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1. Introduction and Editorial Policies

The Veterinary Research Forum (Vet Res Forum)
publishes worldwide contributions on all aspects of
veterinary science and medicine, including anatomy and
histology, physiology and pharmacology, anatomic and
clinical pathology, parasitology, microbiology, immunology
and epidemiology, food hygiene, poultry science, fish and
aquaculture,anesthesia and surgery,large and small animal
internal medicine, large and small animal reproduction,
biotechnology and diagnostic imaging of domestic,
companion and farm animals. Authors who submit
manuscripts to the journal should carefully read these
“Instructions  for Authors” when preparing their
manuscripts, because compliance with these instructions
will help reduce delays in manuscript processing. A
manuscript is received with the understanding that it and
all revisions have been approved by all authors and that
neither the manuscript nor any of its parts has been
published or is under concurrent consideration by any
other publication. The corresponding author must provide
a signed statement to this effect. All authors of VRF will be
required to sign a written statement transferring copyright
to the VRF prior to publication of any manuscript or letter.
Requests to copy, reprint, or use portions of published
material (including information in figures and tables)
should be addressed to the editor-in-chief.

2. Editor-in-Chief
Farshid Sarrafzadeh-Rezaei. DVM, DVSc
Professor in Veterinary Surgery
Faculty of Veterinary Medicine, Urmia University, Urmia,
Iran. P.0. Box: 57153-1177
E-mail: fsarrafzadeh@urmia.ac.ir

3. Submission of Manuscripts

Veterinary Research Forum is proud to announce
launch of its official website at http://vrf.iranjournals.ir/.

Open access policy, online submission/tracking, web-
based peer review system, and search feature are the
fundamental features of the new website.

Manuscripts must be in English and Microsoft Word
format (.doc/.docx). The manuscript (including references,
and figure legends) must be double space typed, using 12-
point Times New Roman font, 3.5 cm margins, and left
justification. Manuscripts should be arranged as follows:
title page, abstracts, body of manuscript, acknowledge-
ments, conflict of interest, references, and figure legends.
Please note that the names of the authors and their
affiliations should not be included in the main document.
The title page must include the title and the first name,
middle initial, and last name of each author, along with
professional affiliations and official email account of the
authors at the time of the study should be indicated. If an
author's affiliation has changed since the study was
performed, the author's new affiliation should be identified.
The name of the corresponding author should also be

included on the title page. Software programs that
automatically create endnotes, footnotes, and references
should not be used. Each line and page of the manuscript
must be numbered, beginning from the title page. Tables
should be saved as separate files (.doc/.docx format).

Authors are required to provide the names, affiliations,
and contact information (full mailing address, e-mail
address) of two potential reviewers related to their
manuscripts; though choice of reviewers is at the discretion
of the editor-in-chief.

4. Authorship

Individuals should be listed as authors only if they 1)
made a substantial contribution to conception and design
of the study, the acquisition of data used in the study, or
analysis and interpretation of that data; 2) were involved in
drafting or revising the manuscript critically for important
intellectual content; and 3) will have an opportunity to
approve subsequent revisions of the manuscript, including
the version to be published. Each individual listed as an
author must have participated sufficiently to take public
responsibility for the work. Acquisition of funding,
collection of data, or general supervision of the research
team does not, alone, justify authorship.

5. Acknowledgments

Acknowledgments can be used to identify important
specific contributions from individuals who do not qualify
for authorship. In particular, individuals who have
contributed intellectually to the study or report but
whose contributions do not justify authorship may be
named and their function or contribution described. In
general, this includes individuals who provided technical
assistance (e.g., individuals who per-formed special tests
or research) and individuals who provided assistance
with statistical analyses. Acknowledgments should not
include individuals whose only contribution to the study
or report involved the routine performance of their
normal job duties and who did not offer any unusual
intellectual contribution or technical expertise. The
acknowledgments should not be used simply as a method
of expressing gratitude to individuals who had a minor
role in the study. Acknowledgments of non-specific groups
and un-identifiable groups are not allowed. Individuals
named in acknowledge-ments must have given their
permission to the authors to be listed, because readers may
infer their endorsement of the data and conclusions.

6. Funding

Authors are expected to acknowledge all sources of
funding or financial support and to disclose to the editor
any financial interests (including ownership, employment,
consultancy arrangements, and service as an officer or
board member) they have with companies that
manufacture products that are the subject of their research
or with companies that manufacture competing products.
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7. Humane Animal Care and Use

All research studies involving animals must have
been performed with great respect to the animal
welfare. Any unnecessary manipulation or stress should
be strictly avoided. A manuscript containing information
that suggests that animals were subjected to adverse,
stressful, or harsh conditions or treatments will not be
considered for publication unless the authors
demonstrate convincingly that the knowledge gained
was of sufficient value to justify these conditions or
treatments. If animals were euthanized, the method of
euthanasia must be indicated.

All manuscripts reporting the results of experimental
investigations involving human subjects should include
a statement confirming the informed consent was
obtained from each subject or subject’s guardian. All
animal or human studies should be used after approval
of the experimental protocol by a local ethics committee.
The ethics committee approval number and date should
be stated in the Materials and Methods section.

8. Style

For questions of style, refer to the latest edition of the
Veterinary Research Forum. For anatomic terms, use
anglicized versions of official terms listed in the Nomina
Anatomica Veterinaria. Refer to the latest editions of the
American Drug Index and USP Dictionary of USAN and
International Drug Names for proper spelling of chemical
and drug names and to the latest edition of Dorland's
Hllustrated Medical Dictionary for proper spelling and use of
medical terms. Refer to Bergey's Manual of Determinative
Microbiology for spelling and correct taxonomic
classifications of microorganisms. Use of abbreviations
should be kept to a minimum. Except for standard
abbreviations and units of measure, all abbreviations used
three or more times in the text, figures, and tables of a
manuscript should be listed at the beginning of the
manuscript, along with their definitions. These
abbreviations should then be used without expansion.
Abbreviations that appear only in the figures or tables
should be defined in the table or figure legend.
Abbreviations should not be used to begin a sentence. In
addition, abbreviations in the abstract must be expanded
at first mention, with the abbreviation given in
parentheses after first mention of the expanded term.
Products, equipment, and drugs should be identified by
chemical or generic names or descriptions. A trade name
may be included in a lettered footnote if that specific
product, equipment, or drug was essential for the
outcome. Body weights and temperatures must be
reported in metric units. All dosages must include route of
administration and interval (e.g, 10.00 mg kg1, 1V,
Alfasan, Netherlands). The manufacturer name with the
city, state, and country must be provided for any brand
name drugs. Numerical data should be expressed with
decimal places (e.g,, 10.00 mL).

9. Categories of Manuscripts

Authors may submit manuscripts for publication in the
Original Articles (including original studies, retrospective
studies, and descriptive studies), Review Articles, Short
Communications and Clinical Reports.

A manuscript based on original research in which
animals had a naturally developing or experimentally
induced disease or condition will be considered for
publication as an Original Article. A manuscript based on
evaluation of case records accumulated during a specific
period will be considered as a Retrospective Study. A
manuscript in which a new technique, treatment, or
diagnostic method is described will be considered as a
Descriptive Study. A Review Article is usually written by
scholars and experts in the field who have published at
least five research papers on the subject in the native
and/or international journals. In review articles, the results
of published researches are closely evaluated, the strong
and weak points are stated, and suggestions for further
improvement may be made. A Short Communication is
for a concise, but independent report representing a
significant contribution to veterinary science and medicine
and must report completed work, not preliminary findings:
they are an alternative format for describing smaller pieces
of work. A manuscript dealing with any number of clinical
cases will be considered as a Clinical Report.

10. Manuscript Preparation

With the exception of review articles, all manuscripts
submitted to the Original Research section must include an
Abstract of 150 to 250 words. Authors should list three to
five alphabetically ordered keywords which appropriately
represent the contents of their manuscripts. Keywords are
a tool to help indexers and search engines find relevant
papers. If database search engines can find your journal
manuscript, readers will be able to find it too. This will
increase the number of people reading your paper, and
likely lead to more citations. However, to be effective,
keywords must be chosen carefully. They should be
preferably not included in title of manuscript. According to
the Commission for Evaluation of Iranian Scientific Journals
policy, domestic authors are required to include a Farsi
abstract (150 to 250 words) and keywords, in addition to
the usual English abstract. For foreign authors unfamiliar
with Farsi, their abstracts will be translated by the journal’s
language editors, free of charges.The text for an Original
Article is organized under the following headings:
Introduction, Materials and Methods, Results, and
Discussion. The Introduction section should supply
sufficient pertinent background information to allow
readers to understand and interpret results. It must include
the rationale for the study, the investigators' hypothesis,
and a clear statement of the purpose of the study. The
Materials and Methods section should describe the
experimental design in sufficient detail to allow others to
reproduce the study. A subsection detailing statistical
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methods used to summarize data and test hypotheses
and the level of significance used for hypothesis testing
should be provided. The Results section should provide
data that are clearly and simply stated without discussion
or conclusion. Tables and figures should be cited
parenthetically. The same data should not be presented in
both table and graph form or repeated in the text. Data
should not be repeated un-necessarily in text, tables and
figures. The Discussion section should focus on findings in
the manuscript and should be brief, containing only
discussion that is necessary for interpretation of findings.
Authors are recommended to consider the following
instructions when preparing their manuscripts:
¢ Review Articles: Body of article (Introduction to the
end of Discussion) must not exceed 5000 words. The
entire article should not exceed 30 A4 pages double-
spaced, including figures, tables, and references
(maximum of 60 references). Review articles can include
a maximum of five figures and/or tables (i.e. any
combination of tables and figures up to a total of five
overall, not five figures and five tables).
« Original Articles: Body of article must not exceed 4000
words. The entire article should not exceed 25-30 A4 pages
double-spaced, including figures, tables, and references
(maximum of 50 references). Original articles should have
no more than four figures and/or tables (total).
e Short Communications: Body of article must not
exceed 2000 words with no more than 20 references.
Figures, tables, or both, should not exceed two.
¢ Case Reports: Body of article must not exceed 1500 words.
The maximum number of tables is two and the maximum
number of figures is six. References should be limited to 15.

11. References

Authors bear primary responsibility for accuracy of all
references. Excessive citations should be avoided and only
essential resources should be listed. References should be
numbered consecutively in the order in which they are first
mentioned in the text (not in alphabetic order). References
in non-English languages should be translated into English,
and the original language has to be mentioned in square
brackets [French], for example. Journal titles in the
Reference section should be abbreviated according to the
National Library of Medicine (NLM) and Index Medicus. The
following is the style used for common types of references:

Journal article with one, two, or three authors:
Uzun A, Cengiz N, Kavakli. Morphological and micro-
scopical examination of the rat brachial plexus [Turkish].
Turk ] Vet Anim Sci 2001; 25(3): 397-402.

Journal article with more than three authors:
Behfar M, Sarrafzadeh-Rezaei F, Hobbenaghi R, et al
Adipose-derived stromal vascular fraction improves tendon
healing in rabbits. Chin ] Traumatol 2011; 14(6): 329-335.

Book with a single author:

Gretchen LH. Animal tissue techniques. 4t ed. San
Francisco, USA: WH Freeman 1979; 51-119.

Book with multiple authors:
Aronoff GR, Berns ]S, Brier ME, et al. Drug prescribing in
renal failure. 4t ed. Philadelphia, USA: American College of
Physicians 1999; 39-45.
Chapter in a book with editors:
Nordin M, Lorenz T, Campello M. Biomechanics of tendons
and ligaments. In: Nordin M, Frankel VH (Eds). Basic
biomechanics of musculoskeletal system. 34 ed. Maryland,
USA: Lippincott Williams & Wilkins 2001; 102-125.
Conference proceedings:
Davidson EB. Treatment of mammary tumors in dogs and
cats. In proceedings: North American veterinary conference.
Orlando, USA 2003; 1036-1038.
Thesis:
Koyun M. The helminthes fauna of some fishes in Enne Dam
Lake. Phd Thesis, Uludag University Science Institution.
Bursa, Turkey: 2000.
Electronic material:
Animal and plant health inspection service website. Bovine
spongiform encephalopathy (BSE). Available at: www.aphis.
usda.gov/ipa/issues/bse/bse.html. Accessed Feb 18, 2020.
Manual:
CLSIL. Autoverification of Medical Laboratory Results for
Specific Disciplines. 1st ed. CLSI guideline AUTO15. Wayne,
PA: Clinical and Laboratory Standards Institute; 2019.

12.Figures

All figures should be saved as separate electronic files
(jpg); figures should not be embedded in the manuscript.
Simple figures such as line drawings, bar graphs, and line
graphs prepared in Excel should be saved as Excel files
(xls). Line drawings and graphs that were not prepared in
Excel should be scanned on a flatbed scanner. Figures
created with software programs that use proprietary
graphic formats (e.g.,, SigmaPlot, Statistix) cannot be used;
most such software programs have the capability to save
figures in one of the aforementioned formats. Minimum
resolution for line drawings and charts is 1,000 dpi. Figures
that consist of images (e.g, photo-graphs, photomicro-
graphs, and radiographs) should be scanned on a flatbed
scanner at a resolution of at least 300 dpi. Files should be
saved as jpg. If images were obtained with a digital camera,
please submit the electronic file, rather than printing out
the image and scanning it. Color figures should be
submitted in CMYK, rather than RGB, format to prevent
color shift during production. Limit figures to those that
reduce or clarify the text. Text and symbols should be large
enough that they will still be legible when the figure is
reduced to one column width during publication. To ensure
high-quality reproduction, symbols used in graphs should
be limited to open and closed circles, triangles, and squares;
axes should be labeled in Helvetica or Arial font. Keys to
symbols may be placed in a small box inserted into the
unused portion of graphs. For figures that consist of
multiple parts, individual parts of the figure should be
identified by capital letters embedded in the figure, rather
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than by describing the location of the part in the legend
(e.g., top right). Each figure can consist of 4 sub-panels.
Figures should be numbered consecutivelyaccording
to the order in which they have been first cited in the text.
Original radiographs and transparencies will not be
accepted for review or publication. Figure legends must be
given at the end of the manuscript. Sufficient information
should be included to allow the figure to be understood
without reference to the text. When applicable, stains used
for histologic sections should be indicated along with the
original magnification in the legend. The Journal reserves
the right to crop, rotate, reduce, or enlarge the photographs
to an acceptable size. Preferably, micro-graphs should have
a scale bar, rather than a magnification factor in figure
legend. Labels, numbers, and symbols should be clear and
of uniform size. The lettering for figures should be large
enough to be legible after reduction to fit the width of the
columns. Symbols, arrows, or letters used in photo-
micrographs should contrast with the back-ground. Titles
and detailed explanations belong in the legends for
illustrations not on the illustrations themselves. Authors
wishing to use any previously published figures must
submit written permission from the copyright holder.

13. Tables

Submission of excessive tabular data is discouraged,
and tables should be limited to those containing data
important to understanding and interpreting results of the
study. Authors will be asked to delete tables containing
data that could be given more succinctly in the text. Do not
use tables that focus on findings in individual animals.
Table pieces (such as Table 1a and 1b) are not allowed.
Authors wishing to use any previously published tables
must submit written permission from the copyright holder.
Each table should be numbered consecutively in the order
of first citation in the text. Tables should be drawn in left-
to-right direction. Supply a brief title of no more than 15
words for each, but place explanatory matter in the
footnotes (not in the heading).

14. Review Process

All manuscripts submitted to the journal are subject
to review. Journal reserves the right to reject a submission
for any reason without explanation. Manuscripts are
reviewed initially by a VRF scientific editor. Those with
insufficient priority for publication are rejected promptly.
Manuscripts considered for publication are sent to a
minimum of three experts for external review. Identity of
reviewers and authors are kept confidential. Authors are
expected to respond to reviewer comments and make
appropriate revisions within 30 days. Revised manuscripts
may be re-reviewed. Manuscripts that pass review are
accepted for publication provided that authors respond
meaningfully to questions and concerns raised by VRF
scientific editor. Authors should note that a previously
rejected manuscript by VRF would not be re-evaluated.

15. Errata

The journal makes every effort to publish error-free
manuscripts, providing authors with page proofs before
publication. There are occasions, however, when it is
necessary to publish a correction. Errata may be sent
directly to vrf@urmia.ac.ir.

The author will be assessed page charge(s) for errata
that result from author error. The journal will cover the
costs of errata that are a result of the editing process.

16. Misconduct

The Journal only accepts research papers that are
original works, no part of which has been published or is
being considered for publication elsewhere except as
brief abstracts. Duplicate publication, falsification,
plagiarism, or fabrication will be considered actionable
misconduct. Misconduct does not include honest error or
honest differences in interpretations or judgments of
data. If scientific misconduct is confirmed by institutional
review, the Editor-in-Chief will report this to VRF’s
Publications and Communications Committee (PCC) Chair
and the VRF Executive Director. Appropriate action will
be decided in consultation with the VRF Office of
Publications. Violations considered severe may warrant
official withdrawal of a published article or rapid rejection
of a manuscript at any stage before publication. If no
scientific misconduct is found, the manuscript (if
unpublished) will be scheduled for publication. For errors
in a published article not deemed to be misconduct, an
Erratum or Letter to the Editor will be published. If there
is a disagreement about the results of the investigation,
the Editor-in-Chief reserves the right to restrict the
author(s) from publishing in the journal for a specified
period of time.

17. Submission/Publication Fee

From March 15 th, 2023, manuscripts being accepted
for publication in the journal are subjected to pay a
mandatory charge for domestic and overseas authors as
follows:

1) Domestic authors: 7,200,000 IRR for
Review/Original Articles, and 3,600,000 IRR for Short
Communications and Case Reports.

2) Overseas authors: 200.00 USD for all kinds of
manuscripts, including Review/Original Articles, Short
Communications, and Case Reports.

This charge covers expenses for peer review, journal
publication, and online hosting and archiving. Color figures
(maximum 4 figures) are published free of extra charge if
the use of color is judged to be necessary for scientific
reasons. Extra charge for more figures will be declared to
the corresponding authors in the final acceptance letter.
The charge form will be sent to the corresponding author
on acceptance of an article for publication in the journal.
Please be advised that the publication of the accepted
manuscripts is dependent upon payment of the charge.
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18. Complaint Policy

The authors who may have a complaint against any
of the aspects of their interaction with Veterinary
Research Forum should write an e-mail to the Editor-in-
Chief. The Editor-in-Chief aims to acknowledge the
complaint within 7 days after receiving it. Further, he
should explain to the author the procedure which he will
be undertaking to resolve the matter.

19. Disclaimer

The statements and opinions expressed in this
journal are solely those of their respective authors and
they do not necessarily reflect the views, nor are they
endorsed by VRF. Veterinary Research Forum and its
publisher do not guarantee the accuracy of, and are in no
way responsible for, any content on the papers.

20. Plagiarism

Plagiarism ranges from the unreferenced use of
others’ published and unpublished ideas, including
research grant applications to submission under “new”
authorship of a complete paper, sometimes in a different
language. It may occur at any stage of planning, research,
writing, or publication: it applies to print and electronic
versions. All the manuscript submitted to VRF are
checked by iThenticate for possible plagiarism. The
authors are expected to check their manuscript for
plagiarism before submission.

21. Conflicts of Interest

Conflicts of interest comprise those which may not be fully
apparent and which may influence the judgment of author,
reviewers, and editors. They have been described as those
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Feline calicivirus (FCV) is a highly contagious pathogen seriously affecting the upper
respiratory tract and producing oral diseases in the feline. Despite widespread vaccination,
the prevalence of FCV remains high. In this study, the FCV gingdao (qd)/2019/china was
isolated from a domestic feline oropharyngeal swab collected from Qingdao, China. The virus
was purified using the plaque assay and identified using the Polymerase chain reaction and
indirect immunofluorescence assay methods, the capsid amino acid, VP1 of qd/2019/china,
showed sequence identity with the other isolates ranging between 83.90% (ym3/2001/jp)
and 91.10% (CH-JL4). The sequence of the capsid amino acid revealed qd/2019/china to be
closely related to CH-JL4 and clustered with CH-JL4 in the phylogenetic tree. The phylo-
genetic analysis indicated that the complete genomes (GenBank® accession No. MZ322896)
of qd/2019/china and CH-JL4 were also classified into the same cluster. The recombination
analysis with Simplot indicated that the qd/2019/china originated from the recombination of
CH-JL4 and HRB-SS, and the region 3,821 - 5,301 nt originated from HRB-SS. Further, the
region 3,821 - 5,301 nt were found to belong to the protease-polymerase (PP) of HRB-SS.
Here, we isolated a new recombinant virus, FCV qd/2019/china. Therefore, these results

would be beneficial for better understanding of the evolution and epidemiology of FCV.

© 2023 Urmia University. All rights reserved.

Introduction

Feline calicivirus (FCV) is one of the most common
contagious feline pathogens causing oral ulcers, ocular
conjunctivitis and infectious upper respiratory tract
disease.! The FCV can also infect other members of the
Felidae like tigers, cheetahs? and lions.3 It has also been
isolated from dog feces.*¢ Traditionally, FCV infections are
usually associated with acute, mild and self-limiting
diseases,” hence, do not inflict much harm. Therefore, FCV
infections do not inflict significant harm if the secondary
infection is well-controlled.

The virus belongs to the genus Vesivirus of the family
Caliciviridae® comprising many viruses that cannot be
readily cultured on cells such as the Norovirus, Sapovirus
and Rabbit hemorrhagic disease virus which limit their
pathogenic study. The FCV, on the contrary, can be
readily cultured on the passaged feline cell lines such as
CRFK and F81. There are no strict restrictions on the

*Correspondence:

Yongxiang Liu. PhD

specific passaged numbers and demonstrating obvious
cytopathic effect (CPE), hence, FCV has been established
as an in vitro model for Caliciviridae research.!

The FCV is a single-stranded positive-sense RNA virus
with a 7.80 kb long genome covered by a capsid protein,
however, devoid of an envelope.? It has an icosahedral
capsid diameter of about 27.00 - 40.00 nm. Due to lower
fidelity, the FCV genome bears a high mutation rate and
evolves rapidly. The immune system pressure constitutes
the most important reason for the mutation power
source contributing to its enhanced virulence and
vaccination failure.10

The low fidelity of the protease and polymerase (PP)
constitutes another reason for the mutation power
source. The PP is the RNA-dependent RNA polymerase
(RdRp) of FCV. The FCV has only one serotype and there
is significant diversity in the strains isolated from
different countries, regions and periods that needs
further investigation.
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Random genetic drift, mutation and recombination are
known to be the most common ways of viral evolution and
variation. The high plasticity of the RNA genome in the
RNA viruses has a high mutation rate during replication
due to low fidelity, lack of proofreading and post-
replicative repair activities of the viral RNA polymerase.l!
Recombination events like canine enteric corona-
viruses, 1213 porcine reproductive and respiratory
syndrome virus,41> and influenza virus!® have been
reported in several viruses, however, there have been very
few studies on the recombination of FCV.

However, in recent years, the health of cats has been
seriously threatened by the highly lethal strains due to the
high degree of FCV variability.l” Occasional outbreaks of
virulent-systemic FCV (VS-FCV) infections have been
reported not only in the USA but also in Europe during
recent years and also in different regions of China like
Heilongjiang and Shanghai® The VS-FCV has been
characterized by cutaneous edema, ulcerations of the head
and feet, occasionally jaundice, and even death. Owing to
the limited knowledge of FCV genetics and variation, the
isolation and identification of new isolates and the analysis
of the FCV genome sequence are of particular significance.

This study reported the isolation and sequence
analysis of a recombinant FCV isolate qd/2019/china from
the oropharyngeal swab of a dead domestic cat that
exhibited serious mouth and tongue ulceration.

Materials and Methods

Sample information and treatment. In October 2019,
a dead domestic cat oropharyngeal swab was submitted
for laboratory investigation. The apparent clinical symptom
comprised the eyes and nose covered with purulent
discharge, severe tongue damage, the whole tongue layer
falling off and ulceration of the hard palate. Necropsy of
the cat showed hemorrhagic enteritis and lung edema. The
oropharyngeal swab was collected with 0.80% sodium
chloride (Beijing Solarbo Technology Co. Ltd., Beijing,
China) and stored at - 80.00 °Cuntil FCV was isolated.

Isolation and purification of the virus. The protocol
for virus isolation follows the usual operation. Briefly, the
CRFK cells (ATCC : CCL94) were grown in DMEM (Gibco,
Carlsbad, USA) containing 10.00% fetal bovine serum
(FBS) and 1.00% penicillin-streptomycin (Gibco). The cells
were incubated at 37.00 °C in a 5.00% CO:z humidified
cabinet. The collected oropharyngeal swab was treated
with a 0.22 pum filter and inoculated into the CRFK
monolayer after which the CPE was observed at 1st
passage (P1) virus generation. When the CPE was obvious,
the cultures were freeze-thawed 2 cycles to release the
virus then harvested and stored at - 80.00 °C. The virus
stocks were purified using the plaque assay three cycles to
reach out for purified virus. The CRFK cells were grown in
DMEM containing 10.00% FBS and 1.00% penicillin-

streptomycin on 6-well plate allowing the cells to reach
the 80.00% - 90.00% confluency. The growth medium was
removed and diluted virus was added to each well using
multiple wells per dilution. The cells were coated with
overlay medium, containing 1.00% agar No. 1 (Oxoid,
Basingstoke, UK) and DMEM. The cell monolayers were
observed every day for the presence of foci or plaques, the
single foci or plaque were collected with a sterile pipette
tip. At last, the virus titer of the purified FCV P2 virus
generation was 107 median tissue culture infectious doses
(TCID50) per 100 pL.

Identification of the virus. The viral RNA was
extracted from the cell culture supernatant using a
TIANamp virus DNA/RNA Kit (Tiangen Biotech, Beijing,
China) according to the manufacturer's protocol, the cDNA
was synthesized from the mRNA using the cDNA synthesis
kit (TaKaRa, Tokyo, Japan), and the template for
Polymerase chain reaction (PCR) identification was used.
The PCR primer was synthesized according to the previous
report,’® FCV-F: 5'-GTAAAAGAAATTTGAGACAAT-3', FCV-
R:5'-TACTGAAGWTCGCGYCT-3'. The virus isolates were
further identified by indirect immunofluorescence assay
using a cat polyclonal antibody against FCV.20

Genome cloning and sequencing. The genome of the
FCV strain qd/2019/china was cloned using a LA Taq
PREMIX (LA Taq™ Version 2.0; Takara, San Jose, USA). The
primer was obtained based on the conserved regions by
multiple sequence alignment analysis of several China FCV
isolates (Table 1). The 5'- and the 3'-end sequences were
obtained using the 5’ and 3’ rapid amplification of the
cDNA ends (5" and 3’ RACE) kit (Invitrogen, Waltham,
USA). The PCR products were cloned into the pMD18-T
vector and the positive clones were used for sequencing
and BLAST analyses to identify the related reference
viruses of the qd/2019/china strain with the differential
part of the genome and complete genome. The BLAST
analyses (http://blast.ncbinlm.nih.gov/Blast.cgi) were
performed to identify the related reference viruses and
used to study the qd/2019/china strain.

Table 1. Primers used in the genome cloning.

Primer Sequence (5'-3') Position *
FCV-TY-20F GTAAAAGAAATTTGAGACAA 1-20

FCV-TY-2440-R ATGTTGATTGGCGGGTAGTTC 2440 -2420
FCV-TY-2420-F GAACTACCCGCCAATCAACAT  2420-2440
FCV-TY-5333-R TTAGCGCAGGTTGAGCACAT  5333-5314
FCV-TY-5314-F ATGTGCTCAACCTGCGCTAA 5314 -5333
FCV-TY-7709-R CCCTGGGGTTAGGCGCGA 7692 -7709

* The position of primers was related to that in FCV strain CH-JL4
(Genbank® accession No. KT206207.1).

Sequence analysis. The capsid gene, VP1 is the most
variable gene in FCV genome. The phylogenetic analysis
was usually undertaken based on the alignment of the VP1
amino acid sequence. The sequence similarity was analyzed
using DNAstar software (DNASTAR, Madison, USA). The
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phylogenetic analysis of the full-length FCV genome and
capsid gene were performed using the MEGA Software
(version 6.0; Biodesign Institute, Tempe, USA). The
bootstrap values were calculated according to 1,000
replicates of the alignment.

Recombination detection. From the blast analysis,
we found that the complete genome of qd/2019/china
had the highest similarity with GXNN01-19 (85.70%).
While the different parts of the qd/2019/china genome
were found to depict results in different search results,
suggesting the possibility of recombination of different
isolates. Then, the similarity comparisons and phylo-
genetic analyses of the full-length and part of FCV strain
alignments were performed to detect the recombination
signals in the FCV genomes. The sequence used was
downloaded from NCBI and the Simplot 3.5.1 program
with a 500 bp window and a 20 bp step and was used in
this study to verify the recombination.

Results

Virus isolation and identification. The PCR assay
was carried out to identify the FCV and depicted positive
results. The viruses like FCoV, FPLV, and FHV-1 were not
detected in the swab. Then the mouth swab was
inoculated into the CRFK cells. The CPE could be easily
observed 24 hr post-infection. After three rounds of
plaque purification, the CPE was found to stably appear on
the CRFK cells. The FCV was still positive with the PCR
detection. Besides, the qd/2019/china isolate was further
identified in the infected CRFK cells using a cat polyclonal
antibody against FCV (previously identified by our lab). In
this study, one FCV strain qd/2019/china was isolated
from the mouth swab and was purified with the plaque
assay method (Fig. 1).

Viral capsid amino acid sequence analysis. The
genome of the qd/2019/china strain was successfully
sequenced. Since the capsid protein was significantly
important for the study of FCV evolution and immune
escape, the sequence of the capsid amino acid was
analyzed first. About 38 FCV isolates capsid protein
sequences were retrieved from NCBI and DNAstar was

used to analyze the sequence identity. The comparative
pairwise analysis of the complete genome sequence of
qd/2019/china VP1 was conducted with 38 VPI
sequences. The FCV isolates showed sequence identity
ranging from 83.90% (ym3/2001/jp) to 91.10% (CH-
JL4) with qd/2019/china that twas consistent with the
previously reported genetically different FCV strains. The
evolution of the qd/2019/china strain was further
investigated by constructing a VP1 amino acid sequence
phylogenetic tree using MEGA. The evolutionary history
was inferred using the maximum-likelihood method. The
percentage of replicate trees with the associated taxa
clustered together in the bootstrap test (1,000 replicates)
are shown above the branches.?! The analysis involved
38 amino acid sequences. The evolutionary tree
demonstrated that the qd/2019/china was on the same
cluster as CH-JL4. This was consistent with the VP1
sequence analysis and the complete genome BLAST
analysis. The qd/2019/china, CH-JL4, F65, UTCVM-H2,
GX01-13, SH2014, UTCVM-H1 were in the same higher
cluster (Fig. 2A). Since the FCV CH-JL4 challenge
experiment on the Kkittens indicated typical clinical
symptoms which meant that it had a stronger virulence.
Since the qd/2019/china was also isolated from the dead
cat, it might also be a virulent strain which needed
further systematic virus challenge experiments for
substantiation.

Complete genome sequence analysis. The complete
genome sequence was submitted to GenBank® (accession
No. MZ322896) to further understand the genetic origin of
the qd/2019/china. The complete genome phylogenetic
analysis was conducted using the MEGA6.0 (Fig. 2B). The
FCV qd/2019/china strain was closely related to the CH-
JL4 sequence and located in the same cluster as CH-JL4.
Besides, the other Chinese isolates (SH, XH, WZ-1, HRB-SS,
GX01-13), UTCVM-H2 and FCV/DD/2016/GE were in
higher-level clusters with the qd/2019/china. The Chinese
isolates were segregated into major genetic groups in the
phylogenetic trees and designated as genogroups I and IL
The strains qd/2019/china, CH-JL4, SH, XH, WZ-1, HRB-SS,
GX01-13, UTCVM-H2 and FCV/DD/2016/GE were
belonged to the genogroups .22

Fig. 1. Virus isolation and identification. A) The oropharyngeal swab was inoculated in the CRFK cells. Typical cytopathic effect (CPE),
cell aggregation, rounding, falling off and enhanced shading was found (40x), B) The physiological saline inoculated CRFK showed no
CPE (40x), C) Bright green fluorescence was found in the F81 cells infecting FCV (100x), and D) Green fluorescence was not found in
the normal CRFK cells (100x).
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Fig. 2. Sequence analysis of FCV qd/2019/china. A) Phylogenetic tree of the feline calicivirus (FCV) VP1 based on the amino acid sequence.
The qd/2019/china was in the same cluster with CH-JL4. The phylogenetic tree was constructed using the maximume-likelihood method
based on the JTT matrix-based model. The 1,000 bootstrap repetitions were performed for each analysis. The positions that contained
gaps and/or missing data were eliminated. Bootstrap values > 50.00% are indicated, and B) The phylogenetic tree of the virus genome
was constructed using the neighbor-joining method with 1,000 bootstrap replicates and the Kimura 2-parameter model in the MEGA 6.0
software package. The qd/2019/china is labeled with a green circle. GenBank® accession numbers are indicated on the branches.

Bootstrap values > 50.00% are indicated.

Recombination analysis. The result of the BLAST
showed that the different part of the FCV genome showed
the highest similarity with the different FCV isolate. Given
the potential significance of genetic recombination during
the evolution of the picorna-viruses,?® the recombination
analysis was conducted with SimPlot. The results provided
strong statistical support for an FCV qd/2019/china
recombination event. The SimPlot graph revealed the
breakpoints that separated the genome of qd/2019/china
into three regions of which the two fragments arose from
CH-JL4 (regions 1 - 3,821 ntand 5,301 - 7,707 nt) and one
fragment originated from HRB-SS (region 3,821 - 5,301
nt). The 3,821 - 5,301 nt was the part of the PP gene based
on the FCV CH-JL4 (Fig. 3A). To further validation of the
detected recombination signals, a phylogenetic tree of
recombination region (the corresponding loci in the
genome of qd/2019/china (3821 - 5301 nt) were
constructed containing the genogroups I member (CH-JL4,
SH, XH, WZ-1, HRB-SS, GX01-13, UTCVM-H2 and FCV/DD/
2016/GE) as shown in the tree. The strain qd/2019/china
was in the same cluster as HRB-SS (Fig. 3B).

Discussion

The FCV is one of the most common pathogens of
domestic cats! which accounts for severe respiratory and
oral diseases (stomatitis and gingivitis). Despite the cats
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|
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99 @ qd/2019/china
B HRB-SS KM016908

Fig. 3. A) Recombination analysis was based on the whole
genome of qd/2019/china. Reference strains, HRB-SS (green),
and CH-JL4 (blue) were used as putative parental strains. The X-
axis indicates the location of the query sequence and Y-axis
indicates the percentage of identity, and B) The phylogenetic
analysis is based on the genome region 3821 - 5301 nt. The phylo-
genetic trees were constructed using the MEGA 6.0 software and
the maximum likelihood algorithm, with 1,000 bootstrap
replications and the Kimura 2-parameter substitution model.
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being increasingly vaccinated, many strains of the viruses
are still isolated in China.12?426 The FCV is a single
positive strand RNA virus having high genomic
variability for their RdRP low-fidelity. However, the
detailed mechanisms of the emergence of the new
genetically distinct FCV strains remain unknown.23 In this
study, an FCV qd/2019/china was isolated from a dead
cat. This was the first FCV isolate from Qingdao, the
eastern coastal areas of China. The sequence analysis of
the capsid protein, VP1, indicated qd/2019/china to have
the highest similarity with CH-JL4 (84.50%).

The northeast part of China has a well-developed pet
breeding industry which transports large numbers of cats
and dogs to the other parts of the country promoting the
spread of the virus.The qd /2019/china might have originated
from Jilin indicating that transporting cats across the
regions might potentially promote the virus transmission
and evolution. Almost at the same time as our first
submission, the phenomenon of recombination between
different FCV strains had been reported in September
2021. It can be seen that the reorganization of FCV is not a
single phenomenon which needs more attention.

The recombination of the virus is a prevalent
mechanism of virus evolution reporting the existence of a
recombinant FCV circulating within a naturally infected
population of cats. The quasispecies represents an effective
adaptive strategy for the virus in an extremely hetero-
geneous viral population evolving with a better replicative
capacity.26 However, the recombination of the FCV virus
across the different regions has never been reported. Here,
the qd/2019/china might be a recombinant of HRB-SS
(from Harbin) and CH-]JL4 (from Jilin).

Although there is no licensed live-attenuated FCV
vaccine in China, the non-licensed live-attenuated FCV
vaccine cannot be prohibited, since it is believed by some
clinical veterinarians to be better than the killed vaccine.
Here, based on the evidence that the FCV virus can
recombine between the different viruses, the virus in the
live vaccine was found to be a potential recombinant strain
suggesting that the live FCV vaccine registration should be
more rigorous.

The FCV shows evolutionary rates higher than those of
the other viruses and approximately 1.30 x 102 to 2.60 x
102 substitutions per nucleotide occur per year in the
variable regions of the FCV capsid protein.?’ Thus, the high
genetic plasticity of the virus has emerged new variants.28
The PP protein is the RdRp encoded by FCV and is
indispensable for the replication of the viral genome.?? The
PP and its precursor protein also possess the cysteine
proteinase activity responsible for the proteolytic processing,
cutting the ORF1 encoded large nonstructural proteins
into five nonstructural proteins- p5.6, p32, p39, p30, VPg,
PP. The PP proteins of FCV 2280 and F9 share 94.00%
amino acid identity, however, the strain 2280 grows faster
than the strain F9. The challenge experiments in cats

showed the strain 2280 to be more virulent than the strain
F9. The PP is one of the most important nonstructural
protein of FCV. The N-terminal domain of PP can inhibit
the host cell protein transcription,30 therefore, recently PP
was found to effectively reduce the mRNA expression by
promoting the degradation of the host mRNAs.3!

In this study, we found that the region (3,821 - 5,301
nt) of qd/2019/china was recombined from HRB-SS and
the region (3,821 - 5,301 nt) belonged to the pp region.
The PP is a crucial protein that ensures the fidelity of RNA
replication, hence, the replacement or change of PP might
greatly change the viral characteristics promoting the
evolution of FCV and promoting the emergence of new FCV
isolates. Besides, the recombination has been associated
with the expansion of the range of the viral host,32 as many
FCV isolates were isolated from non-cat feline.

In this study, an FCV strain qd/2019/china was
isolated from Qingdao, China. The phylogenetic analysis of
the FCV genome revealed that it had the highest similarity
with CH-JL4. The recombination analysis revealed that it
might be a recombinant virus of CH-JL4 and HRB-SS and
that the recombination area belonged to the PP region. Our
results thus, provided new evidence highlighting the
contribution of viral recombination to FCV evolution.
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results showed a distinct dawn-dusk activity rhythm in the captive forest musk deer with a
peak activity observed at dawn (07:00 - 10:00) and dusk (16:00 - 19:00). Additionally, there
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Keywords: Comparing behavior ratios between peak and off-peak periods, it was evident that all behaviors,

except rumination (RU), showed significant differences. Furthermore, no significant differences

Activity pattern were found in the behavior ratios of the forest musk deer between the daytime and night-time.

Activity peak During the daytime, the percentages of time spent performing locomotion (32.87 + 3.38%),

Captive feeding (14.43 * 1.81%), and RU (5.62 = 1.46%) were slightly higher compared to the night-

Moschus berezovskii time. Based on these findings, it is important to match the management strategies for musk deer

Time budget farming with the animals’ activity patterns and behavioral rhythms. Doing so can enhance
farming outputs and contribute to the welfare of captive forest musk deer.
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Introduction Under captive conditions, alpine musk deer exhibit a

Musk deer (Moschus sp.) are critically endangered
ungulates and they are in urgent need of conservation.
Farming has been recognized as an effective ex situ
conservation approach.! Musk deer farming has been
carried out successfully in China since 1958, with forest
musk deer (Moschus berezovskii) being the primary
species reared in the captivity. Currently, captive
rearing is considered one of the most important
measures for the ex situ conservation of musk deer.
Under artificial feeding conditions, the activity time
allocation of captive musk deer differs from that of their
wild counterparts and is influenced by various factors.?
Some previous studies have reported the seasonal
activity patterns of captive alpine musk deer
(Moschus chrysogaster).2
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distinct morning activity peak in the summer. However,
this morning peak is not evident in autumn and winter.
Instead, captive alpine musk deer show an activity peak
around noon during these seasons.z Many other ungulate
species live in one or more stable groups, and behaviors
such as running or foraging are affected by the group
dynamics. These behaviors often demonstrate certain
degree of synchronization, which helps maintain group
cohesion.3# On the contrary, forest musk deer are solitary
ungulates that predominantly inhabit high-altitude closed-
cone coniferous and broad-leaved mixed forests.>

Activity time budgets are a fundamental biological
characteristic of animals and reflect behavioral
adaptations to the environment. The pattern of activity
plays a crucial role in the life history strategies of both wild
and domestic herbivores.6” Studying the circadian
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rhythms of animals has always been a significant aspect of
research in the field of behavioral ecology.8? Research on
animal circadian activity patterns and their influencing
factors can broaden the understanding of animal behavior
patterns,’® and help clarify how animals adapt to their
environment.*However, traditional methods, like manual
scan sampling, have limitations in terms of time and data
collection capabilities, as well as small sample sizes.

In this study, we used infrared cameras and scan
sampling to explore the 24hr activity patterns and time
budgets of a forest musk deer population after ex-situ
conservation more effectively through data analysis.
Autumn is just before the reproduction season for forest
musk deer; therefore, it is crucial to know the activity
patterns and time budgets of musk deer in autumn, which
will benefit successful reproduction attempts, population
increases, and ex situ conservation.

Materials and Methods

Research area. This study was carried out from
October 21d to 16th, 2021, at the Huailai Musk Deer Farm
in Xinglinpu, Hebei Province, China. The farm is located
in a mid-temperate semi-arid region known for its
temperate continental monsoon climate, which exhibits
significant temperature variations between day and
night. The farm lies at the highest latitude of any musk
deer farm in the world (E115°38'48", N40°33'32"). In
October, the local temperatures range from 0.00 to 30.00
°C, with average daily low and high temperatures of 5.00
and 17.00 °C, respectively. There were 3 days of
precipitation during the study (October 3rd, 12t and
16t%). However, the amount of the rainfall was minimal
with a little effect on the observations.

Animals. The study included a total of 53 captive
forest musk deer (25 males and 28 females) in the Huailai
musk deer farm. They were all born in captivity and
descendant from the southern species of China. The study
area consisted of six enclosures, each consisting of one
10.00 m? cell and 50.00 m? exercise area containing 6 - 10
deer (four enclosures each holding 10 forest musk deer;
one enclosure holding six forest musk deer; and one
enclosure holding seven forest musk deer). The enclosures
featured a natural soil base that was covered with ground
vegetation and trees. All deer were adults aged 3 years old,
and were maintained by one deer-keeper and fed twice a
day, at 08:00 and 18:00. The diet was supplemented with

Table 1. Ethogram of captive forest musk deer.

artificial feed containing approximately 40.00% corn,
25.00% wheat, and 25.00% beans, which was mixed
onsite. Seasonal vegetables were also provided
occasionally, and water was available ad Ilibitum.
Interaction with the human keeper was limited to 20 min
per day, for feeding, cleaning, and other management
duties. All deer were individually identified by a
numbered plastic ear tag. This study was approved by
the Academic Committee of the School of Environment
and Natural Resources, Renmin University of China (No.
2021010 of proposal).

Behavioral sampling and data collection. Excessive
ambient lighting at night can have an impact on animal
behavior, such as causing over-expression and resulting in
inaccurate data.'>'¢ To minimize this interference, our
study did not use any artificial lighting at night-time.
Additionally, infrared cameras (Hikvision, Hangzhou,
China) were installed on the diagonal of each barn to cover
the entire barn area without blind spots. This allowed us to
monitor the behavior 24 hr a day from October 20 to
October 16t with minimal environmental light
interference for the captive forest muck deer, a
particularly timid species. Scan sampling was used to
record each individual’s behavior at 30-min intervals. 417
Each scan was watched for up to 30 sec. The study
ethogram was adapted from previous studies on the time
allocation of alpine musk deer activities,>218 with the
behaviors defined in Table 1. All behavioral sampling was
performed by the same observer.

Statistical analysis. During the experiment, the
maximum change in day duration was 34 min. To ensure
the comparability of the incidence of behaviors between
periods, the inter-variation of day duration was not
considered when dividing periods. Hence, the daytime
period remained fixed as 06:25 - 17:32 throughout the
experiment, with the remaining time each day considered
as night-time. Behavior samples were analyzed by
individuals and, for each behavior, the behavior ratio was
calculated (the duration of behavior was divided by the
total sampling duration)!” The average rate of the total
population was then determined. The behaviors of
locomotion (LO), rumination (RU) and feeding (FE) were
merged to calculate the activity rate (the duration of these
three behaviors was divided by the total sampling
duration), and the period whose activity rate exceeded the
average was defined as the activity peak. The Shapiro-Wilk
test was used to assess the normality of data (behavior

Behaviors Abbreviations Definition

Locomotion LO In locomotion, including walking, chasing, grooming, conflict behavior, and exploring the environment
Feeding FE Feeding or drinking water

Rumination RU Ruminating, including standing-ruminating and lying-ruminating

Lying still LS In a prone posture and resting although not ruminating, with the head on the shoulder or ground
Others OT Included other infrequent behaviors, such as excretion and tail-pasting

The observer was aware of the work protocol.
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ratios). If the data were normally distributed, either an
ANOVA (to explore the difference between different
periods defined by activity rate) or a t-test (to explore the
difference between daytime and night-time) was used to
explore the difference. If the data were non-normally
distributed, either the Kruskal-Wallis H test (to explore the
difference between different periods defined by activity
rate) or the Mann-Whitney U test (the difference between
daytime and night-time) was used. Statistical analyses were
completed using SPSS Software (version 25.0; IBM Corp.,,
Armonk, USA) and all reported statistical probabilities
were two-tailed at p < 0.05. Excel (version 2108; Microsoft
Corp., Redmond, USA) was used to draw the diagrams.

Results

Distribution pattern of autumn activities. The
behavior data of LO, FE, and lying still, and the
logarithmically transformed RU data, were all normally
distributed (p > 0.05). Lying still (LS) accounted for the
highest percentage of the time budget (50.10 + 2.72%, n =
48), followed by LO (31.39 + 2.08%, n = 48) and FE (12.14
+ 1.17%, n = 48). Rumination accounted for the lowest
percentage of time amongst the four main behaviors (4.82
+ 0.83%, n = 48). The distribution of the percentage of
each behavior exhibited by captive forest musk deer over
24 hr is shown in Figure 1 with LO and LS found to be the
main behaviors of the forest musk deer and FE and
ruminating behaviors presented together.

Activity peak. As shown in Figure 2, throughout the
study, the average daily activity rate was (43.53 + 2.69%, n
= 18). There were dawn activity peaks (07:00 ~ 10:00,
65.26 * 2.35%, n = 18) and dusk activity peaks (16:00 ~
19:00, 61.83 * 7.27%, n = 18), and at midnight (0:00 ~
04:00) there were multiple small, short-duration peaks of
night activity. Among them, the activity peak duration at
midnight (0:00 - 1:00) was relatively longer (1 hr), and its
activity rate was (54.18 = 6.75%, n = 18).

As shown in Table 2, the activity rates of the three peak
periods of captive forest musk deer activities were
significantly higher than those of the off-peak (rest) period

" Lo

B FE

100

80.00

60.00

40.00

Behavior ratio (%)

20.00

0.00

0:00 2:00 4:00 6:00 8:00

10:00

591

(33.46 * 2.19%, n = 30; F = 18.62, df = 3, p < 0.001).
Comparing the activity rate of peak periods, there were no
significant differences between them (p > 0.05).

Table 2. The activity rate (mean * SE) of forest musk deer in
active and inactive periods.

Time Activity rate (%) Activity period
00:00 - 01:00 54.18 + 6.752 Midnight peak
07:00 - 10:00 65.26 + 2.352 Dawn peak
16:00 - 19:00 6183 +7.272 Dusk peak
Rest of time 33.46 £ 2.19b Off-peak

All day average 4353 +2.69a -

a indicates non-significant difference (p > 0.05), and b indicates
highly significant difference (p < 0.01).

Behavior rate comparison. In the distribution of
behavior ratios between peak and off-peak periods
throughout the day, LO and FE exhibited significant
differences in each time (Table 3). The further comparison
found that the incidence of LO in the three peak periods
was significantly higher than that in the off-peak period (F
= 721, df = 3, p < 0.001). There was no significant
difference in LO between the three peaks (p > 0.05), with
the highest behavior ratio occurring within three hr of the
peak at dawn (44.56 % 3.55%). Similarly, FE was
significantly higher during the peak periods than in the off-
peak periods (F = 14.12, df = 3, p < 0.001), although there
was no significant difference between peaks. However, RU
with a lower behavior ratio exhibited no significant
difference between different periods (p > 0.05) and
peaked (5.62 + 4.15%) in the time from 1.5 hr before to 1.5
hr after sunset. In addition, for inactive behavior LS, there
were significant differences between periods (F = 20.85, df
= 3, p < 0.001), and LS during off-peak periods (60.44 *
2.20%) was much higher than that of peak periods.

Daytime and night-time differences in behaviors.
The average behavior ratios are shown in Table 4. Deer LS
values during the daytime (45.62 * 4.63%) were slightly
lower than that at night (54.22 + 2.88%); however, the
difference was not significant (p > 0.05). Other behaviors
were slightly higher during the daytime but showed no
significant difference.

LS

ERU 50T

12:00

Time

14:00 16:00 18:00 20:00 22:00

Fig. 1. The behavioral pattern of captive forestmusk deer (LO: locomotion; FE: feeding; RU: ruminating; LS: lying still; OT: other behaviors).
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Table 3. Incidence of various behaviors in active and inactive periods. Data are presented as mean * SE.

Time Locomotion (%) Feeding (%) Ruminating (%) Lying still (%)
00:00-01:00 37.27 £9.962 1691 +4.132 449 +2512 4134 +4.252
07:00-10:00 44.56 + 3.552 20.70 £ 2,702 431+1.58 26.95+2.992
16:00-19:00 4210 £ 6.302 19.74 +1.752 5.62 £4.152 31.18+6.752
Rest of time 2543 +2.01b 8.03 £ 1.05b 4.79 + 0.852 60.44 + 2.200
ajindicates non-significant difference (p > 0.05) and b indicates highly significant difference (p < 0.01).

Table 4. Statistical analysis of day-night differences in behaviors. Data are presented as mean * SE.

Time Locomotion (%) Feeding (%) Ruminating (%) Lying still (%)
Daytime 32.87 £3.38 1443 £1.81 5.62+1.46 45.62 +4.63
Night-time 30.04 £ 2.55 10.03 £1.41 4.09 £ 0.86 54.22 +2.88
All day average 31.39 £ 2.08 12.14 £ 1.17 4.82 +0.83 50.10 + 2.72

There are non-significant differences among the data (p > 0.05).

Discussion

In this study, the 24h activity budgets showed that
there was a dawn-dusk activity peak in captive forest
musk deer in autumn. The activity rate at dawn (7:00 -
10:00) and dusk (16:00 - 19:00) were significantly higher
than that in off-peak periods. Moreover, forest musk deer
seem to have a clear schedule that distinguishes between
activity and rest time. The activity rhythms of animals
mainly include diurnal, nocturnal, and -crepuscular
activity, and they can also be affected by environmental
factors, such as the photoperiod and temperature. This is
closely related to the individual's internal physiological
processes such as eating, digestion, ruminating, and
hunger/satisfaction.’® Animals use activity time
allocation to achieve a balance between foraging and
predation risks?® and to avoid excessive water and
energy consumption.2!

The dawn and dusk peaks were close to the local
sunrise (06:15 - 06:29) and sunset (17:59-17:37) times
during the study. Similar bimodal activity patterns with
obvious dawn-dusk peaks have been identified for most
free-range ungulates in the northern hemisphere, such as
goat antelope(Rupicapra rupicapra), white-tailed deer
(Odocoileus virginianus),?2 red deer (Cervus elaphus),382324
Spanish ibex (Capra pyrenaica),?> moose (Alces alces),2627
and Rocky Mountain elk (Cervus elaphus).2428 Two activity
peaks found in this study were of relatively long duration,
both reaching three hours, and the related activities were
mainly LO and FE. The stable and long-term high
frequency of activities indicated that the high frequency of
activities during this period was due to group behaviors
rather than a fixed individual habit. During the
observation, we also found that the continuity of activity
peaks may have been due to alternate eating in the musk
group, which means taking turns in a certain order.!8
This order conforms to the habits of musk deer FE,
ruminating, re-eating, and re-ruminating.2 The FE time at
the musk deer farm was close to the set sunrise and sunset
times; thus, there was a peak in activity under the
combined action of the two, and related issues still need to
be further studied.

In addition, the study found that there were many
short midnight peaks in the activity of forest musk deer,
with narrow peaks and frequent alternation, of which the
midnight (00:00 - 01:00) small peak was particularly
significant. Animal activity can be divided into nocturnal,
diurnal, and twilight activity, as well as some transitional
forms in its activity. The midnight peak may be the deer’s
adaptation to the season or environment. Similar results
have been shown in previous studies. Red deer have
demonstrated a constant small peak of midnight activity,
in addition to the normal peaks of morning and evening
activity.!® Meng et al. reported that captive alpine musk
deer were active in the morning and evening, and also had
a small peak of midnight activity.2 Some scholars have
attempted to prove that forest musk deer also have a
midnight activity peak, but definitive evidence has not yet
been found.!8 The current study confirms that forest musk
deer also have this habit. In our study, we performed a full
review of these periods and found that forest musk deer's
activities were not just ordinary walking or exploring the
environment during these midnight peaks, but mainly
social behaviors such as chasing, grooming, and conflict
behavior. Also, the midnight peak is also a manifestation of
the self-protection mechanism of some herbivores in
special ecological systems, whose levels of alertness are
higher at night than during the day, meaning that activity
disturbance activities are greater. The duration and
positioning of animal activity peaks may be affected by a
variety of factors;?® therefore, further control studies
should be conducted to determine the influences on
captive forest musk deer caused by more potential factors.

Day-night differences in activities of captive forest
musk deer were investigated in this study. Results showed
that there were no significant differences in the activity
patterns between daytime and night-time in autumn.
Furthermore, no long-lasting behaviors were observed
either at night-time or during the daytime. A study by Xue
et al. on the daytime and night-time activities of forest
musk deer in spring showed that the intensity of night
activity of forest musk deer in spring was higher than that
in the daytime, 18 which is similar to that of captive alpine
musk deer in summer.2 Activity is essential for animals to
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adapt to ambient temperature3%32 and individuals
demonstrate flexibility to temperature33 It has been
reported that the shorter activity cycle in moose (Alces
alces) is related to the increase in temperature at noon.3435
Additionally, this study found that the activity intensity of
forest musk deer was greatly influenced by temperature
change. At high temperatures, musk deer usually rest as a
means of thermoregulation. Even though the temperature
at night was lower than the daytime, the temperature at
the musk deer farm was relatively mild in the early autumn
and the forest musk deer showed midnight activity peaks,
which may have led to the lack of significant differences in
behavior ratios between daytime and night-time.

This study also found that, under captive conditions,
musk deer had short rest times at night, between 0.5 and
1 hr, with a high frequency of changes in their resting
positions. This relates to variations among individuals in
the group. Forest musk deer in wild environments are
highly solitary; however, when socially enclosed in musk
deer farms, the interactions among individuals will
mutually influence the whole group. Individual LO at
night disturbs others and lead to group disturbance,
which could explain why the LO behavior was not
significantly reduced. In addition, due to the fixed FE time
(08:00 and 18:00), there may not have been enough food
after midnight (00:00), causing the forest musk deer to
actively search for food in the enclosure and eat sporadic
turf or food residues. This could also be a reason for the
increased activity. After eating at night, individuals often
expressed certain RU behaviors. During the FE process,
musk deer often stood with vigilance for a short time
(about 5 min) before continuing to feed, which may
indicate  that, after = captive  breeding and
multigenerational reproduction, the forest musk deer
born on the farm still expressed the same alertness
behaviors developed in wild musk deer. This study was
conducted outside of the mating season of captive forest
musk deer, and the most active behaviors observed were
related to foraging and FE. It is recommended that, in the
management of musk deer farming practices, population
size, stock density, and sufficient food provision should be
taken into consideration in order to maintain stable and
active populations.
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Article history: Giardia duodenalis is a protozoan parasite found in humans and several mammals. This
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B, assemblage D and assemblage E. The detection of zoonotic assemblage B in this study
suggests that dogs may be a reservoir for human giardiasis. Further molecular research is
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Introduction Microscopic  study,”!112  indirect fluorescence

antibody test (IFAT),13 enzyme-linked immunosorbent

Giardia spp. include six species characterized by
diverse host ranges. Of these, Giardia duodenalis
(synonyms: Giardia lamblia, Giardia intestinalis) is the
only human-infective Giardia species, widespread
worldwide, associated with diarrhea in humans and
domestic and wild mammals.1-6

Giardia duodenalis is reported to have at least eight
different genotypes (A - H) according to genetic
characteristics and host range.17-10 Of these, assemblages A
and B; although seen in many mammals, are mainly
associated with human infections.68-1© The remaining
assemblages (C - H) have a limited host spectrum and are
considered host specific.6”? However, assemblages C, D, E
and F have been reported to be isolated with low
prevalence in humans.® Assemblages C and D occur in
dogs,27-10 assemblage E in ruminants,8? assemblage F in
cats,”210 assemblage G in mice and rats'? and assemblage
H in marine mammals.167

*Correspondence:
Burcak Aslan Celik. PhD

assay (ELISA)391113 and polymerase chain reaction
(PCR)12571012-14 methods are used in the diagnosis of the
disease. Giardia has two morphological forms including
trophozoites and cysts being responsible for transmission.1
Transmission of G. duodenalis occurs by fecal-oral ingestion
of the contaminated food or water.34%15 Reportedly, this
parasite can cause growth and developmental retardation
in children even in asymptomatic cases.t It is estimated
that approximately 200 million people in Asia, Africa and
Latin America have Giardia infection.®

In studies conducted around the world, the prevalence
of Giardia was reported to be 31.33% in Brazil,16 11.20 -
15.50% in Korea,15 25.20 - 56.80% in Thailand,1013
20.50% in Italy,’?2 1.90% in Poland,* 13.00 - 39.00% in
Canada,>'7 4.50 - 11.00% in China,2* 16.40 - 36.50% in
Spain,”8 75.55% in Iraq,!! and 11.90 - 24.50% in Israel.18
In Tirkiye, the infection was first reported by Burgu!® and
the prevalence was recorded as 2.48 - 18.80%.20-23
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This study aimed to determine the prevalence and
genotypes of G. duodenalis in shelter dogs in Diyarbakir
province, Tirkiye.

Materials and Methods

Study area and sample collection. Ethical clearance
for the present study was obtained from the Dicle
University Health Sciences Application and Research
Centre, Diyarbakir, Turkiye (Approval Number: E-
35582840-020). This study was carried out in Diyarbakir
province (the main characteristics of its climate are high
temperature and dryness) located in the southeastern
Anatolia region of Tirkiye (38° 02’ 33" N, 40° 04’ 43").
The animals of the study consisted of 100 dogs of
different breeds and sexes in Diyarbakir Municipality
Animal Care and Rehabilitation Centre, Tirkiye. The
feces (non-diarrheic) were directly collected from the
rectum of the dogs with disposable latex gloves and
placed in individual sample containers. The sex and age
(taken from the centre records) of the dogs were
recorded and brought to the laboratory for examination.

Microscopic examination. The Nativ-Lugol
technique was used to check all samples for the
presence of Giardia cysts. A drop of saline solution was
placed on one side of the clean slide and a drop of Lugol
solution was placed on the other side. With the help of a
plastic stick, rice grain sized pieces of faeces were taken
from different parts of the faeces and homogenised on
the slide. The coverslipped preparations were examined
with the 40x objective of the microscope (Leica,
Hamburg, Germany).24

DNA extraction. The DNA extraction was
performed using GeneMATRIX Stool DNA Purification
Kit (EURx, Gdansk, Poland) according to the
manufacturer's protocol. The obtained DNAs were
stored at - 20.00 °C until further analysis.

Nested PCR. In the nested PCR analysis, the 3-giardin
gene region of 753 bp was amplified using the primers
described by Caccio et al.,?> (G7 F 5'- AAGCCCGACGACGA
CCTCACCCGCAGTGC-3' forward and G759R 5'- GAGG
CCGCCCTGGATCTTCGAGACGAC-3' reverse). Nested PCR
was then performed using the primers described by Lalle
et al,*¢ (BG1F 5'- GAACGAGATCGAGGTCCG-3' forward
and BG2R 5'-CTCGACGAGTTCGTGTGTT-3" reverse). In
this study, the PCR product obtained in our previous
study, being confirmed by sequence analysis as G.
duodenalis assemblage B, was used as a positive
control.2¢ The PCR products obtained were stained with
RedSafe™ Nucleic Acid Staining Solution (iNtRON
Biotechnology Inc., Seoul, South Korea) and images were
obtained on 1.50% agarose gel.

DNA sequence analysis and phylogeny. Positive PCR
samples were sequenced forward and reverse. The DNA
sequences were individually checked, aligned and

analyzed in BioEdit Sequence Alignment Editor (version
7.2.5; Tom Hall, Carlsbad, USA).?” The edited formats of
the DNA sequences were compared with the databases
using the National Center for Biotechnology
Information (NCBI) Basic Local Alignment Search Tool
to determine the assemblages.?8 In addition, data sets
were created using the f-giardin gene sequences
obtained from the NCBI GenBank database and the DNA
sequences were obtained as a result of the study. The
data sets were aligned in the BioEdit program and the
model test was performed using the maximum
likelihood statistical method in the IQ-TREE program
(version 1.6.12; http://www.igtree.org). The
phylogenetic tree was created with 1,000 bootstraps
according to the Bayesian information criterion optimal
model and it was shown which assemblages the study
samples were related to0.2930

Statistical analysis. The data obtained in the study
were analyzed using the SPSS Software (version 16.0;
SPSS, Inc, Chicago, USA) program. The relationship
between grouped variables was calculated using the Chi-
square test. The difference was considered statistically
significant when p < 0.05.

Results

Microscopic examination of all samples revealed
3.00% (3/100) Giardia spp. cysts (Fig. 1). Nested PCR
analysis revealed specific bands of 511 bp in 4 (4.00%) of
the samples (Fig. 2). The highest prevalence was found in
females (4.55%) and in those younger than one year
(5.88%, p > 0.05; Table 1). Sequence analysis revealed that
two samples overlapped with assemblage E (99.78% and
100%), one sample overlapped 99.78% with assemblage
D and one sample overlapped 100% with assemblage B.
The phylogenetic tree shows the placement of the
specimens (Fig. 3).
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Fig. 1. Photomicrograph of the Giardia duodenalis cyst (arrow),
(bar =50 pum).
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Fig. 2. Polymerase chain reaction products of Giardia duodenalis.
Lane M: DNA marker (511 bp); Lane N: Negative control; Lane P:
Positive control; Lanes 36 - 39: G. duodenalis.

Table 1. Prevalence of Giardia duodenalis infection in examined
dogs (n) according to the sex and age.

Discussion

Dogs are important companions in many homes
around the world, contributing to the physical, social
and emotional development of children and the well-
being of their owners.31 However, dogs are recognized
as natural reservoirs of several zoonotic parasitic
infections.” This increases the risk of human exposure
to zoonotic parasites.3! Therefore, it is important to
determine the prevalence of infectious agents with
zoonotic potential having the risk of transmission to
humans and other animals.

It has been reported that IFAT has the highest
sensitivity and specificity for Giardia detection and is
considered as a gold standard test.32 However, in the
study conducted by Traub et al,!3 it was reported that
more prevalence was detected by PCR method, being
similar to this study.

The prevalence determined in this study was higher
than some previous reports,*23 similar to some of them?219
and lower than others.13910121617 The reasons for the
difference between the studies may be due to the factors

AB714977 Giardia psittaci

- . o - _ '
Variables  Examineddogs Infected dogs (%) p-value affecting the prevalence of the parasite, such as the age of
Sex the dogs, living conditions, animal density, nutritional and
Female 44 2 (4.55) immune status and diagnostic methods.!2
Male 56 2(357) 0.805 Giardia cysts may endure conditions with high
humidity, low temperature, little sunshine exposure and
Age (year) low salinity for months.1® The location where this study
<1 34 2(5.88) was carried out is located in the hot and dry region of
0.491 .o . . . . .
>1 66 2(3.03) Tiirkiye. The main characteristics of its climate are high
temperature and dryness.33 This explains the low
Total 100 4 (4.00) T
prevalence rate obtained in this study.
f AY258618 Giardia muris
= AY617264 Giardia intestinalis Assemblage F
AY072724 Giardia intestinalis Assemblage A
G AY072723 Giardia intestinalis Assemblage A
HMI165227 Giardia intestinalis .\\muhl.nsc A
AY 545645 Giardia intestinalis Assemblage A
X85958 Giardia intestinalis Assemblage A
1Q978667 Giardia intestinalis Assemblage A
JQ978668 Giardia intestinalis Assemblage A
AYS45644 Giardia intestinalis Assemblage A
EUO0L4384 Giardia intestinalis Assemblage A
KC960635 Giardia intestinalis Assemblage E
d KC960611 Giardia intestinalis Assemblage E
DQI16616 Giardia intestinalis Assemblage ¥
AY072729 Giardia intestinalis Assemblage E
DQII6608 Giardia intestinalis Assemblage E
Sample 36
DQ116607 Giardia intestinalis Assemblage £
Sample 38
HM 165226 Giardia intestinalis Assemblage B
KP026313 Giardia intestinalis Assemblage B
AY072725 Giardia intestinalis Assemblage B
KP026314 Giardia intestinalis Assemblage B
Sample 39
DQOI0524 Giardia intestinalis Assemblage B
DQO090525 Giardia intestinalis Assemblage B
AYS545616 Giardia intestinalis Assemblage C
[MNZNNO Giardia intestinalis Assemblage C
MK9S68844 Giard estinalis Assemblage C
MN270295 Giardia intestinalis Assemblage C
MGS872354 Giardia intestinalis Assemblage D
l MNOL4604 Giardia intestinalis Assemblage D
AYS45647 Giardia intestinalis Assemblage D
MEK982549 Giardia intestinalis Assemblage D
0.02 LCA37463 Giardia intestinalis Assemblage D

Sample 37

Fig. 3. Phylogenetic relationships of Giardia duodenalis isolates using maximum likelihood method analysis based on S-giardin gene
region. Numbers at the nodes represent the bootstrap values (1,000 bootstrap). Giardia psitacci and Giardia muris were used as outgroup.
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Assemblages C and D have been reported as host-
specific genotypes in dogs.#522 Also, assemblage A,%71734
assemblage B,”17 assemblage C,14910141734 assemblage
D149101734 and assemblage E81* were reported in dogs. In
this study, one of the 4 positive samples was zoonotic
assemblage B, one was dog-specific assemblage D and
two were assemblage E, being interestingly seen
especially in ruminants. The reason for the occurrence of
assemblage E may be due to the fact that these dogs lived
in rural areas with dense farm animal populations.35

While some studies have reported higher prevalence
in female dogs,710111416 gthers reported in males.12151822
In this study, a higher prevalence was found in female
dogs. This result is similar to the former findings of the
researchers.’10111416  The reason for the higher
prevalence in females may be due to the decreased
immunity of these animals during certain periods of their
physiological cycle.36

In several studies, it was reported that a higher
prevalence was detected in young animals compared to
the adult ones.1011141618 [ this study, similar to the
previous findings, a higher prevalence was found in
animals younger than one year (5.88%) in comparison
with animals older than one year(3.03%). This may be
due to the fact that the immune system is not developed
in young animals and they cannot form an effective
immune response to eliminate the infection.1137

The detection of assemblages D and E as well as
zoonotic assemblage B in this study suggests that dogs
may be a source of giardiasis in humans. Therefore, it is
important that those working with dogs, including
veterinarians and shelter workers, be aware of this
potential risk and take appropriate precautions to
prevent infection. Further molecular epidemiological
research is also needed to determine the genotype
diversity of Giardia in dogs as well as its possible role in
the transmission of this parasite to humans.
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About a third of human infertility is related to male factors. Of these, idiopathic-related
infertility is not curable. Diabetes mellitus is a metabolic disorder affecting male impotence
and fertility by increased production of free radicals and oxidative stress. Saponin, a
glycosidic compound found in many plants, improves sperm parameters. The present study
investigated the effect of saponin on sperm oxidative stress and testicular structure in
streptozotocin (STZ)-induced diabetic mice. The diabetes was induced by the administration
of 150 mg kg! STZ via a single intra-peritoneal injection. All experimental mice were
allocated to the following groups: Control group, diabetic control group, diabetic group
administrated 100 mg kg1 saponin daily and one healthy group administrated saponin daily
for 56 days. At the end of the treatment period, serum levels of insulin, glucose and oxidative
stress markers were measured. A histological evaluation of testicles was performed.
Treatment of diabetic mice with saponin ameliorated testicular tissue damage as well as
serum glucose and insulin concentrations. Furthermore, in the diabetic group, the serum
concentration of malondialdehyde was increased; while, the activity of superoxide dismutase
and glutathione peroxidase enzymes was reduced. The mean Johnsen’s score and the
diameter and thickness of seminiferous tubules were lower in the diabetic mice than control
ones. However, these parameters were higher in the saponin-treated mice than controls.
Overall, saponin administration rectified all examined parameters. The anti-oxidant role of
saponin improves sperm parameters and diabetes-induced testicular oxidative damage.

© 2023 Urmia University. All rights reserved.

Introduction

levels are also reduced.® Diabetes increases the apoptosis
rate (pro-apoptotic genes such as Bax up-regulation) in

According to the report of the World Health
Organization, infertility is a disorder occurring in 10.00 -
15.00% of couples, of which 30.00 - 40.00% are associated
with the male factor.l2 Abnormal semen parameters due
to the factors other than idiopathic reasons can be
improved; while, treatment for poor idiopathic semen
quality is not promising,. 3

Diabetes or diabetes mellitus is a chronic and
endocrine disease, causing numerous concerns worldwide.
Diabetes mellitus is a heterogeneous metabolic disorder
caused by the lack of insulin production in the body or
insulin resistance impairing male sexual ability and
fertility.#> Testicular dysfunction decreases the testicular
weight along with sperm count and motility and changes
the morphology of the seminiferous tubules. Testosterone

*Correspondence:
Adel Saberivand. DVM, PG Diploma, PhD

germ cells and also interrupts the spermatogenesis process.
In about 90.00% of diabetic patients, defects in sexual
activity are seen as decreased libido and reduced fertility.”

Although the exact mechanism of diabetes mellitus is
not well understood, the increase in the production of free
radicals and increased oxidative stress are its major
proposed damaging mechanisms.”5

The presence of anti-oxidants such as vitamins or
flavonoids in the diet can exert protective effects in
diabetic patients.® Reactive oxygen species (ROS) over-
production damages the mitochondrial membrane causing
cytochrome C release, resulting in the apoptosis induction
in testicular tissue cells.”

Saponins are glycosidic chemical compounds being
abundant in many plants. Saponin is involved in protecting
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the plant against germs and fungi. Although high doses of
this substance are very toxic, several reports have
indicated that saponin increases sperm motility and
viability and hormone levels.%10

This study aimed to investigate the effects of saponin
on spermatogenesis, testicular tissue damage and blood
biochemical and hormonal parameters in diabetic mice.

Materials and Methods

Sixty-four male mice weighing 25.00 to 30.00 g were
obtained from the Animal House of Tabriz University of
Medical Sciences, Tabriz, Iran, and kept for 2 weeks in
standard conditions with 12 hr of light and adequate
humidity. All procedures performed in studies involving
animals were in accordance with the ethical standards of
Tabriz University, Tabriz, Iran (Ethical code: 1398.027).

The animals were randomly divided into 4 groups of
16 and treated as follows:

Group 1: The control group (no injections); Group 2:
The diabetic control group received a single intra-
peritoneal injection of 150 mg kg! streptozotocin (STZ);11
Group 3: The healthy control group received 100 mg kg1
per day saponin via intra-peritoneal injection for 8 weeks;?2
Group 4: Treatment group receiving 150 mg kg STZ (one
injection) and 100 mg kg! per day saponin intra-
peritoneally for 8 weeks.

At first, the glucose levels of all mice in both
experimental and control groups were determined by a
glucometer (Easy-Gluco 2657A; Complete Medical
Supplies Inc, New York, USA). Then, to induce diabetes,
150 mg kg! per day of STZ was administered intra-
peritoneally to groups 2 and 4. After 72 hr, blood glucose
levels were measured again. After confirming that the mice
were diabetic (blood glucose levels above 250 mg dL1),
they received 100 mg kg of saponin via intra-peritoneal
injection once a day for 56 days.!? At the end of the
treatment period, all mice were anesthetized with a
combination of 50.00 mg kg! ketamine (Panpharma,
Luitré-Dompierre, France) and 10.00 mg kg! xylazine
(Alfasan, Woerden, The Netherlands). Then, 2.00 to 3.00
mL of the blood samples were taken from the hearts of
animals for biochemical assays.

In order to isolate sera, immediately after sampling,
blood samples were centrifuged at 3,000 rpm for 10 min,
and the harvested sera were stored at - 80.00 °C until
used. The glucose concentration was measured by a
commercial kit (Iran Pars Azmoon, Tehran, Iran). Serum
concentrations of insulin were measured by the enzyme-
linked immunosorbent assay (ELISA) using a standard
commercial kit for mice (Mercodia Inc, Uppsala, Sweden)
and reported as pg L.

The lower abdominal area was incised under sterile
conditions, and both testicles and epididymides were
bilaterally removed and weighed. For histological

examination, the right testicle was fixed in Bouin’s fixative
for 72 hr. Then, 5.00 um sections were prepared,!3> and
stained with the Hematoxylin and Eosin staining method.
About 50 round seminiferous tubules were randomly
examined by a light microscope (CX22; Olympus, Tokyo,
Japan) with 400x magnification to determine the
seminiferous tubule diameter, germinal epithelium height
and spermatogenesis alterations.

Serum testosterone concentration was measured
using a commercial ELISA kit (Demeditec Diagnostics,
Kiel, Germany). Briefly, serum samples (25.00 pL) were
incubated with 200 pL enzyme conjugate in pre-coated
wells for 60 min at room temperature. Then, the wells
were washed three times with 300 pL diluted irrigation
solution and incubated with 200 pL substrate solution
for 15 min at room temperature. The enzymatic
reaction was ended by adding 100 pL stop solution, and
the optical density of the solution in each well was
recorded at 450 nm. The testosterone concentration
was calculated using six standard concentrations and a
four-parameter logistic curve fitting. The final
testosterone concentration was obtained from each set
of duplicates and expressed as ng mL1.

The superoxide dismutase (SOD) activity of serum
samples was measured using a commercial kit (Ransod,
Randox Laboratories Ltd. Crumlin, UK) according to the
Arthur and Boyne.'* In summary, this method is based on
the generation of superoxide radicals by adding xanthine
and xanthine oxidase to the sample and its reaction with 2-
(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium
chloride to form a red formazan dye. The SOD activity is
then measured by the inhibition power of this reaction and
expressed as U of SOD per 10.00 mg of protein. Protein
was measured using a spectrophotometer (Thermo Fisher
Scientific, Waltham, USA) according to the method
described by Bradford.1>

Glutathione peroxidase (GPx) activity was measured
by a diagnostic kit (Randox) according to the Paglia and
Valentine.!6 The oxidation of glutathione (GSH) is
catalyzed by cumene hydroperoxide in this method. The
oxidized GSH is immediately converted into the reduced
form with concomitant oxidation of nicotinamide adenine
dinucleotide phosphate (NADPH) to NADP+ (oxidized
form of NADPH) in the presence of glutathione reductase.
Then, the decline in absorbance at 340 nm is calculated in
a spectrophotometer (Thermo Fisher Scientific) and
expressed as U L.

To measure serum malondialdehyde (MDA) levels,
first, 0.20 mL of serum was added to a microtube
containing 3.00 mL of glacial acetic acid, following which
1.00% thiobarbituric acid (in 2.00% NaOH) was added to
the microtube. The tube was then placed in the boiling
water for 15 min. After cooling, the adsorption of the
resulting solution was read in a spectrophotometer
(Thermo Fisher Scientific) as pink at 532 nm.!”
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Statistical analysis. All statistical analyses were
carried out using the SPSS software (version 19.0; IBM
Corp., Armonk, USA). After ensuring the normal
distribution of the variables, they were compared using a
one-way analysis of variance. Tukey's post hoc test was
applied to determine the differences between groups. The
results were expressed as mean * standard deviation. For
all data, p < 0.05 was considered statistically significant.

Results

A significant increase was found in serum glucose
levels in group 2 compared to the group 1 at the end of the
study (p < 0.05). Additionally, a significant decrease was
observed in serum glucose levels in group 3 in contrast to
group 2 at the same time (p < 0.05; Table 1). This was true
for one week before and one week after diabetes
induction. The administration of the saponin to healthy
mice (group 4) did not significantly alter glucose
concentrations at any time of sampling.

Serum insulin evaluation indicated that group 2 (0.29 +
0.02) had lower (p < 0.05) concentrations than group 1
(0.54 + 0.02). Treatment of the diabetic mice with saponin
(group 3) (0.37 = 0.01) and healthy saponin-treated
(group 4) (0.52 + 0.02) improved (p < 0.05) the serum
insulin level compared to the group 2 (0.52 + 0.02 versus
0.37 + 0.01; Fig. 1A).

The results of the histological evaluation showed that
the mean Johnsen'’s score (M]S) was decreased (p < 0.05)
in group 2 compared to the group 1 Table 1 and Fig. 2).

On the other hand, the MJS was higher (p < 0.05) in
group 3 and group 4 than group 2. Histopathological
examination showed that the diameter of seminiferous
tubules was decreased (p < 0.05) in the group 2 compared
to the group 1. Similarly, the thickness of seminiferous
tubules was decreased (p < 0.05) in the group 2 compared
to the group 1.

In addition, the diameter of seminiferous tubules was
increased (p < 0.05) in the group 3 and group 4 compared
to the group 2. In the same manner, the thickness of the
seminiferous tubules was higher (p < 0.05) in the group 3
and group 4 than group 2 (Table 1).
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Fig. 1. The serum concentrations of A) insulin and B)
testosterone in the group 1 (control), group 2 (diabetic control),
group 3 (diabetic treated with 100 mg kg1 saponin) and group 4
(healthy saponin treated mice). abc Indicate significant difference
between control (Group 1) and other groups (p < 0.05).

Table 1. Concentrations of malondialdehyde, glutathione peroxidase, superoxide dismutase, and histological parameters of the testicles
and glucose concentrations in week -1, week +1 and week +8 in testicular tissue, in the group 1 (control), group 2 (diabetic control), group
3 (diabetic treated with 100 mg kg! saponin) and group 4 (healthy saponin-treated mice).

Parameters Group 1 Group 2 Group 3 Group 4
Malondialdehyde (U per 10 mg protein) 0.63 £0.06 2.30 £ 0.05" 1.54£0.17* 0.80 £ 0.05"t
Glutathione peroxidase (mmol L-1) 215+0.01 0.84 £0.02~ 1.72 +0.03" 243+ 0.06"
Superoxide dismutase (U per 10 mg protein) 1.67 £0.03 0.79 £ 0.03" 1.38 £0.02* 1.55+0.25"
Mean Johnsen'’s score 9.62 +0.36 435+0.17" 7.35 £0.54" 9.55 + 0.24"t
Seminiferous tubule diameter (pum) 262.42 + 425t 140.11+ 257" 190.50+ 3.23" 260.22 +1.70"
Height of germianl epithelium (um) 64.50 + 1.23t 33.50 +2.03" 54.50 + 2.15t 64.03 £ 1.05"
Glucose week -1 (mg dL1) 94.50 +5.34 100.20 £ 2.60" 95.70 £ 5.89t 96.25 +3.40t
Glucose week +1 (mg dL1) 102.42 £ 7.25t 320.25+4.07" 291.50 £ 4.03t 93.80 £4.70f
Glucose week +8 (mg dL-1) 9240 +9.34t 367.60 + 38.73" 179.20 £ 3.20t 92.30 £ 8.05"

"t Indicate significant differences between the treatment versus control and diabetic groups, respectively (p < 0.05).
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The serum testosterone concentrations were
decreased (p < 0.05) in group 2 (0.75 % 0.05) compared
to the group 1 (2.31 + 0.16). Moreover, the group 3 (2.32
+ 0.15) and group 4 (2.60 * 0.18) showed higher
(p < 0.05) serum testosterone concentrations compared
to the group 2 (Fig. 1B).

As shown in Table 1, a substantial increase in the MDA
levels was observed in the testes of group 2 compared to
the group 1 (p < 0.05). The group 3 (and group 4 showed a
dramatic decline in serum MDA levels compared to group
2 (p < 0.05). The SOD activity was decreased in group 2
compared to the group 1 (p < 0.05). The treatment of the
diabetic group with saponin (group 3) elevated the activity
of SOD enzyme in comparison with group 2 (p < 0.05). The
SOD activity was also increased in group 4 compared to
the group 2. The activity of the GPx enzyme was also
decreased in group 2 compared to the group 1 (p < 0.05).
Furthermore, group 3 and group 4 indicated higher GPx
enzyme activity compared to the group 2 (p < 0.05).

Discussion

The present study examined the ameliorative effect of
saponin on diabetes-induced injuries in male mice
reproductive system. The findings of the present study
showed that saponin declined the blood glucose and
oxidative stress markers in the testes of diabetic mice.
Diabetes produces testicular dysfunctions and reportedly,
treatment with saponin improves these functional
deficiencies via its anti-oxidant and anti-diabetic
properties.?10 Accordingly, some studies have reported
that treatment of STZ-induced diabetic mice with saponin
reduces the blood glucose levels and increases the tissue
sensitivity to insulin.’81? In another study, the saponin-
contained fraction of the Momordica charantia plant
stimulated insulin secretion in an in vitro, static incubation
assay.2% The hypoglycemic effect of saponin is related to its
ability to increase the sensitivity of tissues to insulin.1921

In diabetic patients, in addition to an enhanced amount
of blood glucose, the balance between the generation and
resolution of free radicals is also suspended. As a result,
free radical levels increase and cause oxidative stress.”12
Oxidative stress results in cell injury via mechanisms such
as lipid peroxidation and DNA and protein oxidative

damages.2? The results of the present study showed that
diabetes remarkably incremented the MDA (a lipid
peroxidation marker) levels in the testicular tissue of
diabetic mice, indicating that lipid peroxidation had been
elevated. This finding corresponds to the results of
previous research on the effects of oxidative stress on the
testis of diabetic mice.57 Several studies in this context
have reported an increase in lipid peroxidation and MDA
level in the diabetic patients.23 Other studies have reported
that saponin scavenges the free radicals generated during
lipid peroxidation.2* Hence, the decline in testis MDA
concentrations in the saponin-treated group may be
related to the anti-oxidant effects of saponin. Akbarizare et
al.?> have showed that saponin decreases the MDA level
probably due to its anti-oxidant properties.

The activity of SOD dramatically declined in the
diabetic mice in this study. These results confirm the
findings of previous studies. The SOD is known as one of
the most important enzymes of the anti-oxidant system. It
mainly catalyzes the conversion of superoxide anion
radicals to H202. Through this procedure, the toxicity of
superoxide is decreased and no free radicals from super-
oxide are produced.?? The activity of SOD was remarkably
enhanced in the serum of diabetic mice being treated with
saponin in contrast to the diabetic control group in the
present study. This is in line with the related literature. Hu
et al.26 have showed that saponin increases the serum SOD
levels and the protection against cisplatin-evoked
intestinal injury via multiple ROS-mediated mechanisms.

In the present research, the GPx enzyme activity was
intrinsically reduced in the diabetic mice compared to the
control group. However, it was notably increased in the
saponin-treated group compared to the diabetic control
group. The GPx, an anti-oxidant enzyme, is another
enzyme with detoxification effects against free radicals.2” A
decline in the activity of GPx in this study can be due to the
increment in H202 generation because of glucose
autoxidation and non-enzymatic protein glycation, causing
oxygen free radicals production.28 It is well-known that
anti-oxidant therapy increases GPx activity.2°

In the present study, the STZ-induced diabetes in mice
resulted in alterations in the histological indices of
testicular tissue. The treatment of the diabetic mice with
saponin ameliorated most of the diabetes-induced deficits




S. Pashapour et al. Veterinary Research Forum. 2023; 14 (11) 601 - 606 605

as well as spermatogenesis. These alleviating effects in the
treated animals were almost similar to those of the healthy
control group (group 4).

The reduction or absence of insulin can also decrease
testosterone concentrations causing testicular atrophy.
Insulin itself, is known as an anti-apoptotic factor that can
control testicular apoptosis and reproductive malfunction
resulted from diabetes.30

In line with the findings of this study, previous studies
have indicated that medicinal plants containing
flavonoids can improve sperm quality and testosterone
levels.>731 [n a similar study, the increased rate of
testicular germ cell death through apoptosis in STZ-
induced diabetic rats was protected by Dracaena arborea
aqueous extract containing saponins.32 Feasible
mechanisms complicated in the recuperation of testicular
oxidative stress by saponin in diabetic mice can be
described by its anti-oxidant property, decreased blood
glucose and enhanced insulin secretion.33

The treatment of diabetic mice with saponin
ameliorated diabetes-induced histological alterations in
the seminiferous tubules. In this regard, the M]S and
diameter and thickness of seminiferous tubules were
decreased in the diabetic mice in the present study. These
alterations are often important indicators of spermato-
genic dysfunction alongside to the decreases in sperm
production.34 All these alterations could be due to the toxic
effect of STZ on male reproductive system via decrease in
testosterone concentrations and consequently interrupting
testicular function.35 This late event could resulted in the
reduction and death of germ cells.3¢ The oxidative-induced
free radicals are proposed to explain the etiology and
pathophysiology of the biological effects of diabetes
mellitus. In this regard, the free radicals generated by STZ
metabolism can damage DNA and chromosomes resulting
in the cell death via apoptosis or necrosis.3>

Moreover, the serum testosterone levels were
decreased in diabetic mice, which may be related to the
testicular tissue damage and Leydig cell injuries. However,
treatment with saponin was able to ameliorate these
damages. In this regard, Shoorei et al.,” have reported that
diabetes induces testicular tissue damage and decreases
testosterone levels in diabetic rats.

In conclusion, diabetes exerts a negative effect on the
testis and sperm quality through oxidative stress. Saponin
has a potent effect on the anti-oxidant system activation in
reducing the oxidative stress induced by diabetes.
However, further detailed researches are required to
confirm these results.
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Trichoderma species are considered as biological control agents against numerous
phytopathogenic fungi. They are also helpful for plants as plant symbiont. This study aimed
to identify harmful effects of Trichoderma in laboratory animals. In the first step, inhalation
toxicity was studied. Six rats as control received a spray of bio-formulation without spores.
Ten rats as treatment A received 1.00 x 10¢ colony-forming unit (CFU) of Trichoderma
spores and ten rats as treatment B received 1.00 x 107 CFU per test of Trichoderma spores.

Trichoderma harzianum

Keywords: The harmful effects of Trichoderma were obvious especially in the lungs, liver and kidney,

and some blood parameters were abnormal. In the second step, we studied acute oral toxicity
Biological agents by gavage. Four rats as control received bio-formulation without spores. Six rats as treatment
Lab animals A received 1.00 x 106 CFU per test of Trichoderma spores. Six rats as treatment B received
Phytopathogenic fungi 1.00 x 107 CFU per test of Trichoderma spores. The harmful effects of Trichoderma were
Toxicity noticeable more in the liver and kidney tissues. For dermal toxicity study, two rabbits as

control received bio-formulation without spores by rubbing on the surface of the skin.
Treatment groups A and B received 1.00 x 106 and 1.00 x 107 CFU per test of Trichoderma
spores, respectively (four rabbits for each group). The liver and kidney and some blood
parameters were abnormal. Trichoderma has some harmful effects on tissues and organs and
although it is a natural product, it should be used under cautions.

© 2023 Urmia University. All rights reserved.

Introduction

Trichoderma species are considered as biological
control agents against numerous phytopathogenic fungi,
including Fusarium oxysporum, Rhizoctonia solani and
Macrophomina phaseolina.-* There are some reports of
the usage of Trichoderma as an anti-parasite (Toxocara
canis, Leishmania amazonensis and malaria) agent.>7
Trichoderma has been used for controlling human breast
and cervical cancer.? Its species have been reported as
pathogens of reptiles® and the list of infections that could
be caused by Trichoderma spp. in humans is extensive.1?
Trichoderma longibrachiatum is the main human pathogen
species within the genus and has been isolated with
increasing frequency in recent years.!! It produces toxic
peptides called trilongins. Exposure to T. longibrachiatum
cannot be treated with antimicrobial agents and
dramatically weakens the immune system.!? However,

*Correspondence:
Amir Ali Shahbazfar. DVM, DVSc

Trichoderma species also appear to belong to the
growing list of emergent pathogens, with an increasing
number of reports of invasive infections.1314 The problem
is not limited to immunocompromised patients.!> The
antagonistic activity of Trichoderma isolates (NAS110)
against plant pathogenic fungi: R. solani, F. oxysporum?617
was investigated in previous studies.18-20

To use Trichoderma as a fungicide and symbiotic, it is
necessary to determine its potential side effects on the
body of laboratory animals. This study aimed to determine
the acute oral, dermal and pulmonary toxicity /pathogenicity
of this agent according to the known scientific protocols.

Materials and Methods
Trichoderma preparation. Trichoderma harzianum

NAS110 was obtained from the microbial collection of
Plant Pathology Laboratory (Nuclear Science and
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E-mail: Shahbazfar@tabrizu.ac.ir

@ @ @ This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0)
@ which allows users to read, copy, distribute and make derivative works for non-commercial purposes from the material, as long as

the author of the original work is cited properly.



608 AA. Shahbazfar et al. Veterinary Research Forum. 2023; 14 (11) 607 - 614

Technology Research Institute, Karaj, Iran). It was
transferred to sterile potato dextrose broth under aseptic
conditions and incubated at 28.00 °C for 72 hr. Then, the
mycelial masses were transferred on potato dextrose agar
medium and incubated in the same temperature conditions
for 7 days. Spores were washed using saline solution from
the surface of petri dishes and spore’s suspension population
was adjusted using a Neubauer slide (Paul Marienfeld, Lauda
Konigshofen, Germany) at a concentration of 1.00 x 10¢
spore mL-1. The spores were pelleted by centrifugation at
4,500 g for 10 min and washed twice in sterile saline
solution. The washed spore suspension in distilled water
was used as biomaterial of bio-formulation with
components described as follow. Component of effective
material (biomaterial) T. harzianum NAS110 included 2.00%
Trichoderma spore, 98.00% of sucrose (Sigma-Aldrich, St.
Louis, USA) as treatment A, and component of bio-
formulation Trichofarm™ included 0.20% Trichoderma
spore, 4.80% sucrose, 4.80% starch (Alphachemika Co,,
Mumbai, India), 0.20% Arabic gum (Sigma-Aldrich), and
90.00% kaolin (Sigma-Aldrich) as treatment B. All animals
(rats and rabbits) were purchased from the animal house
ofIran Pasteur Institute, Tehran, Iran. The study was carried
out in accordance with the guidelines and regulations
approved by the Animal Experimentation Committee of
the Tabriz University (Approval Code: FVM.REC.1396.937;
Approval Date: 02 October 2022), Tabriz, Iran.

Acute pulmonary pathogenicity (inhalation test).
Twenty-six healthy young Wistar albino rats (13 of each
sex) weighting 180 - 200 g (10 weeks old) were obtained
and kept in metal and plastic cages. Food and water were
ad libitum. The light and dark cycle was 12/12 hr and the
temperature was set at 23.00 °C. After 1 week
acclimatization period, they were divided as follows: Six
animals (three of each sex) as control received a spray of
bio-formulation without spores (Sucrose, Starch, Arabic
gum, Kaolin with distilled water in the nose). Ten animals
(five of each sex) as treatment A received 1.00 x 106
colony-forming unit (CFU) of Trichoderma spores. Ten
animals as treatment Breceived 1.00x 107 CFU of
Trichoderma spores with intranasal route. The animals
were then monitored for 21 days and were anesthetized
21 days after dosing by intraperitoneal injection of 70.00
mg kg1 ketamine (Alfasan, Woerden, Netherlands) and
7.00 mg kg xylazine (Alfasan) and after losing the pedal
reflex, they were decapitated. Blood samples were collected
of them. After necropsy, tissue specimens from the liver,
kidney, spleen, heart and left lung were taken and fixed in
buffered 10.00% formalin. After 1 week of fixation, the
tissues were processed using a tissue processor and
microscopic slides were made of them. The slides were
stained by Hematoxylin and Eosin (H&E) and studied
under a light microscope (ML2100; Kriiss, Hamburg,
Germany) and photomicrographs were created of them.
The pathologic effects were classified as follow:

Liver) 0: No pathologic findings, 1: Slight hyperemia in
sinusoids, 2: Hyperemia in sinusoids and central veins
and/or hemorrhage, 3: Infiltrated inflammatory cells in
tissue and/or cell degeneration, and 4: Scattered necrosis.

Heart) 0: No pathologic findings, 1: Hyperemia,
2: Hemorrhage and/or edema, 3: Infiltrated inflammatory
cells in the tissue and/or cell degeneration, and
4: Scattered Necrosis.

Spleen) 0: No pathologic findings, 1: Hyperemia,
2: Hemorrhage, 3: Cell degeneration, and 4: Depletion of
lymphoid tissue.

Kidney) 0: No pathologic findings, 1: Hyperemia,
2: Hemorrhage and /or protein secretion in renal
tubules, 3: Cell swelling and/or degeneration of renal
tubule epithelial cells and/or inflammation, and 4:
Necrosis in the tubules.

Lung) 0: No pathologic findings, 1: hyperemia,
2: Hyperemia and slight hemorrhage and/or edema and
emphysema, 3: epithelialization of type Il pneumocytes,
and 4: infiltrated inflammatory cells in tissue and/or
scattered cell necrosis. The United States environmental
protection agency preventing pesticides and toxic
substances (7101) EPA712-c-96-318 February 1996.
Microbial pesticide test guidelines OPPTS885-3150-Acute
pulmonary toxicity/pathogenicity was followed.

Acute oral pathogenicity. Eighteen healthy young
Wistar albino rats (nine of each sex) weighting 180 - 200 g
(10 weeks old) were obtained and kept in metal and
plastic cages. They were divided as follow: Four animals
(two of each sex) as control received bio-formulation with-
out spores, (sucrose, starch, Arabic gum and Kaolin) with
distilled water with a stomach tube. Six animals (three of
each sex) as treatment A received 0.20% (1.00 x 10¢ CFU)
per test of washed spores of Trichoderma plus sucrose,
starch, Arabic gum and kaolin with a stomach tube, six
animals (three of each sex) as treatment B received 1.00 x
107 CFU per test of washed spores of Trichoderma plus
sucrose with a stomach tube. Volume of suspension was
2.00 mL per 100 g body weight. The animals were fasted
overnight before the test and after the substance had been
administered, food was withheld for a further 3 - 4 hr. The
animals were controlled for 21 days and were anesthetized
using the previously mentioned protocol and after losing
the pedal reflex were decapitated. Blood samples were
collected from them. The rest of the procedure is like acute
pulmonary toxicity. The United States environmental
protection agency preventing pesticide and toxic
substances (7101) EPA712-c-96-315 February1996.
Microbial pesticide test guidelines OPPTS885-3050-Acute
Oral Toxicity/pathogenicity was followed.

Acute dermal pathogenicity. Ten healthy young
New Zealand white rabbits (five of each sex) weighting
2.50 - 3.00 kg were obtained and kept in metal cages. They
received food and water ad libitum. The light and dark
cycle was 12/12 hr and the temperature was set at
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22.00 °C. After 1 week acclimatization period, they were
divided as follow: Two animals (one of each sex) as control
received bio-formulation without spores of Trichoderma
by rubbing on the surface of the skin. Four animals as
treatment A and four animals as treatment B. According to
the protocol, acute dermal toxicity is the adverse effect
occurring during or following 24 hr dermal exposure to a
single dose of a test substance. The animals were
monitored for 14 days and euthanized by an overdose of
60.00 mg kg1 sodium thiopental (Hospira, Illinois, USA) 14
days after dermal exposure and blood samples were
collected. The rest of the procedure was like the acute
pulmonary toxicity. The United States environmental
protection agency preventing pesticide and toxic
substances (7101) EPA712-c-96-316 February 1996.
Microbial pesticide test guidelines OPPTS885-3100-Acute
Dermal Toxicity/pathogenicity was followed.

Blood analysis. The blood parameters and liver
enzymes were measured in all dermal, oral and
respiratory test groups. These parameters were white
blood cell (WBC) count, red blood cell (RBC) count,
hemoglobin (Hb) concentration, hematocrit, mean
corpuscular hemoglobin (MCH), mean corpuscular volume
(MCV), mean corpuscular hemoglobin concentration
(MCHC), platelet count, carcinoembryonic antigen (CEA),
glycosylated Hb, alanine transaminase (ALT), aspartate
aminotransferase (AST) and alkaline phosphatase (ALP).

Statistical analysis. Data of our grading system were
processed with SPSS Software (version 22.0; IBM Corp,,
Armonk, USA). For processing the pathologic data, the
Kruskal-Wallis and Mann-Whitney U tests were used. For
data of blood parameters, one-way ANOVA with the Tukey
test as post hoc were used. The confidence interval was
less than 0.05 in all the tests.

Results

Acute pulmonary pathogenicity (inhalation test).
After 21 days of trial and microscopic study, information
was gathered and shown in Table 1. In the group with T.
harzianum spores, some pathologic effects were
observed in liver (hemorrhage, hyperemia, infiltration of
inflammatory cells), kidney (hyperemia,) and lung
(edema, infiltration of inflammatory cells, type Il
pneumocyte epithelialization) but not in spleen and
heart. There were no statistical differences between two
treatment groups (Fig. 1).

Acute oral pathogenicity. After 21 days of trial,
microscopic study information was gathered and is shown
in Table 1. In the group with T. harzianum spore’s
treatment, some pathologic effects were observed in the
liver (hyperemia, infiltration of inflammatory cells) and
kidney (Hyperemia, hyaline cast formation), but not in the
spleen and heart. Although some slight pathologic changes
were observed in the lung (hemorrhage, infiltration

of inflammatory cells), changes in the lungs were not
statistically different between the control and treatment
groups. There were no statistical differences between the
two treatment groups (Fig. 2). With the comparison of
oral and respiratory route of administration, just lungs
were more affected in respiratory route and pathologic
effects (edema, infiltration of inflammatory cells,
epithelialization in the lungs) were more severe with
respiratory administration.

Acute dermal pathogenicity. After 14 days of trial,
microscopic study information was gathered and is shown
in Table 1. In the group with Trichoderma spore’s
treatment, some pathologic effects were observed in the
liver (hyperemia, infiltration of inflammatory cells), kidney
(hyperemia, cell swelling in renal tubules) and lung
(hyperemia, emphysema, epithelialization of type II
pneumocytes) but not in the heart. Although some slight
pathologic changes were observed in the spleen, the
changes were not statistically significant between control
and treatment groups. There were no statistical
differences between two treatment groups (Fig. 3).

Blood sample tests. Blood samples were taken at the
time of euthanasia and different parameters (Liver
enzymes: ALP, ALT, AST and Blood parameters: CBC, CEA
and glycosylated Hb) were measured in them. Liver
enzymes (AST, ALT, and ALP) showed enhancement in all
the test groups (oral, dermal, and inhalation), but there
were no statistical differences between the two
Trichoderma groups. This meant the substance was
harmful to the liver which was shown in pathology, as
well. The WBC count, RBC count and Hb have been
changed with the use of Trichoderma. The WBC count has
been enhanced with the usage of Trichoderma. The RBC
count and Hb have been increased after the use in all three
forms (oral, dermal, and respiratory). Information was
shown in Tables 2 and 3.

Table 1. Pathogenicity of Trichoderma spores in different
organs after inhalation, oral and dermal exposure are shown as
mean * standard error of mean.

Organ Route Control TreatmentA TreatmentB
Inhalation 0.00 2.67 £ 0.42* 2.00 £ 0.44*
Liver Oral 0.00 2.45+0.31* 213 +0.28*
Dermal 0.00 2.25+048* 2.55+0.29*
Inhalation 0.00 2.67 £0.21* 2.67 £0.21*
Kidney Oral 0.00 1.80 £ 0.29* 1.74 £ 0.34*
Dermal 0.00 1.75 £ 0.48* 1.75 + 0.25*
Inhalation 0.25+025 0.33+0.21 0.33+0.21
Spleen Oral 017+0.17 027+0.13 045 +0.16
Dermal 033+0.33 033+0.33 0.75+£0.25
Inhalation 0.00 0.55+0.22 0.83+0.48
Heart Oral 0.00 0.61+0.27 0.69 £0.27
Dermal 0.00 0.00 0.00
Inhalation 0.00 0.83 £ 0.48* 2.10+0.36*
Lung Oral 0.00 1.24+0.39 0.66 +0.34
Dermal 0.00 1.51 £ 0.29* 2.01+0.73*

* indicates statistical difference with the group control at p < 0.05.
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Fig. 1. Histopathogenicity of Trichoderma spore after inhalation exposure in different organs of treatments A (A - F) and B (G - L). A)
Hemorrhage (black arrows) and hyperemia (white arrow) in the liver, B) Infiltration of inflammatory cells (black arrow) and hyperemia
(white arrow) in the liver, C) Hyperemia in kidney (arrows), D) Normal spleen, E) Hyperemic heart muscle (arrows), and F) Infiltration of
inflammatory cells in lung (arrows). G) Infiltration of inflammatory cells in liver (arrows), H) Hyperemia in kidney (arrows), I) Hyperemia

in spleen (panoramic view), J) Hyperemia in heart muscle (arrows), K) Epithelialization of type Il pneumocyte (black arrows) and
Infiltration of inflammatory cells around a vessel (white arrow) in lung, and L) Edema in lung (arrows), (H&E staining, bars = 50.00 um).
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Fig. 2. Histopathogenicity of Trichoderma spore after oral exposure in different organs of treatments A (A - F), and B (G - L). A) Hyperemia
in liver (panoramic view), B) Infiltration of inflammatory cells in liver (arrow), C) Protein secretion (hyaline cast and nephrotic syndrome)
in renal tubules (arrows), D) Hyperemia in spleen (arrows), E) Edema in heart muscle (arrows), and F) Hemorrhage in lung (arrows). G)
Infiltration of inflammatory cells in portal area of liver (arrows), H) Hemorrhage in liver (arrow), I) Protein secretion (hyaline cast and
nephrotic syndrome) in renal tubules (horizontal white arrows) and hyperemia (transparent vertical arrow) in kidney, J)
Hemosiderophages and hemosidrin pigments that is a sign of hemorrhage (arrows) in spleen, K) Hemorrhage in heart muscle (arrows),
and L) Infiltration of inflammatory cells around a vessel in lung (arrow), (H&E staining, bar = 50.00 um).
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Fig. 3. Histopathogenicity of Trichoderma spore after dermal exposure in different organs of treatments A (A - F), and B (G - L).
A) Hyperemia (black arrows) and slight infiltration of inflammatory cells in portal area of liver (white arrow), B) Hyperemia in
kidney (arrows), C) Hyperemia in spleen (arrows), D) Normal heart muscle, E) Emphysema in lung (arrows), and F) Hyperemia
(black arrows) and epithelialization of type II pneumocytes (white arrows) in lung. G) Infiltration of inflammatory cells in liver
(arrows), H) Hyperemia (black arrows) and cell swelling in renal tubules (white arrows), I) Hyperemia (arrows) in spleen, J)
Normal heart muscle, K) Pulmonary edema (arrows), and L) Hyperemia (black arrows) and emphysema (white arrows) in lung,
(H&E staining, bar = 50.00 pum).

Table 2. Data of some blood parameters in experimental groups.

Groups WBC RBC Hb HCT MCV MCH MCHC Platelet HbA1-C
(x103 pL1) (x106pL1)  (gdLl?) (%) (fL) (re) (%)  (x103pLY) (%)

1-K 619+097 7.62+050 1340+0.11 3650+231 4790+1.70 16.00+0.55 3340+2.60 432+17.33 444+0.17
2-K 472+026 552+0.17 1550+0.23 3890+230 4570%230 16.00+0.46 35.00+2.30 341+23.00 4.03+0.34
3-K 524+024 714+0.09 1350+0.26 3680230 51.50+1.70 17.20+0.20 3340+2.00 234+11.62 438+0.10
4-T 359+0.142 9.72+0.152 1540+0.172 4140+2.61 4260+130 1580+0.80 37.20+1.70 440+31.80 5.70+0.24
5-T 280+0.17> 9.58+0.20 1530%0.09> 4250+245 4440+0.20 16.00+0.88 36.00+230 384+2540 575+0.21
6-T 453+017 867+0.32¢ 14.00+040c 4210+1.30 4860+2.70 16.10+0.14 33.30%2.10 207 +49.00 5.30+0.09
7-F 330+0.194 9.07+0.172 1540+0.122 43.20+0.68 47.60+2.20 17.00+0.52 35.60+3.20 389+578 446+0.11
8-F 3.07 £0.37b 9.68+0.37> 1490+ 0.05b 43.10+147 4450+280 1540+0.58 34.60+2.88 3322948 535+0.23
9-F 438+0.15¢ 7.56+0.50 14.90%1.29c 4390+2.05 5810+3.03 19.70+0.29 33.90+2.21 441+17.32 591+0.21

Normalrange 3.40-14.00 690-12.20 12.00-1890 35.50-70.20 44.00-62.50 13.00-19.00 26.50-58.00 325-888 <6.00

WBC: White blood cells, RBC: Red blood cells, Hb: Hemoglobin, HCT: Hematocrit, MCV: Mean corpuscular volume, MCH: Mean corpuscular
hemoglobin, and MCHC: Mean corpuscular hemoglobin concentration.

K: Formulation material without Trichoderma (1: Oral, 2: Dermal, 3: Respiratory).

T: Trichoderma harzianum NAS110 (bio-material)-1.00 x 107 colony-forming unit (4: Oral, 5: Dermal, 6: Respiratory).

F: Bio-formulation of Trichoderma harzianum NAS110 - 1.00 x 10¢ colony-forming unit (7: Oral, 8: Dermal, 9: Respiratory).

aindicates statistical significance with 1-k, b indicates statistical significance with 2-k, ¢ indicates statistical significance with 3-k, d indicates
statistical significance with 4-T, ¢ indicates statistical significance with 5-T, and f indicates statistical significance with 6-T (p < 0.05).
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Table 3. Data of liver enzymes and carcinoembryonic antigen test
in experimental groups.

Groups AST ALT ALP CEA
(ULY) (ULY (UL1Y) (ngmL1)
1-K 148+1870 138+1520 3302150 0.33+0.07
2-K 440+2360 218+10.68 142+9.33 0.21+0.02
3-K 320+£20.27 220+16.70 165%10.89 0.29+0.02
4-T 153+18.00 171+£13.10 296+10.11 0.30+0.03
5-T 943+7235 240+1031> 288+0.17> 0.25+0.02
6-T 332+1446c 401+17.70 485+6.00c 0.39+0.04
7-F 361+14432 233 +16.25d 250+ 11.542 0.10 £ 0.02
8-F 597 +20.22be 108 +17.30be 290 + 17.300 0.33 £ 0.03
9-F 187 +11.78f 203 +1840f 198+17.90f 042+0.12

Normal range 55.00-362 40.00-170 230-355 <2.50

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase,
ALP: Alkaline phosphatase, and CEA: Carcinoembryonic antigen.
K: Formulation material without Trichoderma (1: Oral, 2: Dermal,
3: Respiratory).

T: Trichoderma harzianum NAS110 (bio-material)-1.00 x 107
colony-forming unit (4: Oral, 5: Dermal, 6: Respiratory).

F: Bio-formulation of Trichoderma harzianum NAS110 - 1.00 x 106
colony-forming unit (7: Oral, 8: Dermal, 9: Respiratory).

a indicates statistical significance with 1-k, b indicates statistical
significance with 2-k, ¢ indicates statistical significance with 3-k, d
indicates statistical significance with 4-T, ¢ indicates statistical
significance with 5-T, and f indicates statistical significance with 6-
T (p < 0.05).

Discussion

With the usage of Trichoderma harzianum, different
organs showed pathologic features but, in the liver,
(hemorrhage, hyperemia, and infiltration of
inflammatory cells), kidney (hyperemia, hyaline cast
formation, cell swelling in renal tubules), and lung
(edema, emphysema, infiltration of inflammatory cells,
type II pneumocyte epithelialization) changes were
statistically significant. Changes in the lungs were
statistically significant just in the inhalation test group
but pathologic findings existed in all the organs in all
tests. Dose of 1.00 x 107 CFU showed more pathologic
effects than dose of 1.00 x 106 CFU and the hazards
were dose dependent. Liver enzymes (AST, ALT, and
ALP) showed enhancement in all test groups (oral,
dermal, and inhalation), however, there were no
statistical differences in the two Trichoderma groups.
This meant the substance was harmful to the liver
which was shown in pathology, as well. The WBC count,
RBC count and Hb have been changed with the use of
Trichoderma. The WBC count has been enhanced with
the usage of Trichoderma. The RBC count and Hb have
been increased after the use in all three forms (oral,
dermal, and respiratory).

Trichoderma species can cause localized infections
such as pulmonary mycetoma, peritonitis, sinusitis, otitis,
brain abscess and fatal disseminated disease.!l’ The
conidia of Trichoderma molds that are inhaled can
interact with the airway epithelium causing symptoms

Trichoderma species can cause localized infections
such as pulmonary mycetoma, peritonitis, sinusitis, otitis,
brain abscess and fatal disseminated disease.l! The
conidia of Trichoderma molds that are inhaled can
interact with the airway epithelium causing symptoms
similar to those of Stachybotrys (black mold). The
symptoms that follow the inhalation include, however,
are not limited to sneezing, asthmatic attacks, prolonged
coughing and infections of the lungs (e.g., pneumonia).
Trichoderma species are a serious threat to
immunocompromised patients. One species in this genus,
Trichoderma longibrachiatum, is extremely harmful and
toxic to human.?!

In one case, thoracic tomodensitometry revealed
bilateral pneumothorax, pneumopericardium and a dense
lesion of the right apex.14 Also, in one case Trichoderma
harzianum was isolated from a pediatric patient with
hematological malignancy (acute lymphoblastic leukemia).
The child had pulmonary involvement and the mold was
resistant to treatment.22

In a comprehensive search, 16 well-documented
published cases of invasive Trichoderma infection have
been found.!* Skin lesions (necrotizing ulcerative) were
observed in three patients.!* Trichoderma species have
also been isolated from food and contaminated food may
explain the digestive involvement.1#23 Direct microscopic
examination of sputum, bronchoaspiration, and
bronchoalveolar lavage fluid samples revealed the
presence of fungal septate hyphae.!* A recent case of otitis
externa in ahealthy 12-year-old boy was resolved
following treatment. In one research, T. longibrachiatum
was administered to mice. The mortality of the infected
mice was correlated with inoculum size.

The mortality rate of mice challenged with 1.00 x 104
and 1.00 x 105 CFU per animal was 25.00%; the rate was
62.50% in those challenged with 1.00 x 106 CFU per
animal. All mice infected with 1.00 x 107 CFU per animal
were died.23 In another survey, inhaled spores could
reach the alveoli and interacted with the airway
epithelium. The fungal spores were found to trigger
histamine release from the bronchiole associated
lymphoid tissue Cells however, relatively high
concentrations (0.10 - 2.00 mg mL?1) were needed. A
similar dose response was obtained in basophil histamine
release. Mucosal mast cells from the airways were
susceptible to the potentiating effect of Trichoderma.2*

Some of these fungi that can act as human pathogens
also produce mycotoxin. For example, trichodermin, a
mycotoxin in the trichothecins group, is secreted by
Trichoderma brevicompactum. Commonly, it contaminates
the food source and consumption of these mycotoxin leads
to vomiting and gastroenteritis.2526

Trichoderma longibrachiatum is a human pathogen to
immunosuppressed individuals, still other species can also
cause infection in this type of individuals, such as
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T. citrinoviride and T. harzianum. The list of illnesses that
could be caused by Trichoderma spp.is extensive, including
peritonitis and intra-abdominal abscess in patients
undergoing continuous ambulatory peritoneal dialysis,
liver infection, acute invasive sinusitis and disseminated
infections of transplant recipients, brain abscess, skin
infection, necrotizing stomatitis and pulmonary infections
of patients with hematological malignancies, fungemia by
contaminated saline, rhinosinusitis, pulmonary myeloma
and fibrosis, hypersensitivity pneumonitis, endocarditis,
otitis externa, cerebrospinal fluid infection and allergic
reactions.1918 Trichoderma spp. bears a toxin called
gliotoxin. Some of the effects of Trichoderma is referred to
gliotoxin. Gliotoxin has high persistence in the water, soil
and air, therefore, it is a risk to human health. This toxin is
toxic for both animals and humans being lethal in
relatively low concentrations.?’

Gliotoxin can affect innumerable cell mechanisms
leading to the death of the cells. The effects of gliotoxin on
cells seem to be related not only to the concentration, but
also to the cell type. In human and some animals, it is
known that gliotoxin inhibits the function of the NADPH
(reduced nicotinamide adenine dinucleotide phosphate)
enzyme complex.?5 It can also induce apoptotic cell death
of thymocytes, peripheral lymphocytes, macrophages and
others.1528 According to references the prevalent species in
the majority of Trichoderma-based products is T.
harzianum (83.00%).2°

This research showed that T. harzianum had
pathologic effects on different organs and the blood with
oral, dermal and respiratory usage and it must be used
with care in agriculture.
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