, did not show a significant
change seasonally. Molvaer et al. (45) classified waters for the
ecological quality. According to this classification, Buylukgek-
mece Reservoir was generally in poor and moderate status, and
in some sampling periods, it was found to be in good status
(St.4in May, St.1in August, and St.2 in November). In addition, it
was observed that H' values obtained from studies on epiphyt-
ic diatoms in other freshwater resources ranged from 0.867 to
1.427 (47, 48). Accordingly, it was revealed that the diversity
of Buylkcekmece Reservoir is at a higher level than the other
sources.

CONCLUSION

As a result, this study aimed to determine the epiphytic diatoms
and abundance conditions in the reservoir, and newly recorded
species for the lake were reported. In the reservoir, it was also
reported that according to the conductivity and DO values, the
lake is of very good (I) and good (ll) quality. Also, in terms of
DO values, it was observed that the reservoir was oligotrophic
during the February and May sampling periods, station 5 was
mesotrophic, other stations were oligotrophic during the Au-
gust sampling period, stations 1, 2, and 3 were oligotrophic, sta-
tion 4 was mesotrophic, and station 5 was eutrophic during the
November sampling period. Eutrophication conditions have
occurred since station 5 is located close to the Karasu Stream,
which is the biggest nutrient source of the reservoir and has
been reported to carry a significant amount of nutrient load,
and the occupancy rate of the reservoir had decreased to 40%
during the November sampling period. Balkis—-Ozdelice et al.
(24) proposed that the phosphorus intake to Biytlikcekmece
Reservoir be controlled. Also, according to H' classification,
Buylikcekmece Reservoir was generally in poor and moderate
status. For these reasons, it is necessary to monitor the ecologi-
cal quality status of the reservoir with monitoring studies.
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ABSTRACT

Objective: Microorganisms play an important role in all ecosystem processes and a growing body of molecular and ecological
evidence has shown that microbial biodiversity is much more diverse and complex than previously anticipated. This study
aimed to determine the prokaryotic microorganisms present in Gokceada Salt Lake Lagoon.

Materials and Methods: A metabarcoding approach was used to determine the microbial diversity in Gokceada Salt Lake

Lagoon.

Results: 16S rDNA targeted sequencing revealed 5 Archaea and 31 Bacteria species and Archaea represented 63.2%. The
most frequent Archaea genus was Halorubrum, which belongs to the Euryarchaeota phylum, and the dominant species of

Bacteria was Halomonas sulfidaeris (Proteobacteria phylum).

Conclusion: This work will contribute to our understanding of the microbial community structure and composition in coastal
lagoons. Hovewer, further surveys will improve our knowledge on microbiota in Gokceada Salt Lake Lagoon.

Keywords: Biodiversity, halophile, 16S rDNA, metabarcoding

INTRODUCTION

Microorganisms are the most abundant taxonomically
and metabolically diverse organisms on Earth. It is well
established that microbiota plays an important role in
ecosystem stability and sustainability (1). However, bio-
diversity-based research has mainly focused on plants
and animals, giving little attention to microorganisms.
In environmental samples, the identification of micro-
organisms at the species level by conventional tech-
niques is costly, time-consuming, and also continues
to be resolved. Recently, many studies have been con-
ducted to provide information about the diversity and
distribution patterns of microorganisms, however, it is
remarkable that there is still much unknown.

Application of DNA sequence-based methods has led
to significant progress in molecular taxonomy and
systematics over the last twenty years, revealing re-

markably large diversity even in environments that
are relatively well studied. For taxonomic purposes,
sequencing of the specific regions (i.e. variable regions
of 16S, 55, or 23S rDNA genes) of isolates has resulted
in the development of extensive public DNA sequence
databases. Moreover, high-throughput sequencing
technologies provide an opportunity to generate large
amounts of data in a relatively short time. One of the
most important advantages of this method is the ability
to identify large numbers of species from environmen-
tal samples with different characteristics (2,3).

Until recently, microbial biodiversity studies mainly
conducted on extreme environments (such as high or
low temperature, high or low pH) were yet little ex-
plored and particularly unique. In this work, the sam-
pling area was a coastal lagoon located in the southeast
of Gokgeada Island (Turkey), called Gokceada Salt Lake
Lagoon. The maximum depth of the lagoon is 2 meters,
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and its total area is approximately 2 km?. Coastal lagoons like
Gokgeada Salt Lake Lagoon are considered wetlands and have
a special hydrological structure formed by a transition zone be-
tween fresh and saltwater. Since each wetland ecosystem has
its own physicochemical properties, and community structure
should be evaluated separately (4).

This study aimed to determine the prokaryotic community
structure in GoOkceada Salt Lake Lagoon using a culture-
independent approach that includes metabarcoding based
on amplicon sequencing. Metabarcoding is mainly used to
characterize species-level diversity in the environmental
samples and is considered a method that has the potential
to identify rare taxa (5). In addition to the identification of
microorganisms at the species-level, information about
abundance, distributions, and biological functions of these
microorganisms can be obtained by the metabarcoding
approach. The high sensitivity and specificity of the method
provide an advantage, especially in organisms that cannot be
cultured in vitro (6-8). Because previous work is only based
on conventional methods (4,9), the prokaryotic diversity in
Gokgeada Salt Lake Lagoon is likely limited to only identifiable
species. Also, another motivation for this study is that no study
focusing on prokaryotic microorganisms in Gokceada Salt Lake
Lagoon has previously been included in the literature. In short,
the metabarcoding approach used in this study allows us to
determine prokaryotes without prior cultivation and provide
a deeper analysis of the prokaryotic diversity in Gokceada Salt
Lake Lagoon.

MATERIALS AND METHODS

Sampling and Physicochemical Analysis

To determine the prokaryotic diversity of Gokceada Salt Lake
Lagoon, three water samples (1 Liter of each) were sampled
aseptically in September 2019 (40° 7'47.2"N 25° 56'52.1"E) (Fig-
ure 1). All samples were stored at 4°C and immediately trans-
ported to the laboratory. The analysis of physicochemical pa-
rameters (total salinity, major anion and cation concentrations
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Figure 1. Gokgeada Salt Lake Lagoon in Turkey. The sampling
area was shown with a red circle on the map (Satellite imagery:
Google/Google Maps (n.d.)).
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(pH and Na*, K*, Ca**, Mg, ClI-, CO5%, SO,* and NO5") in the sam-
ples were performed by Hacettepe University Water Chemistry
Laboratory.

DNA Isolation and Sequencing

For DNA isolation, water samples (500 ml each) were filtered
through a vacuum filter (0.22 um filter membrane). Then, filter
membranes were cut into small pieces and DNA was isolated
using ZymoBIOMICS® DNA Miniprep Kit (Zymo Research, Irvine,
CA) according to the manufacturer’s instructions. Isolated DNA
samples were analyzed on a 1% agarose gel, and DNA quantity
was evaluated using Nanodrop 2000 UV-Vis spectrophotome-
ter (Thermo Fisher, USA). Quantified DNA samples were com-
bined based on equal molarity and were stored at —20 °C before
analysis.

The sample was processed with the BM Labosis (Turkey) Se-
quencing Service: Targeted Metabarcoding by using the specif-
ic primers that targeting the prokaryotic 16S rDNA gene, (515F
(5"-GTGYCAGCMGCCGCGGTAA-3') and 806R (5'-GGACTACNVG-
GGTWTCTAAT-3')) (10-12). The sequencing protocol of the Earth
Microbiome Project was used and adapted to the lllumina MiS-
eq instrument (11). After the amplicon library was prepared,
the product was quantified with qPCR fluorescence reading.
The library was cleaned using Select-a-Size DNA Clean & Con-
centrator™ (Zymo Research, Irvine, CA). Then, qualitative and
quantitative measurement of the library was performed with
TapeStation® and Qubit®. The sample was sequenced using the
lllumina MiSeq instrument following the manufacturer’s recom-
mended protocol.

Data Analysis

Raw data were processed and read quality was controlled by
FastQC and QIIME2. DADA2 was used to obtain specific ampli-
con sequences and chimeric sequences were excluded from the
analysis using the same program (13). QIIME2 was used to clus-
ter DNA sequence data with more than 97% similarity as oper-
ational taxonomic units (OTUs) (14,15) and chimeric OTUs were
extracted from the dataset using USEARCH algorithm (16). Tax-
onomic assignments of OTUs were performed using the QIIME2
pipeline (15) and SILVA database using a 70% confidence level
cutoff for assignment (17). Raw sequencing data were recorded
in the NCBI database (PRINA517326). Figure 2 was prepared us-
ing Krona (18).

RESULTS AND DISCUSSION

Physicochemical analyses

During sampling, temperature and pH were measured as 20.9°C
and 6.98, respectively. The physicochemical properties of the
samples are shown in Table 1. Sodium (Na*) and Chloride (Cl)
ions were found to have the highest concentration in the sam-
ples. According to the chemical composition of the Lagoon, it
can be expected that halophilic organisms dominate in this en-
vironment.

After 16S rDNA sequencing, 57,847 high-quality paired-end
reads were obtained. The number of identified prokaryotic
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Figure 2. Relative distributions of prokaryotes (A), Archaea (B) and Bacteria (C) as obtained from 16S rDNA metabarcoding data.

Table 1. Physicochemical properties of the samples collected from Gokceada Salt Lake Lagoon (ion concentrations in g/L).

Temperature (°C) pH Na*

K* Ca* Mg?* HCO; Cl

Average 20.9 6.98 111.63

347 2.27 16.07 0.24 225.12

species in the sample was found to be 36 by comparison of
OTUs with the SILVA database (Table 2). Despite 63.2% of
the sample consisting of Archaea members, only 5 archaeal
species were determined (Figure 2A). The most abundant
genus of Archaea was Halorubrum (82.7%), and the others were
Halobaculum (13.7%), Halomicroarcula (2.5%), Halobellum
(0.8%), and Halosimplex (0.1%) (Figure 2B). Metagenomic

/1

and metabarcoding approaches were previously used to
investigate microbial compositions of different hypersaline
environments (6, 19, 20), and the Archaea was previously
described as the dominant group in these environments
(21,22). As observed in this study, Halorubrum was previously
reported among dominant archaeal genera in salt lakes and
salterns (23,24).
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Table 2. Species detected in this study via metabarcoding approach

Organism No. of reads %
Prokaryotes Archaea Halorubrum sp. 3922 52.30
Prokaryotes Archaea Halobaculum sp. 652 8.69
Prokaryotes Bacteria Halomonas sulfidaeris 462 6.16
Prokaryotes Bacteria Bacillus persicus 420 5.60
Prokaryotes Bacteria Bacillus litoralis 350 4.67
Prokaryotes Bacteria Marinobacter aquaticus 261 348
Prokaryotes Bacteria Marinobacter flavimaris 168 2.24
Prokaryotes Archaea Halomicroarcula sp. 120 1.60
Prokaryotes Bacteria Puniceicoccus vermicola 111 1.48
Prokaryotes Bacteria Halanaerobacter lacunarum 100 1.33
Prokaryotes Bacteria Halomonas fontilapidosi 91 1.21
Prokaryotes Bacteria Rhodohalobacter halophilus 84 1.12
Prokaryotes Bacteria Halanaerobacter salinarius 78 1.04
Prokaryotes Bacteria Spiribacter aquaticus 76 1.01
Prokaryotes Bacteria Idiomarina atlantica 71 0.95
Prokaryotes Bacteria Bacillus pseudofirmus 49 0.65
Prokaryotes Bacteria Halanaerobacter jeridensis 49 0.65
Prokaryotes Bacteria Halanaerobium praevalens 47 0.63
Prokaryotes Bacteria Marinobacter persicus 47 0.63
Prokaryotes Bacteria Bacillus mesophilus 41 0.55
Prokaryotes Archaea Halobellus sp. 40 0.53
Prokaryotes Bacteria Bacillus thioparans 37 0.49
Prokaryotes Bacteria Gracilimonas halophila 34 0.45
Prokaryotes Bacteria Bacillus hemicellulosilyticus 30 0.40
Prokaryotes Bacteria Hydrogenovibrio halophilus 28 0.37
Prokaryotes Bacteria Guyparkeria hydrothermalis 20 0.27
Prokaryotes Bacteria Arcobacter group 18 0.24
Prokaryotes Bacteria Halanaerobium saccharolyticum 17 0.23
Prokaryotes Bacteria Gracilimonas tropica 14 0.19
Prokaryotes Bacteria Marinobacter salinus 13 0.17
Prokaryotes Bacteria unknown 11 0.15
Prokaryotes Bacteria Halomonas glaciei 11 0.15
Prokaryotes Bacteria Ruegeria intermedia 8 0.11
Prokaryotes Bacteria Halomonas zhaodongensis 8 0.11
Prokaryotes Bacteria Desulfohalobium sp. 6 0.08
Prokaryotes Archaea Halosimplex sp. 5 0.07
Total 7499
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A total of 31 bacterial species were identified (Table 2).
Proteobacteria were the dominant bacterial phylum (47%
of bacteria) and followed by Firmicutes (44% of bacteria).
Bacillus (33.6%), Halomonas (20.7%), Marinobacter (17.7%),
Halanaerobacter (8.2%) were the most common and most
abundant bacterial genera in the sample analyzed (Figure
2C). Considering the chemical composition of the Lagoon, the
presence of halophilic bacterial genera such as Salinibacter
could be expected (25). However, our analysis did not find
any OTU related to Salinibacter, which may be a result of the
abundance of some haloarchaeal species (e.g. Halorubrum),
which can inhibit Salinibacter growth as previously suggested
by Anton et al. (26).

In conclusion, in this study, the prokaryotic diversity of
GoOkgeada Salt Lake Lagoon was evaluated, and Euryarchaeota,
Proteobacteria, and Firmicutes members were found to be
essential components of its prokaryotic community. This
study allows us to improve our knowledge of the prokaryotic
community structure in the sampling area. But a more
comprehensive microbiome analysis can be obtained with
future metabarcoding/metagenomic analyses by focusing
on both prokaryotic and eukaryotic microbes. In addition,
although OTUs that cannot be associated with any taxa are
relatively few in this study, OTUs still have the potential to
contribute to the identification of new organisms. In future
studies, it is planned to collect samples from different
depths and locations of the lake and elaborate the analyses
to enlighten complete microbial diversity and microbial
community structure.
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