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Dear Scimagojr Team

Can you re-examine the data you used to determine the quartiles in this journal?

I looked into the scopus database and found that the Veterinary World percentile is 79% with a
Citescore 3,02.

Isn't a journal with a 75%-99% percentile a Quartile 1 (Q1) journal? While the journal that has a
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percentile of 50%-74%, then the journal is Quartile 2 (Q2)?

Thankyou.

4~ reply

=
\’\@ Melanie Ortiz 2 months ago

W

Dear Otto, Thank you for contacting us.

As you probably already know, our data come from Scopus, they annually send us an
update of the data. This update is sent to us around April / May every year.

The calculation of the indicators is performed with the copy of the Scopus database
provided to us annually. However, the methodology used concerning the distribution of
Quartiles by Scopus is different from the one used by SCIimago.

For every journal, the annual value of the SJR is integrated into the distribution of SUR
values of all the subject categories to which the journal belongs. There are more than 300
subject categories. The position of each journal is different in any category and depends
on the performance of the category, in general, and the journal, in particular. The
distribution of Quartiles cannot be considered over the journals' total amount within a
Category. In the case of SCImago, the distribution has to be considered with the formula
Highest-SJR minus Lowest-SJR divided into four.

Best Regards,

SClmago Team

e Suryanto 9 months ago

Dear Scimagojr Team

| see in the journal web, that it declares as journal rank of Q1, but in the scimagojr, it is included in
Q2 group (2021). Is a new quartile not published yet in scimagojr? or the wrong claim from the
journal?

Thanks,

Suryanto

4 reply

° Anjum Sherasiya 2 months ago

Suryanto,

We published the quartile of Scopus on the website and not Scimago. Both are based on

same data but rank differently.

SClmago Team

m

\
<

Melanie Ortiz  © months ago

Z

W

Dear Suryanto,

Thank you very much for your comment

Apparently, the Quartile shown on the journal's website corresponds to Scopus, not
SCImago.

Best Regards, SCImago Team

° Anjum 9 months ago

Four year citescore of Veterinary World in Scopus citescore tracker is 3.02 since February-March
2022 but Scimago Journal rank page shows 2.372. Like this way citescore of three and two year
are lesser than the Scopus data which was there in the February 2022. The journal prestige and
citations have been improved but SJR has been decreased!! | request you to use the Scopus data
(based on data up to February which shows higher position of Veterinary World) to correctly
interpret the evaluation of Veterinary World.

4~ reply
=a SCIlmago Team
N . .
\’\@ Melanie Ortiz 9 months ago

W

Dear Anjum,

Thank you for contacting us.

As you probably already know, SCImago calculates the scientometric indicators based on
the data sent by Scopus. Keep in mind that these data are a static image of Scopus
database and that this one increases its documents daily. The SJR indicator is calculated
equally with a recursive algorithm that takes into account the data sent by Scopus. The
SJR indicator is a very sophisticated indicator that is much more complex to calculate
and understand than the Impact Factor or CiteScore. To know more about it, click here:
https://www.scimagojr.com/files/SJR2.pdf

For further information related to the data sent by Scopus, we suggest you contact
Scopus Support directly here:
https://service.elsevier.com/app/answers/detail/a_id/14883/kw/scimago/supporthub
/scopus/

Best Regards, SCImago Team



° Anjum 9 months ago

| request you to recheck the data of Veterinary World and correct as there is some mistake in SJR
and not considered the data as per Scopus.
Thank you in advance.

4~ reply
e
\'\@ Melanie Ortiz 9 months ago

W™

Dear Anjum,
Thank you for contacting us. Could you please expand a little bit on your comment?

Best Regards, SCImago Team

a Hoang Qui Nguyen ¢ months ago

When will you update your data about journal quality? this month?

4 reply
=
\'\@ Melanie Ortiz 9 months ago

W

Dear Hoang,

Thank you for contacting us. Our data come from Scopus, they annually send us an
update of the data. This update is sent to us around April / May every year. The SJR for
2020 was released on 17 May 2021. Therefore, the indicators for 2021 will be available in
May/June 2022.

Best Regards, SCImago Team

a Rami Issa Mohamed 10 months ago

Dear
Please tell me, what is the impact factor of Veterinary world journal and what type of quartile, Q1 or

Q2

< reply

=
{©,  Melanieortiz 10 months ago
=

Dear Rami Issa, thank you very much for your comment. SCImago Journal and Country
Rank uses Scopus data, our impact indicator is the SJR. We suggest you consult the
Journal Citation Report for other indicators (like Impact Factor) with a Web of Science
data source. Best Regards, SClmago Team

e Gita 1 yearago

Dear Madam/Sir,

Do you mind to inform me about the current quartile for Veterinary World per 20217 Is it Q2 or Q1?

Thank you.

4 reply

=
\'\O Melanie Ortiz 1 year ago

W

Dear Gita,

Thank you for contacting us. Our data come from Scopus, they annually send us an
update of the data. This update is sent to us around April / May every year. The SJR for
2020 was released on 17 May 2021. Therefore, the indicators for 2021 will be available in
May/June 2022 and before that date we can’t know what will happen with this journal.
Best Regards, SCImago Team

Q Dr. Hasanain A.J. Gharban 7 years ago

Hi
| showed that the journal of Veterinary World appeared in display options of Scopus preview web
under the 1st quartile (Q1) since 2020, while in SJR, the journal exist under the 2nd quartile (Q2),

why ?

4~ reply

-
\'\© Melanie Ortiz 2 years ago

Dear Dr. Hasanain, Thank you for contacting us.



As you probably already know, our data come from Scopus, they annually send us an
update of the data. This update is sent to us around April / May every year.

The calculation of the indicators is performed with the copy of the Scopus database
provided to us annually. However, the methodology used concerning the distribution by
Quartiles by Scopus is different from the one used by SCImago.

For every journal, the annual value of the SJR is integrated into the distribution of SUR
values of all the subject categories to which the journal belongs. There are more than 300
subject categories. The position of each journal is different in any category and depends
on the performance of the category, in general, and the journal, in particular. The
distribution by Quartiles cannot be considered over the journals' total amount within a
Category. In the case of SCImago, the distribution has to be considered with the formula
Highest-SJR minus Lowest-SJR divided into four.

Best Regards,

SClmago Team

Andres 3 years ago

Hi, Melanie, when update of the data of the indicators for 2019 for this Journal?

4 reply
=
(@ Melanie Ortiz 3 years ago

Z

W

Dear Andres,

Thank you for contacting us. Our data come from Scopus, they annually send us an
update of the data. This update is sent to us around April / May every year. The SJR for
2019 was released on 11 June 2020.

Best Regards, SCImago Team

P. Ravi Kanth Reddy 2 years ago

Recently published a review paper in the journal. The response was quick and review was critical

and good with constructive comments.

4~ reply

SClmago Team

,E\‘\ . .
\\@ Melanie Ortiz 3 years ago

Dear P. Ravi, thanks for your participation! Best Regards, SClmago Team

Rosidi Azis 3 years ago

Dear Sir/Mis

I would like to confirm about this Journal. Why the link on homepage SJR isn't connected on the
Veterinay World website?

please show me about predatory journals

< reply
=a SClmago Team
N . .
\’\@ Melanie Ortiz 3 years ago

W

Dear Rosidi,

The webiste is available above. We also inform you that SJR is a portal with scientometric
indicators of journals indexed in Scopus. All the data have been provided By Scopus
/Elsevier and SCImago doesn’t have the authority over this data. For more information
about predatory journals you can check the link below:

https://beallslist.weebly.com/.

Best regards, SClmago Team

Shahbaa Khalil 3 years ago

Dear Sir

How long time can | get research acceptance or reject?

< reply

SClmago Team

i

%

Melanie Ortiz 3 years ago

e
©

W

Dear Shahbaa,
thank you for contacting us.
Sorry to tell you that SClmago Journal & Country Rank is not a journal. SJR is a portal with



scientometric indicators of journals indexed in Elsevier/Scopus.
Unfortunately, we cannot help you with your request, we suggest you to visit the journal's
homepage or contact the journal’s editorial staff , so they could inform you more deeply.

Best Regards, SCImago Team

@ Myassar 3 years ago

is vet world become Q1?

4+ reply

° Anjum 3 years ago

Z

€

%

W

Yes. Veterinary World become Q1 in 2020 (based on citations in 2019) as per citescore

tracker.

SClmago Team

i

Q

Melanie Ortiz 3 years ago

W

Dear Anjum,

Our data come from Scopus, they annually send us an update of the data. This
update is send to us around April / May every year. Thus, the indicators for 2019 will
be available in June 2020 and before that we can’t know what will happen with this
journal. Best Regards, SCImago Team

SClmago Team

Melanie Ortiz 3 years 2ago

Dear Myassar, thank you very much for your request. You can consult that information in

SJR website. Best Regards, SClmago Team

e Gervais 3 years ago

What's the current impact factor

4~ reply
=
\’\@ Melanie Ortiz 3 years ago

W

Dear Gervais, SCImago Journal and Country Rank uses Scopus data, our impact indicator
is the SJR. Check our page to locate the journal. We suggest you consult the Journal
Citation Report for other indicators (like Impact Factor) with a Web of Science data
source. Best Regards, SCImago TeamSCImago Journal and Country Rank uses Scopus
data, our impact indicator is the SJR. Check our page to locate the journal. We suggest
you consult the Journal Citation Report for other indicators (like Impact Factor) with a

Web of Science data source. Best Regards, SCImago Team

ﬁ hermin ratnani 4 years ago

how long about fast publish for special needed increasing level degree institution

4+ reply

3

SClmago Team

Elena Corera 4 years ago
Dear Hermin Ratnani,
thank you very much for your comment, unfortunately we cannot help you with your

request. We suggest you check author’s instructions in journal website. You can find that
information in SJR website https://www.scimagojr.com

Best Regards,

SClmago Team

° AriPrima /4 years ago

The response is very nice and very fast. It's good for the authors.

4+ reply

SClmago Team
@ Elena Corera 4 years 2ago



Thanks for your participation!

Leave a comment

Name

Email

™

reCAPTCHA

Privacy - Terms

I'm not a robot

The users of Scimago Journal & Country Rank have the possibility to dialogue through comments linked to a
specific journal. The purpose is to have a forum in which general doubts about the processes of publication in the

journal, experiences and other issues derived from the publication of papers are resolved. For topics on particular

articles, maintain the dialogue through the usual channels with your editor.
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Research (Published online: 11-09-2019)

1. Correlation between hematological profile and theileriosis in Bali
cattle from Muara Bulian, Jambi, Indonesia

N. Aziz, M. Maksudi and Y. A. Prakoso

Veterinary World, 12(9): 1358-1361

[ Abstract (http://www.veterinaryworld.org/Vol.12/September-2019/1.html) J

[ PDF (http://www.veterinaryworld.org/Vol.12/September-2019/1.pdf) ]

Research (Published online: 11-09-2019)

2. Administration of Streptococcus bovis isolated from sheep rumen
digesta on rumen function and physiology as evaluated in a rumen
simulation technique system

Durgadevi Aphale, Aamod Natu, Sharad Laldas and Aarohi Kulkarni
Veterinary World, 12(9): 1362-1371

[ Abstract (http://www.veterinaryworld.org/Vol.12/September-2019/2.html) ]
[ PDF (http://www.veterinaryworld.org/Vol.12/September-2019/2.pdf) ]

Research (Published online: 12-09-2019)

3. Identification of carbon nanotube particles in liver tissue and its
effects on apoptosis of birds exposed to air pollution

Ahmed Mahdi Al-Badri, Ali Fayadh Bargooth, Jafar Ghazi Al-Jebori and Esraa
Abdul Khaliq Zegyer

Veterinary World, 12(9): 1372-1377

[ Abstract (http://www.veterinaryworld.org/Vol.12/September-2019/3.html) ]

[ PDF (http://www.veterinaryworld.org/Vol.12/September-2019/3.pdf) ]

Research (Published online: 12-09-2019)

4. Molecular and phylogenetic study of Staphylococcus aureus isolated

from human and cattle of Al-Qadisiyah Governorate, Iraq

Ahmed Jasim Neamah, Hayder Naji Ayyez, Saba Falah Klaif, Yahia Ismail Khudhair
and Muthanna Hadi Hussain

Veterinary World, 12(9): 1378-1382

[ Abstract (http://www.veterinaryworld.org/Vol.12/September-2019/4.html) ]

[ PDF (http://www.veterinaryworld.org/Vol.12/September-2019/4.pdf) ]

Research (Published online: 13-09-2019)

5. Bactericidal and virucidal efficacies of food additive grade calcium
hydroxide under various concentrations, organic material conditions,
exposure duration, and its stability

Sakchai Ruenphet, Kornkamon Paditporn, Darsaniya Punyadarsaniya, Tippawan
Jantafong and Kazuaki Takehara

Veterinary World, 12(9): 1383-1389

[ Abstract (http://www.veterinaryworld.org/Vol.12/September-2019/5.html) ]
[ PDF (http://www.veterinaryworld.org/Vol.12/September-2019/5.pdf) ]
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Research (Published online: 13-09-2019)

6. Ectoparasites of brown rats (Rattus norvegicus) in Grenada, West Indies
Katelyn Noelle Thille, Nia Francesca Rametta, Daniel Mark Fitzpatrick, Camille
Coomansingh Springer, Keshaw Tiwari, Rhonda Denise Pinckney and Ravindra
Nath Sharma

Veterinary World, 12(9): 1390-1394

[ Abstract (http://www.veterinaryworld.org/Vol.12/September-2019/6.html) ]
[ PDF (http://www.veterinaryworld.org/Vol.12/September-2019/6.pdf) ]

Research (Published online: 14-09-2019)

7. Exposure assessment of the consumers living in Mount Lebanon
directorate to antibiotics through medication and red meat intake: A
cross-sectional study

Christelle Bou-Mitri, Paula Hage Boutros, Joelle Makhlouf, Maya Abou Jaoudeh,
Najwa El Gerges, Jessy El Hayek Fares, Elie Bou Yazbeck and Hussein Hassan
Veterinary World, 12(9): 1395-1407

[ Abstract (http://www.veterinaryworld.org/Vol.12/September-2019/7.html) ]
[ PDF (http://www.veterinaryworld.org/Vol.12/September-2019/7.pdf) ]

Research (Published online: 16-09-2019)

8. The impact of religious festival on roadside livestock traders in urban
and peri-urban areas of Yogyakarta, Indonesia

Alek Ibrahim, | Gede Suparta Budisatria, Rini Widayanti and Wayan Tunas Artama
Veterinary World, 12(9): 1408-1415

[ Abstract (http://www.veterinaryworld.org/Vol.12/September-2019/8.html) ]
[ PDF (http://www.veterinaryworld.org/Vol.12/September-2019/8.pdf) ]

Research (Published online: 16-09-2019)

9. Residual quantification and oxidative stress induced by malachite
green after subacute and sublethal exposure in red tilapia

Penz Penz Kwan, Sanjoy Banerjee, Mohamed Shariff and Fatimah Md. Yusoff
Veterinary World, 12(9): 1416-1421

[ Abstract (http://www.veterinaryworld.org/Vol.12/September-2019/9.html) ]
[ PDF (http://www.veterinaryworld.org/Vol.12/September-2019/9.pdf) ]

Research (Published online: 17-09-2019)

10. Comparative immune responses of pups following modified live virus
vaccinations against canine parvovirus

Jayalakshmi Vasu, Mouttou Vivek Srinivas, Prabhakar Xavier Antony, Jacob
Thanislass, Vijayalakshmi Padmanaban and Hirak Kumar Mukhopadhyay
Veterinary World, 12(9): 1422-1427

[ Abstract (http://www.veterinaryworld.org/Vol.12/September-2019/10.html) ]
[ PDF (http://www.veterinaryworld.org/Vol.12/September-2019/10.pdf) ]

Research (Published online: 18-09-2019)
11. Dry preservation of Toxocara vitulorum by plastination technique
Niranjan Kumar, Jayesh B. Solanki, Prabhakar Shil, Dharmesh C. Patel, Ramasamy
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Meneka and Shailendra Chaurasia
Veterinary World, 12(9): 1428-1433

[ Abstract (http://www.veterinaryworld.org/Vol.12/September-2019/11.html) ]
[ PDF (http://www.veterinaryworld.org/Vol.12/September-2019/11.pdf) ]

Research (Published online: 18-09-2019)

12. Anticancer activities of toxic isolate of Xestospongia testudinaria
sponge

Made Dira Swantara, Wiwik Susanah Rita, Nyoman Suartha and Kadek Karang
Agustina

Veterinary World, 12(9): 1434-1440

[ Abstract (http://www.veterinaryworld.org/Vol.12/September-2019/12.html) ]
[ PDF (http://www.veterinaryworld.org/Vol.12/September-2019/12.pdf) ]
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Abstract

Background and Aim: Several difficulties are involved in creating models for myocardial infarction (MI) in animals, such
as low survival rates after acute MI, complicated techniques in creating animal models, complexities in confirming acute
MI incidence, and complex surgical tools needed in the process. This study aimed to develop an animal model for acute MI
using Wistar rats utilizing simple instruments that are readily available in standard animal laboratories.

Materials and Methods: We induced MI in 48 Wistar rats using the left anterior descending coronary artery ligation
modification technique without tracheal incision and ventilator. This ligation technique was performed 1-2 mm distal to
the left atrial appendage. MI occurrence was evaluated using heart enzyme parameters 24 h post-ligation and histological
studies of the infarcted area 6 weeks after the ligation. Rats were divided into the coronary artery ligation group and sham
group.

Results: Of the 48 rats, 24 (50%) died within 24 h post-ligation, but no further deaths occurred in the next follow-up period
of 6 weeks. The average infarct size in six rats within 24 h of ligation was 35%+5.7%. The serum glutamic oxaloacetic
transaminase level of the group treated with coronary artery ligation was statistically significantly higher than that of the
sham group (p=0.000).

Conclusion: We developed an MI rat model with consistent infarction size, in which the long-term death of rats was not
observed. Our ligation technique for an MI rat model can be a reference for experimental settings without ventilators for

small animals.

Keywords: left anterior descending coronary artery ligation, myocardial infarction, rat model.

Introduction

Animal models of acute myocardial infarction
(MI) are very important for studying cellular and
molecular changes in the heart. However, various diffi-
culties are associated with creating animal MI models,
such as low survival rates after acute MI, complicated
techniques in creating animal models, complexities in
confirming acute MI incidence, and complex surgical
tools needed in the process.

Albino rats (Rattus norvegicus) are frequently
used for animal models because their care is easy
and cost-effective [1]. A commonly utilized modeling
method is left anterior descending (LAD) coronary
artery ligation. However, this method has its own chal-
lenges, such as high mortality rate (~27%) and large

Copyright: Nugroho, et al. Open Access. This article is distributed
under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/
by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data
made available in this article, unless otherwise stated.

variance in the size of the infarction (15-38%) [2]. One
of the challenges of using MI rat models is the intuba-
tion technique, as rats have relatively small airways.

This study aimed to develop an acute MI animal
model using Wistar rats, without making a tracheal
incision for intubation, and using simple instru-
ments that are readily available in standard animal
laboratories.

Materials and Methods

Ethical approval

This study was conducted at the Model Animal
Laboratory of the Department of Biochemistry and
the Electron Microscope Laboratory of the Faculty
of Medicine. The care and usage of animals con-
formed with the principles of laboratory animal care,
and adequate measures were taken to minimize pain.
The protocol was approved by the Ethical Committee
of the Faculty of Veterinary Medicine (approval
no. 184-KE).

Induction of MI
The study included 48 14-week-old male Wistar
rats, weighing an average of 200-300 g. All rats were
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randomly distributed into the following three groups:
Group I - LAD coronary artery ligation and sacrificed
1 day post-ligation; Group II - LAD coronary artery
ligation, with a 2-week recovery period followed by
a 4-week observational period, and sacrificed thereaf-
ter; Group Il - LAD coronary artery ligation, with a
2-week recovery period, swimming practice 5 times a
week for 4 weeks, with individually set practice dura-
tion (40% of the maximum duration), and sacrificed
thereafter; and Group IV (sham group) - no LAD cor-
onary artery ligation treatment, but underwent thora-
cotomy, and sacrificed after 6 weeks. All rats were
kept in plastic cages (three rats in each cage), with
a 12:12-h dark/light cycle and average temperature
of 22°C-27°C. Pellet feed and water were supplied
ad libitum.

Prior to LAD coronary artery ligation, the rats
were intramuscularly anesthetized with a combination
of ketamine hydrochloride (50 mg/kg body weight) and
xylazine (5 mg/kg body weight). Skin color, respiratory
pattern, and level of consciousness were monitored
during the anesthetic procedure. The rats were then
intubated using 14-gauge intravenous catheters with
small wire stylets. Direct laryngoscopy was performed
using a small (for neonates) laryngoscope (Figure-1).
The stylet was then detached from the intravenous
catheter after ensuring that the intravenous catheter
had entered the lumen of the trachea. Once the intra-
venous catheter was inside the lumen of the trachea,
contact was made with a jagged structure, and this was
further confirmed with the expansion of the chest when
positive oxygen was administered. The intravenous
catheter was then connected to a three-way stopcock.
One port was connected to an oxygen cannula attached
to an oxygen tank. Oxygen was supplied at a rate of
0.5 L/min. To maintain lung pressure and prevent lung
collapse during thoracotomy, the open/close proce-
dure was applied to the third port with a frequency of
70-80 times/min to attain a tidal volume of 1.5-3 mL.

Electrocardiogram (ECG) measurement, using
an ECG machine (Cardisuny C110; Fukuda M-E
Kogyo Co., Ltd., Chiba, Japan) with modified elec-
trodes, was performed prior to the thoracotomy. Leads
were attached to the four extremities, with one to the
precordial anterolateral area of the rats. ECG was
recorded in leads I, II, 111, aVR, aVL, aVF, and V6, at
a speed of 50 mm/s. ECG measurement was repeated
24 h post-ligation. Results from both measurements
were then compared.

Thoracotomy was performed by making a small
incision using small surgical scissors while separating
the skin and muscle tissues on the left parasternal of the
4™ and 5™ intercostal spaces (Figure-2). Then, a spec-
ulum was attached to maintain fixation of the 4" and
5™ intercostal spaces. Once the heart and lungs were vis-
ible, the pericardium was then separated carefully. The
heart was then pushed from a laterocaudal to a cranial
position, keeping it slightly out of the thoracic cavity so
that the LAD coronary artery could be easily identified.

L AN — 7

Figure-1: Intubation process: (a) Direct laryngoscopy
was performed using a neonatal laryngoscope. A wire
was inserted inside a 14-gauge intravenous catheter.
(b) Insertion of the intravenous catheter with the help of
an assistant to place the head into the “floating” position.
(c) The wire was then detached from the intravenous
catheter after ensuring that the intravenous catheter
had entered the lumen of the trachea. (d) Once the
intravenous catheter was inside the lumen of the trachea,
the intravenous catheter was connected to a three-way
stopcock and an oxygen cannula attached to an oxygen
tank.

<

Figure-2: Coronary artery ligation and extraction of the
heart: (a) exposing the heart during coronary artery
ligation procedure; (b) closing the surgical area after
artery ligation; (c) heart extraction for sacrifice procedure;
(d) the extracted heart showing the ligation 1-2 mm distal
of the left atrial appendage.

Once the LAD coronary artery was identified,
ligation was performed using Prolene® 6/0 thread
(Ethicon, Somerville, NJ, USA), 1-2 mm distal of
the left atrial appendage. An LAD coronary artery
ligation was confirmed successfully if a pale color
change was observed in the distal area of the heart,
on which the anterolateral ligation was made. The
ribs were then stitched back together using a Prolene
2/0 thread, whereas the skin was stitched using a
Prolene 6/0 thread. Subsequently, the rat was extu-
bated, once adequate spontaneous ventilation had
been observed. The incision wound was treated with
sterile gauze dressing and daily application of povi-
done-iodine solution. Stitches were removed after
7-10 days.
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Post-MI evaluation

Acute MI was diagnosed by a change in the
ST segment or Q wave on lead V6, I, or aVL in the
ECG 1 day post-ligation, compared with the ECG
prior to ligation. Creatine kinase isoenzyme muscle—
brain (CKMB) serum and serum glutamic oxaloace-
tic transaminase (SGOT) levels were measured 1 day
post-ligation. Survival rate was calculated based on
the percentage of surviving rats 6 weeks post-ligation.

Six weeks post-ligation, the rats were sacrificed
in an anesthetized state using ketamine hydrochlo-
ride (50 mg/kg body weight). The chest cavity was
opened from the middle of the chest, and the heart
was excised by tying the aorta ascendens. The excised
heart was placed in phosphate-buffered saline (10%)
solution. Thereafter, morphological examination was
performed macroscopically, and specimens for histo-
pathological examination were prepared.

The infarcted region was stained with triphenyl
tetrazolium chloride (TTC) for the macroscopic exam-
ination of the infarct size [3]. The heart was transver-
sally incised into three parts, each having a thickness
of 10 mm, starting from the distal part of the ligation
area. All parts were cleaned with saline, stained with
TTC, and incubated for 20 min at 37°C. Viable hearts
appeared maroon, and the infarcted region appeared
paler or whitish.

The MI area was measured in the hematoxy-
lin and eosin-stained histopathological specimens
(Figure-3). Each section was photographed, and the
width of the infarcted area was marked and calculated
using a graphic software (CorelDRAW® Graphics
Suite X5; Corel Corporation, Ottawa, ON, Canada)
(Figure-4). Infarct size was expressed as the percent-
age of the infarcted area against the total transversal
left ventricle area.

Statistical analysis

Data were expressed as mean + standard devi-
ation. Differences within groups were analyzed with
one-way analysis of variance. In addition, differences
among groups were analyzed with Mann—Whitney
U-test. The test results were considered statistically
significant if p<0.05.

Results

Twenty-four rats (50%) died within 24 h fol-
lowing the procedure. However, none of the remain-
ing 24 rats died during the course of the following
42 days until the time they were sacrificed. Table-1
shows no significant difference in body weight
among the groups (p=0.14). The SGOT of the groups
(Groups I-1II) treated with LAD coronary artery liga-
tion was statistically significantly higher than that
of the sham group (Group IV) (p<0.01) (Table-2).
Meanwhile, analysis of the CKMB level showed no
statistically significant difference between the two
groups (p=0.09).

Results of the microscopic examination of the
infarct area showed that Group II had the largest

Figure-3: Myocardial infarction size measurement of
groups (a) I, (b) II, (c) III, and (d) IV (hematoxylin and
eosin stain, 40x magnification).

A curve area that being measured .

Figure-4: Macroscopic measurement of the infarcted area
using graphic software.

Table-1: Mean weight of the subjects.

Group n Weight (g) p-value
I 6 237.5+25.05 0.60
II 6 231.67+£16.33

11 6 242.50+19.43

v 6 245.67+10.89

Values are presented as meanzstandard deviation

average infarcted area (56.5%), whereas Group I had
the smallest infarcted area (35.0%). The mean infarct
areas of Groups III and IV were 44.3% and 0.0%,
respectively. Macroscopic inspection of the speci-
mens prepared with TTC showed infarct areas of 33%
(Group I), 54% (Group II), 45% (Group I1I), and 0%
(Group V), thus confirming the microscopic findings.

The infarct size in Groups I-III, which under-
went LAD coronary artery ligation, ranged from 28%
to 59%. Table-3 shows statistically significant differ-
ences in infarct size within the groups (p<0.01). The

Veterinary World, EISSN: 2231-0916

1450



Available at www.veterinaryworld.org/Vol.12/September-2019/14.pdf

Table-2: SGOT and CKMB levels.

Group n SGOT CKMB

MeanxSD p-value Mean+SD p-value
Ligation 18 435.22+168.56 <0.01 2476.54+957.21 0.09
Sham 6 162.84+£39.12 1589.53+729.91

CKMB=Creatine kinase isoenzyme muscle-brain, SD=Standard deviation, SGOT=Serum glutamic oxaloacetic

transaminase

Table-3: Infarcted area of the ligation groups.

Group Infarct size (%) p-value
I 35.0+5.7 <0.012
11 56.5+2.5 <0.01°
111 44.3+2.9

v 0+0

Values are presented as meanzstandard deviation.
aDifferences among Groups I, II, and III, °Differences
between Groups II and III

increase in infarct size in Group III compared with that
of Group I was 21.5%. Meanwhile, Group III showed
a 9.3% increase in infarction size. Differential testing
showed that the mean infarct area in Group III was
statistically significantly lower than that of Group Il
(without exercise) (p<0.01).

Discussion

We developed an MI rat model with successful
MI induction on all rats with a survival rate of 50%
within 24 h post-ligation. The mortality rate of this
model was still higher than that of other standard
models (5-40% mortality rates) [4]. Deaths during the
1** day post-MI are mostly associated with ventricular
tachycardia/fibrillation conditions post-ligation [5],
while acute heart failure and rupture are the com-
mon causes of postoperative death during days 3-7
post-MI [6,7].

This MI model was developed with modified
methods in response to the unavailability of instru-
ments such as laryngoscope and ventilator that are
suitable for Wistar rats. Furthermore, to our knowl-
edge, the procedures implemented in the development
of this model have never been done before. Such pro-
cedures included intubation using neonatal laryngo-
scope and intravenous cannula and manual ventilation
using a three-way stopcock connected to an oxygen
tank. No tracheal incision was required in our proce-
dure. Therefore, we were able to avoid the risks of tra-
cheal edema and bleeding related to tracheostomy [8].
Another modification was intubation using transcuta-
neous tracheal illumination without laryngoscope [9].
Although the procedure is less traumatic, it requires
another operator to retract the tongue and perform
transillumination to provide better visualization.
Another simple method of intubation using the oro-
pharyngeal intubation wedge from a common 3-mL
syringe was proposed by Jou et al. [10].

Although the heart was less accessible and
less exposed in our thoracotomy technique with

parasternal incision, there was less bleeding [11].
Another alternative incision via the midsternum
would enable more access to the heart, but would
cause more bleeding [12]. The quality of thoracotomy
to induce coronary occlusion directly influences study
outcomes. Minimally invasive thoracotomy through
the intercostal space is recommended for an MI model
to reduce the confounding effects of the surgical pro-
cedure on inflammation [13]. This study showed an
increase in the SGOT levels of the ligation groups.
However, no significant differences were observed
in the CKMB levels between the ligation and sham
groups. Chest muscle damage and heart injuries
caused by the thoracotomy techniques presumably
triggered the increase in CKMB levels without heart
ischemia [14]. Srikanth et al. [15] reported that the
CKMB level in the sham group was similar to that in
the healthy group, but it was significantly lower than
that in the M1 group. Minimizing injury to the heart by
avoiding excoriation and heart immobilization using
an earbud might contribute to a normal CKMB level
in the sham group.

There were some challenges associated with
this model. Hypersalivation during laryngoscopy
obscured the laryngeal view. Antisialogogue adminis-
tration would be beneficial. If laryngospasm occurred,
we recommend allowing the animal to recover for
15 min. In our experience, laryngospasm happened
after the second unsuccessful intubation. After intu-
bation, the intravenous catheter should be secured
safely, as it can easily dislodge because there was no
cuff. Finally, the part of the LAD to be ligated must
be definitely not too distal. Ligating the LAD at the
same anatomical location across groups is important.
However, as the LAD was not easily identified, we
used left atrial appendage as guidance.

In this study, the infarct size measured 1 day
post-ligation was 35%. This size was reported
not to cause any malfunction of the left ventricle,
which explains the absence of congestive heart fail-
ure-related death within 42 days post-ligation [16].
Moreover, LAD coronary artery ligation in this study
was performed more distally (i.e., 1-2 mm below the
left atrial appendage) to minimize variation in the
infarcted area [17]. LAD coronary artery ligation in
the proximal area was reported to have 4-65% vari-
ance in the infarcted area [18]. Moreover, artery liga-
tion performed very close to the origin was reported
to have a 24-h mortality rate of 100% and produced
>65% larger infarct size [19]. Expansion of the
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infarcted area occurs over time. The infarct area of M1
rats with no exercise (Group II) 6 weeks post-ligation
was 56.5%. In addition to time, variance in infarct
size may be caused by the measurement method in
relation to certain areas because of the resorption and
retraction of the infarcted area and hypertrophy of the
non-infarcted region [20].

Despite the merits of our LAD ligation tech-
nique, some limitations should be noted. First, we did
not perform imaging studies such as echocardiography
or gadolinium-enhanced magnetic resonance imaging
to select rats with consistent infarct sizes [21,22]. It
is important to emphasize that infarct size does not
differ between groups before exercise intervention.
Second, we did not evaluate if the deaths within the
first 24 h post-MI were due to surgical errors or very
large infarct sizes. Third, we did not perform specific
pharmacological intervention that would validate this
model. Finally, we did not perform ECG assessment,
apply oxygen saturation and end-tidal carbon diox-
ide, and control the temperature during the anesthetic
procedure. Any undetected hypercarbia and hypoxia
during the procedure would influence the outcomes.

Conclusion

We have developed an MI rat model with con-
sistent infarction size, and long-term death of rats was
not observed. Our LAD ligation technique to develop
an MI rat model can be a reference for experimental
settings without ventilators for small animals. When
applied in human clinical practice, this model may be
useful for evaluating the mechanism of the expansion
of the left ventricle MI area after an acute MI, espe-
cially in patients who are not receiving reperfusion
and are performing light exercise.

Authors’ Contributions

JN conceived, conducted the research work,
performed the investigations, and reviewed the man-
uscript. WMY designed and supervised the study and
reviewed the manuscript. AW analyzed the data, per-
formed statistical analysis, and drafted the manuscript.
CG conducted literature search and data acquisition.
All authors read and approved the final manuscript.

Acknowledgments

The authors are thankful to the Department of
Biochemistry and the Electron Microscope Laboratory
of the Faculty of Medicine, Airlangga University,
Indonesia for providing necessary facilities. The
authors did not receive any fund for this study.

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

1. Bhindji, R., Witting, P.K., McMahon, A.C., Khachigian, L.M.
and Lowe, H.C. (2006) Rat models of myocardial infarc-
tion: Pathogenetic insights and clinical relevance. Thromb.
Haemost., 96(5): 602-610.

2. Yang, X.P., Sabbah, H.N., Liu, Y.H., Sharov, V.G.,
Mascha, E.J., Alwan, I. and Carretero, O.A. (1993)
Ventriculographic evaluation in three rat models of cardiac
dysfunction. Am. J. Physiol. Heart Circ. Physiol., 265(6):
1946-1952.

3. Fishbein, M.C., Meerbaum, S., Rit, J., Lando, U.,
Kanmatsuse, K., Mercier, J.C., Corday, E. and Ganz, W.
(1981) Early phase acute myocardial infarct size quantifica-
tion: Validation of the triphenyl tetrazolium chloride tissue
enzyme staining technique. Am. Heart. J., 101(5): 593-600.

4. Michael, L.H., Ballantyne, C.M., Zachariah, J.P., Gould, K.E.,
Pocius, J.S., Taffet, G.E., Hartley, C.J., Pham, T.T,
Daniel, S.L., Funk, E. and Entman, M.L. (1999) Myocardial
infarction and remodeling in mice: Effect of reperfusion. Am.
J. Physiol. Heart Circ. Physiol., 277(2): 660-668.

5. Opitz, C.F., Mitchell, G.F., Pfeffer, M.A. and Pfeffer, J.M.
(1995) Arrhythmias and death after coronary artery occlu-
sion in the rat: Continuous telemetric ECG monitoring in
conscious, untethered rats. Circulation, 92(2): 253-261.

6. Gao, X.M., Xu, Q., Kiriazis, H., Dart, A.M. and Du, X.J.
(2005) Mouse model of post-infarct ventricular rupture:
Time course, strain and gender-dependency, tensile strength,
and histopathology. Cardiovasc. Res., 65(2): 469-477.

7. Omiya, S., Omori, Y., Taneike, M., Protti, A., Yamaguchi, O.,
Akira, S., Shah, A.M., Nishida, K. and Otsu, K. (2016) Toll-
like receptor 9 prevents cardiac rupture after myocardial
infarction in mice independently of inflammation. Am. J.
Physiol. Heart Circ. Physiol., 311(6): 1485-1497.

8. Rivard, A.L., Simura, K.J., Mohammed, S., Magembe, A.J.,
Pearson, H.M., Hallman, M.R., Barnett, S.J., Gatlin, D.L.,
Gallegos, R.P. and Bianco, R.W. (2006) Rat intubation and ven-
tilation for surgical research. J. Invest. Surg., 19(4): 267-274.

9. Rendell, V.R., Giamberardino, C., Li, J., Markert, M.L.
and Brennan, T.V. (2014) Complete thymectomy in adult
rats with non-invasive endotracheal intubation. J. Vis. Exp.,
94(94): €52152.

10.  Jou, .M., Tsai, Y.T., Tsai, C.L., Wu, M.H., Chang, H.Y. and
Wang, N.S. (2000) Simplified rat intubation using a new
oropharyngeal intubation wedge. J. Appl. Physiol., 89(5):

1766-1770.
11. Lindsey, M.L., Bolli, R., Canty, JM Jr, Du, X.J.,
Frangogiannis, N.G., Frantz, S., Gourdie, R.G.,

Holmes, J.W., Jones, S.P., Kloner, R.A., Lefer, D.J,,
Liao, R., Murphy, E., Ping, P., Przyklenk, K., Recchia, F.A.,
Schwartz-Longacre, L., Ripplinger, C.M., Van Eyk, J.E. and
Heusch, G. (2018) Guidelines for experimental models of
myocardial ischemia and infarction. Am. J. Physiol. Heart
Circ. Physiol., 314(4): 812-838.

12.  Wu, Y., Yin, X., Wijaya, C., Huang, M.H. and
McConnell, B.K. (2011) Acute myocardial infarction in
rats. J. Vis. Exp., 48(48): e2464.

13. Iyer, R.P, de Castro Bras, L.E., Patterson, N.L.,
Bhowmick, M., Flynn, E.R., Asher, M., Cannon, P.L.,
Deleon-Pennell, K.Y., Fields, G.B. and Lindsey, M.L.
(2016) Early matrix metalloproteinase-9 inhibition
post-myocardial infarction worsens cardiac dysfunction
by delaying inflammation resolution. J. Mol. Cell. Cardio.,
100(11): 109-117.

14. Katsanos, K., Mitsos, S., Koletsis, E., Bravou, V.,
Karnabatidis, D., Kolonitsiou, F., Diamantopoulos, A.,
Dougenis, D. and Siablis, D. (2012) Transauricular emboli-
zation of the rabbit coronary artery for experimental myocar-
dial infarction: Comparison of a minimally invasive closed-
chest model with open-chest surgery. J. Cardiothorac.
Surg., 7: 16.

15.  Srikanth, G.V.N., Prakash, P., Tripathy, N.K., Dikshit, M.

Veterinary World, EISSN: 2231-0916

1452



Available at www.veterinaryworld.org/Vol.12/September-2019/14.pdf

16.

17.

18.

and Nityanand, S. (2009) Establishment of a rat model of 19.  Yeap, X.Y., Dehn, S., Adelman, J., Lipsitz, J. and Thorp, E.B.
myocardial infarction with a high survival rate: A suitable (2013) Quantitation of acute necrosis after experimental
model for evaluation of efficacy of stem cell therapy. J. Stem myocardial infarction. Methods Mol. Biol., 1004: 115-133.
Cells Regen. Med., 5(1): 30-36. 20. Zomoff, L.A.M., Paiva, S.A.R., Minicucci, M.F. and
Pfeffer, M.A., Pfeffer, J.M., Steimberg, B.S. and Finn, P. Spadaro, J. (2009) Experimental myocardium infarction in rats:
(1985) Survival after an experimental myocardial infarc- Analysis of the model. Arq. Bras. Cardiol., 93(3): 403-408.
tion: Beneficial effects of long-term therapy with captopril. 21.  Iyer, R.P, Patterson, N.L., Zouein, F.A., Ma, Y., Dive, V.,
Circulation, 72(2): 406-412. de Castro Bras, L.E. and Lindsey, M.L. (2015) Early matrix
Xu, Z., Alloush, J., Beck, E. and Weisleder, N. (2014) A metalloproteinase-12 inhibition worsens post-myocardial
murine model of myocardial ischemia-reperfusion injury infarction cardiac dysfunction by delaying inflammation
through ligation of the left anterior descending artery. J. Vis. resolution. Int. J. Cardiol., 185(4): 198-208.
Exp., 86(86): €51329. 22.  Saeed, M., Watzinger, N., Krombach, G.A., Lund, G.K.,
Pfeffer, M.A., Pfeffer, J.M., Fishbein, M.C., Fletcher, P.J., Wendland, M.F., Chujo, M. and Higgins, C.B. (2002) Left
Spadaro, J., Kloner, R.A. and Braunwald, E. (1979) ventricular remodeling after infarction: Sequential MR
Myocardial infarct size and ventricular function in rats. imaging with oral nicorandil therapy in rat model.
Circ. Res., 44(4): 503-512. Radiology, 224(3): 830-837.

soskoskoskoskokoskok

Veterinary World, EISSN: 2231-0916

1453



