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LIG 163 Alakananda colony, #32, Shiva shakti, 4th Cross,

> Vizianagaram, Andhra Pradesh KBL Elite layout, J.P.Nagar 8th
" Email: ‘ W. Phase, Bangalore-560108,
praveen.chintu32@gmail.com Buia = Karnataka state, India.
@A Home Page Email: rkreddy_h@yahoo.co.in
(http://www.ipc.gov.in/) A Home Page
(https://www.apotex.com/in/contact-
us)

DR. PRAVIN KUMAR SHARMA
0

Acropolis Institute of
Pharmaceutical Education and

DR. FORAT YASIR ALJABERI ()
| Chemical Engineering
Department, College of
Engineering, Al-Muthanna

Research, Indore University, Samawa, Iraq

Email: Email: furatyasir@mu.edu.iq
praveensharma910@gmail.com # Home Page

@ Home Page (https://www.rjptonline.org/EditorialBoard.aspx)

(https://aiper.ac.in/)

DR. L. NANDHAKUMAR ()
Kastooribha gandhi Pharmacy

PROF. DR. RAJIV DUTTA ()
SHOBHIT UNIVERSITY,

college Namakkal, Rasipuram GANGOH

Email: Email: director.sbt@gmail.com
drndkumar12@gmail.com A Home Page

A Home Page (rdutta.50megs.com)

(https://kgpc.edu.in/kgpc/index.php)

=) AHMED ALI MHAWESH ()

Baghdad/Iraq Al-Ghadeer
Quarter Parul Institute of Pharmacy and

Email: Research, Parul University,
alshammariahmed.a.m@gmail.com Vadodara, Gujarat, India

DR JAGDISH KAKADIYA ()

Department of Pharmacology,
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A Home Page
(https://cv.nahrainuniv.edu.ig/ar/view/464)

MAJIDA HAMEED KHAZAAL ()

Kufa University

Email:

majdahamed69@yahoo.com

A Home Page
(http://staff.uokufa.edu.ig/profile.html?
majidah.alkhazaali)

DR. P. DIVARAKANADHA =
REDDY ()

Annamacharya College of <
Pharmacy, Rajampet-516126, :
Andhra Pradesh, India

Email:

dwarakanadhareddyperam@gmail.com

A Home Page
(https://scholar.google.co.in/citations?
user=0ygwmkUAAAA J&hl=en)

Email:

jagdishkakadiya@gmail.com

@ Home Page
(https://paruluniversity.ac.in/faculty/faculty-
of-pharmacy/faculty-members)

DR. SHOBHIT KUMAR ()

. Dr. Shobhit Kumar, Associate

Professor, Department of
Pharmaceutical Technology,
Meerut Institute of Engineering
and Technology (MIET), NH-58,
Delhi-Roorkee Highway,
Meerut-250005, Uttar Pradesh,
India. Tel: +91 9675598375 E-
mail: shobhitkmr87@gmail.com
shobhit.kumar@miet.ac.in
Email:
shobhit.kumar@miet.ac.in

@ Home Page
(https://www.miet.ac.in/pharmacy)

PROF. MATOLE VINOD

KALIDAS ()

Shivai Charitable trust's College

of Pharmacy, Koregaonwadi Tal.
Omerga Dist. Dharashiv
Maharashtra India

Email: matole7414@gmail.com

@ Home Page
(https://prsu.ac.in/site/facultydetails?
id=484)
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SANKARGANESH ()

3/478, Ajith nagar,
Sathankuppam, Kelambakkam-
603103, Chennai, TN

Email: bilisankar@gmail.com
A Home Page
(https://hindustanuniv.ac.in/)

MANISH KUMAR ()

SD College, Barnala-148101,
Punjab, India.

Email:
manish@sdcollegeinstitutions.org
A Home Page

ALAA HUSSEIN AL-DARRAJI ()

Irag-Misan

Email:

alaa.hussein@uomisan.edu.iq

@ Home Page
(https://www.researchgate.net/profile/Alaa-
Al-

Darraji/stats/report/weekly/2022-

06-12)

DR. DINANATH TUKARAM
GAIKWAD ()

223, Shamrao Kumbhar Nagar,
Nanapatil Nagar, Kolhapur,
Maharashtra, India

Email: gdinanath@gmail.com

(http://sdcollegeinstitutions.org/S.D.%20College/index.phfl Home Page

DR.AHMED HAMZA AL-

SHAMMARI ()

Irag-Baghdad

Email:
Ahmed.h.mezaal@alkutcollege.edu.iq
A Home Page
(https://alkutcollege.edu.ig/ahmed-
hamza/)

MAJID MOHAMMED
MAHMOOD ()

(http://copkolhapur.bharatividyapeeth.edu/)

KRISHNA PRASAD
NARAPEREDDY ()

1447 W Minerloop road, South
Jordon, UT - 84095

Email: krishna021@gmail.com
A Home Page
(https://www.reckitt.com/)

DR. SATHISH KUMAR
KONIDALA ()
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majidm.mahmood93@uomustansiriyah.edu.ir
Email:
majidmahmood93@yahoo.com

A Home Page
(https://uomustansiriyah.edu.ig/e-
learn/profile.php?id=687)

O

MOHAMED JABER ()
University Road Aljurf P.O.Box
346

Email:
mohamed.jaber@ajman.ac.ae
A Home Page
(www.ajman.ac.ae)

DR. SWAMYNATHAN G ()

Department of Biotechnology,

College of Science and % »
Humanities, SRM Institute of T
Science and Technology, India.

Email:

swamynathanganesan.in@gmail.com

A Home Page
(https://www.srmist.edu.in/department/department-
of-biotechnology-science-and-

humanities/)

BACHIR BEN SEGHIR ()

Associate Professor,
Department of Pharmaceutical
Sciences, Vignan's Foundation
for Science Technology and
Research (Deemed to be
University), Vadlamudi, Guntur,
AP, India-522213.

Email:
ksk_pharma@vignan.ac.in

@ Home Page
(https://vignan.ac.in/pharmafaculty.php)

SANKARGANESH ()

3/478, Sathankuppam,

Kelambakkam-603103, TN

Email: bilisankar@gmail.com

@ Home Page
(https://hindustanuniv.ac.in/assets/pdf/faculty/Food-
Technology-faculty.pdf)

DR ANIL KUMAR TALLAM ()

1350 Woodbourne Road, Apt-
E74, Levittown, Pennsylvania,
USA, Zip Code 19057

Email:
anilkumartallam1@gmail.com
@ Home Page
(https://kvktech.com/)
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Department of Process

Engineering, Faculty of

Technology, University of El

Oued, BP 789, EI-Oued 39000,
Algeria

Email: bbachir39@gmail.com

A Home Page
(https://profbachir.portfolial.com/#/)

MAKSOOD ALI ()

9 B, Near RK Public School,
Aurangabad, District -
Bulandshahr

Email:
drmali_pharmacy13@yahoo.com
A Home Page
(https://www.orleancollege.co.in/)

AYAN KUMAR KAR ()

Rabindra Bhavan,
D.C.Sankarara, Nimtala, Tamluk
-721636, East Medinipur, W.B.,
India

Email: ayancipt@gmail.com

SUBRAMANIYAN
VETRISELVAN ()

Assoc. Prof. Dr. Vetriselvan
Subramaniyan, Ph.D. Deputy
Dean M.Sc. and Ph.D. (by
Research) Coordinator Faculty
of Medicine, Bioscience and
Nursing MAHSA University EC
Member-Overseas, Indian
Pharmacological Society (IPS)
Email: vetricology@gmail.com
A Home Page
(https://mahsa.edu.my/)

DR. V. V. SATHIBABU
UDDANDRAO ()

Dr. V. V. Sathibabu Uddandrao,
Assistant Professor,
Department of Biochemistry,
K.S. Rangasamy College of Arts
and Science (Autonomous),
Tiruchengode-637215,
Tamilnadu, India

Email: sathibabu.u@gmail.com
@ Home Page
(https://www.ksrcas.edu/)

DR. MOUMITA HAZRA ()
Associate Professor,
Department of Pharmacology,
Shri Balaji Institute of Medical
Science, Raipur, Chhattisgarh,
India
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A Home Page
(www.urschard.com)

SHIVAM TAYAL ()

Jhansi Road, Gwalior

Email:
shivamtayal.sop@itmuniversity.ac.in
A Home Page
(https://itmuniversity.ac.in/)

OJAS PRAKASHBHAI DOSHI ()

Somerville, New Jersy, USA
Email: doshiojas96@gmail.com
A Home Page
(https://cosettepharma.com/)

DR. RAJA CHAKRAVERTY ()
5/1 Suri lane Kolkata 700014.
Email:
rchakraborty20@yahoo.com
A Home Page
(https://ipgmer.gov.in/)

\

\ V7 4

Email:

drmoumitahazra.198017thjune@gmail.com

@ Home Page

(drmoumitahazra170680.blogspot.com)

FATMA BASSYOUNI ()

National Research Centre,
Cairo, Egypt

Email: fatma.nrc.eg@gmail.com
@ Home Page
(https://www.nrc.sci.eg)

DR. TANAJI NANDGUDE ()

Sant Tukaram Nagar, Pimpri,
Pune, Maharashtra-411018
Email:
tanaji.nandgude@dypvp.edu.in
@ Home Page
(https://pharmacy.dypvp.edu.in/)

DR. TEJ BAHADUR CHANDRA
0

School of Computer Science
Engineering and Technology,
Bennett University, TechZone 2,
Greater Noida - 201310, Utter
Pradesh, India.

Email:
tejbahadur1990@gmail.com

@ Home Page

(https://www.bennett.edu.in/faculties/tej-

bahadur-chandra/)
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MAHMOUD BAHMANI ()
Biotechnology and Meicinal
Plants Research Center, llam
University of Medical Sciences,

DR AMBER VYAS ()

University Institute of
Pharmacy, Pt. Ravishankar
Shukla University, Raipur (C.G.)

>

llam, Iran 492010

Email: Email: ambervyas@gmail.com
mahmood.bahmani@gmail.com A Home Page

A Home Page (https://prsu.ac.in/site/facultydetails?
(https://pbp.medilam.ac.ir/persons.php? id=486)

ppup=1&slc_lang=en&sid=1&prsn_id=118)

DR. A.PURUSHOTHAMAN ()

PERI College of Arts and
Science (Affiliated to University
of Madras) PERI Knowledge

Park, Mannivakkam Chennai- @ Home Page
48, Tamil Nadu, India (https://www.ub.bw/connect/staff/11569)

DR ELIZABETH MARY
MATHEW ()

Plot 23211, Phase 4, Gaborone
Email: mathewe@ub.ac.bw

Email: principalarts@peri.ac.in
@A Home Page
(http://peri.education/pca/index.php)

DR. RAKHI MISHRA () - DR J ADLIN JINO NESALIN ()
Noida Institute of Engineering A:; } T John College of Pharmacy,

and Technology Pharmacy v Gottigere, Bangalore.

Institute, Knowledge Park 2,, I Email: adlinjino@gmail.com

Plot 19, Greater Noida 201306 @A Home Page

Email: (https://www.tjohncollege.com/)
rakhimishra.pharmacy@niet.co.in

A Home Page

(https://nietpharmacy.co.in/)
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PRABHU MANICKAM
NATARAJAN ()

Ajman University, UAE

Email: p.natarajan@ajman.ac.ae
A Home Page

DR. D. NAGASAMY
VENKATESH ()

Department of Pharmaceutics,
JSS College of Pharmacy, Ooty-
643001. The Nilgiris. Tamil

(https://www.ajman.ac.ae/en/dentistry/directory/staff/prabladu

manickam-natarajan)

DR. D. NAGASAMY

VENKATESH ()

JSS College of Pharmacy, Ooty-
643001. Tamil Nadu

Email:
nagasamyvenkatesh@rediffmail.com
A Home Page
(https://www.jssuni.edu.in/jssaher/college-
of-pharmacy-

ooty/deptartment-
pharmaceutics-faculty-

profile.html)

MD SARFARAZ ALAM ()

3. HIMT College of Pharmacy,
Plot. No: 8, Knowledge Park I,
Greater Noida, U.P - 201 310.

Email:

nagasamyvenkatesh@jssuni.edu.in

@ Home Page
(https://www.jssuni.edu.in/jssaher/college-
of-pharmacy-

ooty/deptartment-

pharmaceutics-faculty-

profile.html)

DR. AR MAHESH ()

Dr. AR Mahesh, Assistant
Professor, Faculty of Pharmacy,
MS Ramaiah University of
Applied Sciences, M.S.R Nagar,
M.S.R.IT Post, Bengaluru-
560054

Email:
mahesh.py.ph@msruas.ac.in

@ Home Page
(https://www.msruas.ac.in/people/dr-
ar-mahesh)

DR. RAMANAIAH MALLA ()

Associate Professor of
Chemistry, Department of Basic
sciences and Humanities,
Aditya Institute of Technology
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[N

Email:
sarfarazpharma1981@gmail.com
A Home Page
(https://hcp.ac.in/)

DR DHRUBO JYOTI SEN ()

School of Pharmacy, Techno

India University, Salt Lake,

Sector-V, EM—4, Kolkata—

700091, West Bengal, India.

Email:
dhrubojyoti.s@technoindiaeducation.com
A Home Page
(https://www.technoindiauniversity.ac.in/)

DR. KAZI ASRAF ALI ()

Department of Pharmaceutical
Technology, Maulana Abul
Kalam Azad University of
Technology, NH-12, Simhat,
Haringhata, Nadia, West
Bengal-741249, India

Email: kaziasraf.ali@gmail.com
A Home Page
(https://makautwb.ac.in/)

and Management, Tekkali-

532201, Srikakulam, Andhra

Pradesh, India E-Mail:
ramanaiahmalla4@gmail.com

Mobile NO: +91-9704571003

Email:

ramanaiahmalla4@gmail.com

@ Home Page
(https://vidwan.inflibnet.ac.in/profile/236754,
https://www.scopus.com/authid/detail.uri?
authorld=56632403500)

PRIYADHARSHINI ARJUNAN ()
Department of Oral medicine
and radiology, Faculty of
Dentistry, AIMST University
Email: apriya.omdr@gmail.com
@ Home Page
(https://aimst.edu.my/)

DR PRASHANT L. PINGALE ()

GES's Sir Dr. M. S. Gosavi
College of Pharmaceutical
Education and Research, Nashik
Email:
prashantlpingale@gmail.com

A Home Page
(https://msgpharma.org/)
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VEDULA GIRIJA SASTRY ()
Professor, A.U. College of
Pharmaceutical Sciences. 101,
Narasimha gardens, Plot #18, D.

PRASHANT PANDEY ()

2-065, Katz Group Centre,
University of Alberta 11361 -
87 Ave NW Edmonton, AB, T6G

No: 8-4-40/2, Prasanthi Nagar 2E1, Canada

Pedawaltair, Visakhapatnam- Email: ppandey4@ualberta.ca

530017. @ Home Page

Email: (https://www.ualberta.ca/pharmacy/index.html)
vgirijasastry@yahoo.co.in

A Home Page

(https://vidwan.inflibnet.ac.in/profile/232955)

SMRITI SHARMA () AYMAN M. AL-QAANEH ()

Amity Institute of Pharmacy, Jordan
Amity University, Noida Email: algunneh@yahoo.com
Email: ssharma39@amity.edu @A Home Page
A Home Page (https://www.bau.edu.jo/bauar/Colleges/Nursing/Home.aspx)
(https://amity.edu/faculty-list-
new.aspx?
fname=ALL&Instituteld=106)

Q MUAAZ ALAJLANI () DR. R.P. PRAVEEN POLE ()

' altal, Damascus 011 Syria Assistant Professor

" Email: Department of Zoology

muaaz.alajlani.foph@aspu.edu.sy Nesamony Memorial Christian
A Home Page College Marthandam-629165,
(https://www.aspu.edu.sy/site/english/index.php? India.

node=5858&cat=90416&wid=2142&First=0&Last=160&EmaientPage=0&day=&month=&lang=2&nt=&Type=&Part=&NType=&NArchive=&src=search&Keywords=Sit
praveenpole83@gmail.com
@ Home Page
(https://www.nmcc.ac.in/Default.aspx)
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DR. A.DOSS ()

| Palayamkottai main road
Thoothukudi, TamilNadu, India
Email: androdoss@gmail.com
A Home Page (V. O.
Chidambaram College)

DR N RAGHAVENDRA NAVEEN

0

Sri Adichunchanagiri College of
Pharmacy, Adichunchanagiri
University, Mandya, Karnataka
Email: nrn@accp.co.in

A Home Page
(https://scholar.google.com/citations?
user=T_CIO-
IAAAAJ&hI=en&authuser=1)

DR. GUNJEGAONKAR
SHIVSHAKAR M. ()

ASPM's K. T. Patil College of
Pharmacy Osmanabad:413501
Maharashtra, India.

Email: gunjeshiv@gmail.com

A Home Page
(https://www.ktpatilpharmacy.org/)

SAROJA KUMAR PATRO ()

Associate Professor & Head,
Department of Pharmaceutical
Analysis Institute of Pharmacy
& Technology, Salipur, Cuttack,
Odisha

Email: skpatro69@gmail.com
A Home Page
(https://www.iptsalipur.org)

KOUSHIK YETUKURI ()

H.No: 3-52/A, Chinakakani
Post, Mangalagiri (MD), Guntur
(DT), 522503, Andhra Pradesh.
India.

Email:
yetukurikoushik@gmail.com

A Home Page
(https://orcid.org/my-orcid?
orcid=0000-0003-2530-584X)

DR KUNTAL DAS ()

Department of Pharmacognosy
and Phytochemistry Mallige
College of Pharmacy #71,
Silvepura, Chikkabanavara Post,
Bangalore-90. INDIA.

Email: drkuntal@mcp.ac.in

A Home Page
(https://www.mallige.ac.in/)
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DR. M.R . JAYAPAL ()
SENIOR SCIENTIST
DEPARTMENT OF
CHEMISTRY AND MATERIAL
SCIENCE ENGINEERING
YITS,CHINA

Email:
mrjayapal007@gmail.com

A Home Page

(https://www.iomcworld.org/editor/mrjayapal-

16406)

DR. ASHOK A. HAJARE ()

Dr. Ashok A. Hajare Principal &
Professor Bharati Vidyapeeth
College of Pharmacy Palus, Dist.
Sangli (M.S.), India 416310

Email:
ashok.hajare@bharatividyapeeth.edu
A Home Page ()

BEHZAD FOROUTAN ()
Department of Pharmacology
School of Medicine Shahroud
University of Medical Sciences
Shahroud, IRAN

Email:
behzad_foroutan@hotmail.com
A Home Page ()

DR. DEBARSHI KAR
MAHAPATRA ()

Associate Professor, Chitkara
College of Pharmacy, Chitkara
University, Rajpura 140401,
Punjab, India

Email: dkmbsp@gmail.com

A Home Page ()

DR. RUPESH K. GAUTAM ()

Professor, Centre for
Pharmacology Amity Institute
of Pharmacy Amity University
Uttar Pradesh Noida-201303,
India

Email:
drrupeshgautam@gmail.com
A Home Page ()

DR. AMIT ROY ()

Principal, Columbia Institute of
Pharmacy, Raipur CG India
Email: wakratund@gmail.com
A Home Page ()
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P. PARTHIBAN ()

Centre for R&D, PRIST
University, Thanjavur-613403,
India

Email: parthisivam@yahoo.co.in
A Home Page ()

DR. P. KUMARAVEL ()

Assistant Professor,
Department of Biotechnology,
Vysya College,
Masinaickenpatty, Salem-
636103. Tamil Nadu, India.
Email:
kumaravelbiotech@gmail.com
A Home Page ()

DR. AJAY V. PATHAK ()
House No.33 Ravindra nagar
Nagpur-440022 Maharashtra,
INDIA

Email: a.pathak4@gmail.com
A Home Page ()

DR. PRATIBHA VYAS ()

Department of Microbiology,
College of Basic Sciences and
Humanities, Punjab Agricultural

PROF. D. K. TRIPATHI ()
Principal, Rungta Institute of
Pharmaceutical Sci. and
Research, Bhilai CG India
Email: editor.rjpt@gmail.com
A Home Page ()

DR GIRISH PAI K ()

Faculty - Dept of Pharmaceutics
Manipal college of
pharmaceutical sciences
Manipal University, Madhav
Nagar Manipal - 576104,
Karnataka State, India

Email: girish.pai@manipal.edu
A Home Page ()

AYUSH DOGRA ()

department of electronics and
communications, panjab
university chandigarh

Email:
ayush123456789@gmail.com
#A Home Page ()

IHSAN HABIB DAKHIL ()
Engineering College, Al-
Muthanna University, Irag
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University, Ludhiana-141004,
Punjab, India.

Email:
pratibha.19064@lpu.co.in

A Home Page ()

DR.JAYASSHREE SEN ()

JN.M.C.&AV.B.R.H.,.SawangiWardha,Mah:

442007

Email:
jayashree_sen@rediffmail.com
A Home Page ()

RIM M. HARFOUCH ()
Al Andalus university, Qadmus,
' Tartous, Syria

Email: rimharfouch@au.edu.sy
A Home Page ()

REVIEWERS

DR. SUBHASHIS DEBNATH ()
Seven Hills College of Pharmacy
Venkatramapuram, Tirupati-
517561

Email:
subhashis.ooty@gmail.com

A Home Page ()

Email:
ihsanelshahiri@yahoo.com

A Home Page ()

IMAD ()

University of Babylon

Email: imad_dna@yahoo.com
A Home Page ()

MOHAMMAD JAWAD AL-
JASSANI ()

Department of Microbiology,
College of Science, Al-Karkh
University of Science, Iraq.
Email: pcr2000@yahoo.com
A Home Page ()

GAURAYV KUMAR ()
Department of Microbiology
School of Bioengineering and
Biosciences Lovely Professional
University Phagwara, 144411,
Punjab, India

Email: gau_ravkr@yahoo.com
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RUCHI VERMA ()

manipal college of
pharmaceutical sciences,
manipal university, karnataka,
India.

Email:
ruchiverma@manipal.edu

A Home Page ()

K SUJANA ()

university college of
pharmaceutical sciences
Acharya Nagarjuna university
Email: sujana_36@yahoo.co.in
A Home Page ()

DR VAMSHI KRISHNA
TIPPAVAJHALA ()

Assistant Professor-Senior
Scale Department of
Pharmaceutics Manipal College
of Pharmaceutical Sciences
Manipal University Manipal,
Karnataka, India

Email: krissrcm@gmail.com

A Home Page ()

=

A Home Page ()

DR. KETAN VINODLAL SHAH ()
201, Rudrax Appartment,
Guruprasad Society, Nehind
Telephone exchange,
Krishnanagar Main road, Rajkot
Email:
ketan421981@gmail.com

A Home Page ()

DR.P.BRINDHA DEVI ()

Vels University, Velan Nagar, PV
Vaithiyalingam Road,
Pallavaram

Email: pbrindhadevi@gmail.com
A Home Page ()

ZAIN BAAITY ()

Syria, Latakia

Email: zein_syria@hotmail.com
A Home Page ()
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DR. V. VADIVEL ()

PG & Research Department of
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Tamil Nadu, India

Email: drvvadivel@gmail.com
A Home Page ()
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Email: amp6389@gmail.com
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SNIGDHO DAS ()

Flat No.6,Ira Appartments-
2,Jadunath Ukil Road, Kudghat
Email: snigdho1991@gmail.com
A Home Page ()

NAZIYA IQBAL KHAN ()

38 Sahyadri nagar Isbavi
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Email: naziya.aara@gmail.com

A Home Page
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DR SUDARSAN BISWAL ()

O/o the Asst. Drugs Controller,
Bhubaneswar Cirle ll,
Bhubaneswar, Khordha, Odisha,
India

Email: drsbiswaldi@gmail.com
A Home Page ()

DR GYANENDRA KUMAR
SHARMA ()

Anand College of Pharmacy,
Agra

Email:
gyanendrasharma.acp@sgei.org
A Home Page
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dr-gyanendra-kumar-sharma/)

DR. ARUNACHALAM
MUTHURAMAN ()
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Faculty of Pharmacy, AIMST
University, Semeling, 08100
Bedong, Kedah Darul Aman,
Malaysia. E-mail:
arunachalammu@gmail.com
Phone No: +60-1136293386
(Malaysia); +91-9988040886
(India) Malaysia Office: +60-
44298000 (Extn: 1281/ 1284);
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arunachalammu@gmail.com

A Home Page
(https://www.aimst.edu.my/staff_/dr-
arunachalam-muthuraman-2/)

MUKUL SHARMA ()

Faculty of Pharmacy, Medi-
' Caps University, Indore
Email:
mukul.sharma@medicaps.ac.in
A Home Page
(https://www.medicaps.ac.in/index.php?
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PRASHANT PANDEY ()

Department of Pharmaceutical
Sciences, Babasaheb Bhimrao
Ambedkar University, Lucknow
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mrpandeyprashant@gmail.com
A Home Page
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PROF. DR. NAGHAM

MAHMOOD ALJAM ()

Professor, Department of
Chemistry, Synthetic Field,

Irag.
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PATHAN HUJEB AFSAR KHAN
0

Shreeyash Institute of
Pharmaceutical Education and
Research Aurangabad,
Maharashtra, India.

Email: pathanhujeb@gmail.com
A Home Page
(https://www.syppharmacy.org/)
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DR. SHIKHA MAHESHWARI ()
Pushpanijali Enclave Pitampura

Delhi

Email:
shikhamaheshwarimohta@gmail.com
A Home Page
(https://staff.cuchd.in/StaffHome.aspx)

PRASHANT PANDEY ()

~ Department of Pharmaceutical

Sciences, Babasaheb Bhimrao
Ambedkar University (A Central
University), Lucknow, Uttar
Pradesh, India

Email:
drpandeyprashant@outlook.com

A Home Page
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Histometric Analgris to Perform Purkinje cell Abnormalities in Rats Due
to Low doses of Kretek Smoke Exposure
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ABSTRACT:

Facts show that many Indonesians are smokers. Some of these smokers are kretek smokers. Kretek is made from
amixture bacco, cloves, and sauce. Kretek smoke is toxic, and affects the cerebellum, especially Purkinje
cells. Aim of this study was to detennle the effects of kretek smoke on the Purkinje cells of rats. CG (control
group) were rats that breathed using normal air (not exposed to kretek smoke). TG (treatment group) were rats
that were exposed to smoke of kretek 1 stick/day for 1 month (30 days). Observations were made on the
morphology of the rat brain and histology on the cerebellum. Qualitative and quantitative observations were
madeon Purkinje cells (area, perimeter, length, and width). The nicotine content in the kretek cigarettes used in this
study was 3.88+0.05ng/g. Exposure to kretek smoke of | stick/day for | month in rats demonstrated that the
brain didnot experience changes in shape, but Purkinje cells in the cerebellum became abnormal in both shape
and size. Purkinje cells area of rats in CG was higher than TG (p = 0.000). Purkinje cells perimeter of rats in CG
was higher than TG (p = 0.000). Purkinje cells length of rats in CG was higher than TG (p = 0.000). Purkinje cells
width of rats in CG was higher than TG (p = 0.000). Exposure to kretek smoke of 1 stick/day for 1 month did not
change the morphology of the rat brain, but reduced the size of Purkinje cell bodies, and changed the shape from
round to tapered as a sign of cell degeneration.

KEYWORDS: Kretek, Low-Dose Kretek Smoke, Nicotine, Cerebellum, Purkinje.

INTRODUCTION:
Indonesia is a group of mum:s whose population is a
smoker in large numbers.! Ba: the results of the

Basic Health Research survey of the Ministry of Health
of the Republic of Indonesia in 1918, it shows that 34%
of the Indonesian population aged 15+ years are

ReceivedonBO,lO@ Revised on 10.02 2025 smokers.” Most smokers in Indonesia, namely 73%,
Accepted on 21.04.2025  Published on 01.10.2025 smoke kretek.® The characteristic of kretek is that its
Available online from October (4, 2025 composition consists of tobacco, cloves, and sauces.*
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Cigarette smoke is a toxic mixture. It is known th§Ehore
than 7000 chemicals are contained in cigarette smoke,
more than 4500 as a toxin, and 70 of them are known to
be carcinogenic. Nevertheless, there is no doubt that
tobacco has been used as an addictive stimulant for
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people around the world® Moreover, it has been
demonstrated that 24 types of kretek cigarettes contained
2.8-33.8mg/stick of eugenol. Fourteen types of 24 types
of kretek cigarettes contain 2.8-12.9mg/stick of menthol,
5 of 9 cigarettes contain 3.6-10.8mg/stick.® In addition,
that tobacco as the main component of kretek contains
nicotine. Nicotine that enters the body when smoking
will spread quickly to the brain. Previous studies have
shown that nicotine is absorbed systemically after
smoking.” Apart from that, the substances contained in
cigarette smoke cause addiction.® In this regard, it is
stated that the content of this substance influences the
development of nerve structures.” Smoking also causes
motor damage to the brain.”

Our previous study which shown that smoke of filtered
kretek decreased the size of bronchioles, but increased
the size of respiratory bronchioles. It was further
demonstrated that filtered kretek smoke also affected to
overexpression of the p53 gene." Moreover, also
demonstrated that components of tobacco smoke impact
gene expression in E. coli."" Therefore, it is necessary to
further investigate the relationship between gene
expression manifestations (due to exposure to cigarette
smoke) and target cells.

Parts of the brain include the cerebellum.
Phylogenetically, the cerebellum is classified into 3
parts, namely paleocerebellum, neocerebellum, and
archicerebellum. Based on its anatomical location, the
cerebellum isdivided as follows: the anterior lobe of the
cerebellum, namely the paleocerebellum, the posterior
lobe, namely theneocerebellum, and the vestibule of the
cercbellum  or flocculonodular lobe, namely the
archicerebellum. The cerebellum is responsible for
motor control. Purkinje cells line up in rows called the
Purkinje cell layer. Purkinje cell bodies have unique
dendritic branches.'? The cerebellum can be used as a
model for studying the central nervous system. The
choice of the cerebellum as a learning model is based on
its precise development, so that it can be used as a
model for identifying disorders of the central nervous
system. "

The research results show that in society many people
smoke at low doses.'*'* Because that, we focusedon the
effects at low doses of kretek smoke on the rat brain.
The effects observed in this study were histological of
cells abnormalities in the cercbellum. This focus is a
continuation of our previous research.'®!”

Although Purkinje cell density has been proven
histometrically, it is necessary to know the smoke effect
of kretek on brain cell histometrics.'"® So, the purpose of
this research is to determine the effect of kretek smoke on
changes in ‘rat Purkinje cells”. Changes in "rat Purkinje

cells" both qualitatively and quantitatively can be used
as a guideline in a more objective diagnosis of brain
tissue disorders.

MATERIAL AND METHODS:

Kretek:

The kretek used in this research were made manually
with a composition of tobacco, cloves, and sauce is
called as “woor”. Tobacco, cloves, and sauce were
purchased at the market in the Special Region of
Yogyakarta, Indonesia.

Measurement of nicotine levels:

Measurement of nicotine levels in kretek used the
CAMAG Linomat 5 "Linomat5 220727" S/N 220727
(1.00.13)instrument. The test method used is Thin Layer
Chromatography (TLC) Densitometry. The weight of
the sample (kretek) used was 500 mg. Nicotine
standards were dissolved in ethanol. Nicotine spot
density is read at a wavelength of 265 nm. The
retardation factor (Rf) value in measuring nicotine levels
is 0.64, with a standard of 1010 ug/mL. The formula
used to calculate nicotine levels is as follows:

[ &

LoD in cunpte - om

Screening GC MS:

The GC-MS tool used to measure the substance content
in kretek requires first calibrating the tool. The sample
(kretek) was added with 1.5 mL of ethanol in a
microtube, then vortexed until homogeneous. Next, the
solution was centrifuged at 9500 rpm for 5 minutes. The
supernatant is putinto a gas chromatography vial, then
injected into the gas chromatography column. Column
used HP-5ms Ultra Inert Columns.

Ethical clearance:
We obtained  the ethical  clearance  No.
058/KER/FK/IU2024 from the Research Ethics
Commission, Faculty of Medicine, Universitas Trisakti,
Jakarta, Indonesia.

Animal:

The experimental animals used were the Sprague-
Dawley rats. The number of rats is16, male gender, age:
2 — 3 months, body weight 150 to 200grams, in good
health as declared by a veterinarian. During the study,
rats were placed in cages individually. Rat cages were
placed in an animal treatment room. The room
temperature used for these experimental was 24 - 28°C,
with a room humidity of 50-60%. The room lightingused
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was artificial fluorescence with a light and dark cycle of
12:12 hours. The rats were given food and drink
sufficiently (at libitum), based to standards.

Sample size calculated with the minimum sample size
formula, namely N = 10: (2 — 1) + 1 = 5 rats, while the
maximum sample size was N =20:(2 — 1) + 1=10 rats.'®
Researchers used 8 rats for each treatment group. Rats
were sacrificed after the experiment was completed.
Brain organs were taken to make slide preparations.

Treatment:

Acclimatization for 1 week was carried out on all rats
included in the study. During acclimatization, rat was in
individual cages placed in the animal treatment room.
The rats were given food and drink at libitum, according
to standards. During acclimatizate, rats were not
treated. After acclimatization, the rats were randomly
grouped into 2 groups, each group consisting of 8 rats.
Control group in these studies is CG. CG is rats breathe
normal air, not exposed to smoke of kretek. Treatment
group in this study 1s TG, the rats were given treatment,
namely exposure to smoke of kretek, with a dose of 1
cigarette/day. The duration of exposure to smoke of
kretek on both groups (CG and TG) was | month (30
days).

The size of the glass box for treatment is 45 cm long, 35
cm wide and 20cm high (31,500 em?). The glassbox as a
place for cigarette smoke exposure is equipped with a
?}E connected to an electric pump. After the kretek is

urned, and the electric pump is turned on, the smoke of
kretek enters the glass box, then is inhaled by the
experimental rats.

Treatment in TG for 10 minutes, every morning for 1
month (30 days). After being n@d, the rats were
anesthetized to death. We used ketamine (100mglkg
body weight), and xylazine (10mg/kg body weight)
intraperitoneally. Animals that had been sacrificed by
euthanasia, then their brains were taken, and stored n
bottles containing 10% neutral buffered formalin (NBF)
solution. The next step is that the brains are used to
make histological preparations.

Researchifffhgram:

Research diagram is presented in Figure 1.

Nanc of simal species R maregions
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weight 1300200 grams, hesishy with cetified
by Veteriearian, ot |6 bess

St

Rasdomise |

Groap 2
§ heads, hreushing with normal air, ¥ heads, breashing with sormal an.
s ol expred by krctek snuke annd exposed by belek simoke
I Treutment persode: 30 days

!

Asalysis

Growp |

Figure 1. Research flow diagram

Hematoxylin and eosin staining:

NBF 10% i1s used to fix the brain tissue. Next, the brain
tissue was made into slides with hematoxylin and eosin
staining as done in previous studies.'® !

Qualitative observed of Purkinje cells:

Cerebellum  slide images were documented using
Optilab Advance Plus. Analysis of the slide images used
ImageRast. Optilab Advance Plus, and Image Raster
3 devices (https://miconos.ac.id/new/support/download).
Observation of Purkinje cell abnormalities was shown if
abnormalities in cell shape were found. The shape of
Purkinje cells between the control group and the
treatment group was compared qualitatively.

Quantitative measurement of Purkinje cells:

Cerebellum image documentation has been carried out
with Optilab Advance Plus. Quantitative measurement
nmm'kinje cells was carried out with Image Raster 3
(https://miconos.ac.id/new/support/download).

Cytometry parameters of Purkinje cells are area,
perimeter, length, and width. Three researchers were
involved inthe measurement of Fminje cell cytometry.
Measurement data are displayed as mean and standard
deviation (SD). Independent sample t test was used to
compare differerm in Purkinje cell cytometry between
groups. We used p<0.05 for differences between groups.

RESULTS:

Nicotine levels:

Chromatogram  obtained using <win CATS Planar
Chromatography Manager= and the standard curve used
to measure nicotine levels of kretek are presented in
Figure 2.
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Table 1. Nicotine levels in kretek cigarette
NS | R SW SSV AFS Freq NDS A NIS NIDS Avr
(g) (pL) mL (pg) (pg) (ug/g) (ng/g)
1 1 0.5048 235 5 1 2524 5916.1 0.99 3.92 3.92
2 0.5048 23 5 1 2524 5916.1 0.99 3.92
2 1 0.5022 235 5 1 251.1 5840.5 0.975 3.88 3.84
2 0.5022 23 5 1 251.1 57249 0.951 379
3 1 0.5034 235 5 1 2516 5752.6 0.957 3.80 3.80
2 0.5034 235 5 1 251.8 5759.3 0.958 3.81
4 1 0.5029 23 5 1 2512 5838.4 0.974 3.88 388
2 0.5029 23 5 1 2512 58525 0.977 3.89
5 1 0.5041 235 s 1 251.9 5798.4 0.966 3.84 391
2 0.5041 25 5 1 251.9 5976.3 1.002 3.98
6 1 0.5046 23 5 1 2522 5921.2 0.991 3.93 393
0.5046 25 5 1 2522 5928.3 0.993 3.94

2
Avr+ 8D 388+005

Abbreviations: NS = Number of Sample, R = Replicants, SW = Sample weight, S8V = Sample spotting volume, AFS = Add final sample, F =

Frequf
gram,
The nicotine content in kretek used in this study was 3.88 + 0.05 pg/g.

NDS = Number of deep spots, A = area, NIS =n

Vi

L

0

s of
wnple

T LT T T U T x
Nicutln (ug)
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Figure 2. Chromatogram, and Standard curve for nicotine levels.
A, 3D chromatogram obtained using winCATS  Planar
Chromatography Manager. B = Standard curve for nicotine levels.

Nicotine levels in kretek cigarettes are presented in
Table 1.

Content of substances in kretek:

Based on the GC-MS chromatogram, there are 99
substances measured in kretek (all types of substances
are not shown in this paper). Substances contained in

kretek  with  high amounts including ethyl-

ne in the sample, NIDS = Nicotine levels in dry samples, Avr = average, g =
micro liter, mL = milli liter, pg = micro gram, pg/g = micro gram per gram, SD = standard of deviation.

diisopropylacetamide (C10H21NO), Pyridine, 2-(1-
methyl-2-pyrrolidinyl)- (C1oH14N2), 3-Allyl-6-
methoxyphenol (C10H1202), Caryophyllene (C15H24),
10-Octadecenoic acid, methyl ester (C19H3602), 1-
Heptatriacotanol (C37H760).

Brain morphology and histological structure of the
cerebellum of Sprague Dawley rats:

Brain morphology and histological structure of the
cerebellum of rats is presented in Figure 3.

C.

Figure 3. Brain morphology and histological structure of the
cerebellum of rats.

A, Sprague Dawley rats9 brain, Cercbellum preparations
were made in cross sections indicated by red arrows. B.
Histology of the cerebel- lum of Sprague Dawley rats,
hematoxylin and eosin staining, objective 10 x. ob =
olfactory bulb, rce = right cerebral cortex, lec = left
cerebral cortex, cb = cerebellum, mobs = medulla
oblongata of brain stem, pm = pia matter, ml =
molecular layer, cgm = cortex of grey matter, gl =
granular cell layer, mwm = medulla of white matter. C.
Purkinje cells at the edge of the granular cell layer (green
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yellow arrow), hematox§Fh and eosin staining, objective
10 x. D. Cell Purkinje (yellow arrow), hematoxylin and
eosin staining, objective 40 x.

The brain morphology of Ratslooks at the olfactory bulb
(ob), left and right cerebral cortex (lec and rec),
cerebellum (cb), and medulla oblongata of brain stem
(mobs). The histological structure of the cerebellum
appears in the pia matter (pm), molecular layer (ml),
cortex of grey matter (cgm), granular cell layer (gl),
medullaof white matter (mwm), Purkinje cells at the edge
of the granular cell layer (green yellow arrow). The
morphology of the rat’s brain between CG was no
different compared to TG. Morphologically, the part of
the rat’s brainbetween CG was no different compared to
TG. All rat brains in this study had the same parts,
including ob, lec, ree, cb, and mobs.

Qualitative comparison of the cerebellum between
treatment groups

Purkinje cells are located at the edge of the granular cell
layer of the rat cerebellum in both groups (CG and TG).
The appearance of Purkinje cells in CG appears round,
while in TG they appear smaller and tapered. Based on
this appearance, Purkinje cells in CG appear to have a
normal histological structure, while Purkinje cells in TG
appear abnormal. A comparison of the appearance of
Purkinje cells in rats between groups is presented in
Figure 4.

B.

Figure 4. Comparison of the appearance of the Purkinje cells of
rats between CG compared to TG. A. Purkinje_cell CG. B.
Purkinje cells in TG. Purkinje cells in CG (A) and B) stained with
hematoxylin and eosin, and ghjective 40 x. CG, rats breathe using
ordinary air without exposure| moke of kretek. TG, the group of rats
exposed to smoke of kretek 1 stick/day for 1 month (30 days) of
treatment. Purkinje cells are indicated by green yellow arrows.

Purkinje cell cytometry:

A cytometry comparison (arca, perimeter, length, and
width) of the Purkinje cells of rats between (G compared
to TG are presented in Figure 5.

P

G. mat
Figure 5. Cytometry comparison of Purkinje cells in rats

A. Area and perimeter of Purkinje cells in CG. B. Area
and perimeter of Purkinje cells in TG. C. Length and
width B Purkinje cells in CG (control). D. Length and
width of Purkinje cells in TG. Purkinje cells in rats were
stained with hematoxylin and eosin, 40x objective. E.
Arca comparison of Purkinje cells between CG
compared to TG. F. Perimeter comparison of Purkinje
cells between CG compared with TG. G. Length
comparison of Purkinje cells between CG compared with
TG. H. Width comparison of Purkinjclls between CG
compared with TG. CG (control), rats breathe using
ordinary air without exposure to kretek smoke. TG, the
rat’s group that exposed to kretek smoke 1 stick/day for 1
month (30 days) of treatment. Purkinje cellsare indicated
by green yellow arrows.

Mean value of Purkinje cells area of rats in CG is 573.73
um?, with SD 22.78 wm’, number of samples 48, with
95% lower and upper of confidence interval (CI) 567.30
and 579.93 um?, respectively. Mean value of Purkinje
cells area of rats in TG is 296.97 um?; with SD 16.44
wm?; number of samples 48, with 95% ]cma and upper
of CI 292.46 and 301.79 pm?, respectively. Levene's test
for equality of variancef@pf Purkinje cells arca with F
value 4.704; p = 0.033; p value of t-test for equality of
means 0.000; with t = 68.26; df = 85.51. Purkinje cells
area of rats in CG was higher than TG (p = 0.000).
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Mean value of Purkinje cells perimeter of rats in CG is
89.35 pm, with SD 4.79 pm, number of samples 48, with
95% lower and upper of CI 87.98 and 90.63 pm,
respectively. Mean value of Purkinje cells perimeter of
rats in TG is 68.99 pm; with SD 3.73 pm; number of
samples 48, with 95% 10\@‘ and upper of CI 67.93 and
70.02 pm, respectively. Levene's test for equality of
varmccs of Purkinje cells area with F value 2.70; p =
0.104; p value of t-test for equality of means 0.000, with
t=23.24; df = 94. Purkinje cells perimeter of rats in CG
was higher than TG (p = 0.000).

Mean value of Purkinje cells length of rats in CG is
30.33 pm, with SD 3.25 pm, number of samples 48, with
95% lower and upper of CI 29.43 and 31.23 pm,
respectively. Mean value of Purkinje cells length of rats
i TG is 22.01 pm, with SD 2.65 pm, number of
samples 48, 95% [Fver and upper of CI 21.27 and 22.79
um, respectively. Levene's test for equality of varianca
of Purkinje cells area with Fvalue 3.79; p = 0.054, p
value of t-test for equality of means 0.000, with t =
13.75; df = 94. Purkinje cells length of rats in CG was
higher than TG (p = 0.000).

Mean value of Purkinje cells width of rats in CG is
26.49 um, with SD 3.37 pm, number of samples 48, with
95% lower and upper of CI 25.56 and 27.38 pm,
respectively. Mean value of Purkinje cells width of rats
in TG is 13.75 pm, with 8D 2.78 pm, number of
samples 48, with 95% lu\a‘ and upper of CI 12.95 and
14.56 um, respectively. Levene's test for equality of
varian@&h of Purkinje cells width withF value 1.033,p =
0.312, p value of t-test for equality of means 0.000, with t
= 20.21, df = 94. Purkinje cells widthof rats in CG was
higher than TG (p = 0.000).

DISCUSSION:

The nicotine content in kretek used in this study was
3.88 + 0.05 pg/g. It has been shown that tobacco use is
associated with nicotine dependence.'” It has been
proven that nicotine causes addiction in users.™ The
consequence of a smoker is that the nicotine levels in the
body increase. Although there are other alternatives in
the form of electronic cigarettes which are intended to
reduce nicotine levels. 2222 However, it is important to
note that e-cigarettes can also use nicotine as a
vaporizable substance.”* Reducing nicotine levels in
kretek needs to be done because it has the potential to
provide benefits to public health.*** " Despite the
occurrence of hyperexcitability reactions,” smoking
cessation is better for maintaining better health.
Therefore, nicotinereplacement therapy (NRT) is needed
to replace nicotine from cigarettes used by smokers.?” It
has been clearly stated that cigarettes cause health
problems not only in the respiratory tract but also in
body organs up to the molecular level, for example in

antioxidant enzymes.’® Regarding the substance content
in kretek, in this study, we did not measure eugenol
levels. The results of other studies demonstrate that the
eugenol levels in kretek range from 2.8-33.8 mg/stick.®

There are several substances in kretek that are contained
in high amounts, including Pyridine, Caryophyllene
(C15H24), methyl ester (C19H3602), and 1-
Heptatriacotanol (C37H760). Apart from that, there
are also molecules of ethyl-diisopropylacetamide
(C10H21NO), 3-Allyl-6-methoxyphenol (C10H1202),
2-(1-methyl-2- pyrrolidinyl)- (C10H14N2), and 10-
Octadecenoic acid. Although we did not check eugenol
levels, the kretek used in this study contained
caryophyllene. We know that caryophyllene is an
essential herbal oil, including clove oil. Caryophyllene
has been proven to be anti-inflammatory by inhibiting
inflammatory mediators, for example inducible
Interleukin 1 beta (IL-1pB) and nitric oxide synthase
(iNOS).*" * Pyridine and its derivatives are heterocyclic
compounds with low molecular weight. Even though our
research results show high levels in cigarette smoke,
pyridine is used as an anti-oxidant and anti-bacterial.
Apart from that, pyridine is also used to treat various
diseases, for example cardiovascular disease, anti-cancer,
and anti-coagulant.” Based on the results of previous
studies, we suggest that further research be conducted on
the relationship between the content of substances in
kretek and macrophage recruitment as an inflammatory
response due to exposure to cigarette smoke.

Fatty acid methyl esters (FAME) occur through the
transesterification process of fat with methanol. FAME
is found for example in biodiesel, usually obtained from
vegetable oils through transesterification. Apart from
that, FAME is also used to produce detergents and
biodiesel.** Although it has been demonstrated that there
is a correlation between fatty acid metabolic pathways
and acute lung injury.*® Because the high fatty acid
contentin kretek is a source of exposure to lung organs,
in the future research needs to be focused on the fatty
acid aspect of lung injury, as well as other organs.
Heptatriacotanol mEul:s are also contained in kretek.
Heptatriacotanol  acts as an anti-oxidant, anti-
inflammatory, and anti-cancer.*’

In this study, Sprague Dawley's brain exposed to kretek
smoke with low doses appeared normal, and did not
differ morphologically compared to the group that was
not exposed (CG as a control group). Exposure tokretek
smoke with low doses, namely 1 stick/day for 1 month
(30 days), did not affect Sprague Dawley's brain
morphology. We compared the brain moffhology of rats
qualitatively. When compared with the results of
previous studies, the morphology of the rat brain in this
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study appears to be the same size. Moreover, itis also
shown that the cerebrum appears to be the largest part of
the rat brain. The olfactory bulb is in the rostral part of
the cerebrum, while the caudal part of the cerebrum is
the cerebgllum, and the ventral part is the brainstem, ¥

Changes n the shape of Purkinje cells in the cerebellum
of rats exposed to smoke of kretek 1 stick/day for 1
month (30 days) showed abnormalities. The Purkinje
cell abnormalities in this study were like brain
abnormalities in rats exposed to tobacco smoke for a
longffBhe. Previous research demonstrated that in adult
rats exposed to very low doses of tobacco smoke for a
long time found a reduction in immature neurons in the
brain.* Although our previous research has not
measured Purkinje cell cytom et our study showed that
exposure to smoke of cigarette 1 stick/day for 3 months
decreased Purkinje  cell density (in the cerebellar
cortex).'® These abnormal Purkinje cells are a sign of
degeneration. Purkinje cells change size and shape, from
large and round to smaller and tapered (Figure 5). The
occurrence of pathological conditions of Purkinje cells
in this study is in line with the oxidative stress theory.
This Purkinje cell condition occurs due to oxidative
stress. Oxidative stress can originate both exogenously
and endogenously. Cigarette smoke contains chemical
compounds that trigger compounds in cells to form
proinflammatory compounds. The modulation that
occurs in these intracellular proinflammatory pathways
results in pathological conditions.*" This fact is
reinforced by research results that demonstrate cigarette
smoke causes inflammation with various mechanisms of
action.*> #

The results of this research, which sha' a cytometry
decrease in Purkinje cells in a TG are in line with the
resu]nf previous research. Previous research results
that are in accordance with the results of this study
include the nicotine content in tobacco. Research results
have demonstrated that apart from nicotine, tobacco also
contains alkaloids and other samdaly metabolites.* In
more detail, cigarettes purchased on the market contain about
1.5% alkaloids by weight of tobacco. Tobacco contributes
about 95% of the total alkaloid content ** It has been
demonstrated that the nicotine in cigarette smoke
decreases brain volume. It was further shown that
individuals who actively smoke daily were strongly
associated with a decrease in total grey matter. In more
detail it was demonstrated that increasing the smoking
dose had a greater effect on reducing brain volume. It
is not just the smoke effect of kretek on the brain, it has
been further demonstrated that smoke of kretek also
affects the brain reward threshold. The results of
previous research on ratsexposed to nicotine at various
concentrations per cigarette (0.028; 0.07; 0.13; 0.272;
and 0.84 mg/stick) showed that nicotine lowered the
brain reward threshold.*’

Previous research results show that nicotine in tobacco
has a serious impact on the body through wvarious
multidimensional pathways. Apart from that, nicotine
also has an impact on nerve health. The exact
mechanism of nicotine's effect on nerve health is not yet
known.® The influence of nicotine in cigarette smoke on
neurologicalhealth is certainly related to the decreased in
Purkinje cell cytometry in the results of this study. The
reductimﬂ] Purkinje cell cytometry in the results of this
research 1s in line with the results of previous studies.
The results of previous research demonstrated that
smoking decreased grey matter volume (GMV) in most
brain arcas. The GMV measurement was carried out
using voxel-based morphometry (VBM). The results of
this study also shown that cigarette smoke reduces GMV
in the cerebellum.*® Our results are in line with other
studies showed that exposure to kretek smoke can
impact brain structure and function.*” Moreover, it has
been shown that low dose cigarette smoke exposure also
demonstrated of overexpression of p53 gene.'”

Purkinje cell abnormalities in the group of mice exposed
to cigarette smoke need to be compared with the control
group, this is important in histopathology. Changes in
Purkinje cell size include changes in area, perimeter,
length, and width. The appearance of abnormal Purkinje
cells is characterized by a smaller size than normal ones,
so that the area, perimeter, length, and width are also
reduced. Likewise, the tapered appearance of Purkinje
cells also shows that the size of the area, perimeter,
length, and width decreases. Quantitative changes to
Purkinje cells (area, perimeter, length, and width) afm
the qualitative appearance of the cells. Based on the
cerebellum is a brain region that plays an important role
in motor control,'? then in the future it is necessary to
investigate the relationship between Purkinje cell
abnormalities and motor function.

LIMITATION:

The limitation of this research is that we did not measure
the substance content in kretek smoke, for example levels
total alkaloids, tar, and eugenol. These substances
certainly affect the cerebellum of mice, especially the
occurrence ofnlrkinje cell abnormalities. We also did
not correlate the levels of substances in kretek smoke
with the degree of Purkinje cell abnormalities. Apart
from that, we also did not measure the thickness of each
layer of the cerebellum, the characteristics of the cells in
the granule cell layer of the cerebellum. Abnormalities in
the size andshape of Purkinje cells which are associated
with motor function are important to study because they
can be used in diagnosis both at the cellular and tissue
levels.
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CONCLEION:

Exposure to low doses of kretek smoke of 1 stick/day
for 1 month (30 days) in rats did n affect
morphological changes in the brain. Kretek smoke 1
stick/day for 30 days reduces the size of Purkinje cell
bodies and changes the shape from round to tapered. In
the future, it is necessary to investigate the clinical
implications of Purkinje cell abnormalities on motor
function due to kretek smoke exposure. More
specifically, it is necessary to examine abnormalities in
the size and shape of Purkinje cells that experience
degeneration due to kretek smoke exposure.
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ABSTRACT:

Facts show that many Indonesians are smokers. Some of these smokers are kretek smokers. Kretek is made from
amixture of tobacco, cloves, and sauce. Kretek smoke is toxic, and affects the cerebellum, especially Purkinje
cells. Aim of this study was to determine the effects of kretek smoke on the Purkinje cells of rats. CG (control
group) were rats that breathed using normal air (not exposed to kretek smoke). TG (treatment group) were rats
that were exposed to smoke of kretek 1 stick/day for 1 month (30 days). Observations were made on the
morphology of the rat brain and histology on the cerebellum. Qualitative and quantitative observations were
madeon Purkinje cells (area, perimeter, length, and width). The nicotine content in the kretek cigarettes used in this
study was 3.88+0.05nug/g. Exposure to kretek smoke of 1 stick/day for 1 month in rats demonstrated that the
brain didnot experience changes in shape, but Purkinje cells in the cerebellum became abnormal in both shape
and size. Purkinje cells area of rats in CG was higher than TG (p = 0.000). Purkinje cells perimeter of rats in CG
was higher than TG (p = 0.000). Purkinje cells length of rats in CG was higher than TG (p = 0.000). Purkinje cells
width of rats in CG was higher than TG (p = 0.000). Exposure to kretek smoke of 1 stick/day for 1 month did not
change the morphology of the rat brain, but reduced the size of Purkinje cell bodies, and changed the shape from
round to tapered as a sign of cell degeneration.

KEYWORDS: Kretek, Low-Dose Kretek Smoke, Nicotine, Cerebellum, Purkinje.
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Indonesia is a group of countries whose population is a
smoker in large numbers.! Based on the results of the
Basic Health Research survey of the Ministry of Health
of the Republic of Indonesia in 1918, it shows that 34%
of the Indonesian population aged 15+ years are
smokers.> Most smokers in Indonesia, namely 73%,
smoke kretek.® The characteristic of kretek is that its
composition consists of tobacco, cloves, and sauces.*

Cigarette smoke is a toxic mixture. It is known that more
than 7000 chemicals are contained in cigarette smoke,
more than 4500 as a toxin, and 70 of them are known to
be carcinogenic. Nevertheless, there is no doubt that
tobacco has been used as an addictive stimulant for
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people around the world.> Moreover, it has been
demonstrated that 24 types of kretek cigarettes contained
2.8-33.8mg/stick of eugenol. Fourteen types of 24 types
of kretek cigarettes contain 2.8-12.9mg/stick of menthol,
5 of 9 cigarettes contain 3.6-10.8mg/stick.® In addition,
that tobacco as the main component of kretek contains
nicotine. Nicotine that enters the body when smoking
will spread quickly to the brain. Previous studies have
shown that nicotine is absorbed systemically after
smoking.” Apart from that, the substances contained in
cigarette smoke cause addiction.® In this regard, it is
stated that the content of this substance influences the
development of nerve structures.® Smoking also causes
motor damage to the brain.’

Our previous study which shown that smoke of filtered
kretek decreased the size of bronchioles, but increased
the size of respiratory bronchioles. It was further
demonstrated that filtered kretek smoke also affected to
overexpression of the p53 gene.!' Moreover, also
demonstrated that components of tobacco smoke impact
gene expression in E. coli.!' Therefore, it is necessary to
further investigate the relationship between gene
expression manifestations (due to exposure to cigarette
smoke) and target cells.

Parts of the brain include the cerebellum.
Phylogenetically, the cerebellum is classified into 3
parts, namely paleocerebellum, neocerebellum, and
archicerebellum. Based on its anatomical location, the
cerebellum isdivided as follows: the anterior lobe of the
cerebellum, namely the paleocerebellum, the posterior
lobe, namely theneocerebellum, and the vestibule of the
cerebellum or flocculonodular lobe, namely the
archicerebellum. The cerebellum is responsible for
motor control. Purkinje cells line up in rows called the
Purkinje cell layer. Purkinje cell bodies have unique
dendritic branches.!? The cerebellum can be used as a
model for studying the central nervous system. The
choice of the cerebellum as a learning model is based on
its precise development, so that it can be used as a
model for identifying disorders of the central nervous
system.!3

The research results show that in society many people
smoke at low doses.'*!> Because that, we focusedon the
effects at low doses of kretek smoke on the rat brain.
The effects observed in this study were histological of
cells abnormalities in the cerebellum. This focus is a
continuation of our previous research. 67

Although Purkinje cell density has been proven
histometrically, it is necessary to know the smoke effect
of kretek on brain cell histometrics.'® So, the purpose of
this research is to determine the effect of kretek smoke on
changes in “rat Purkinje cells”. Changes in "rat Purkinje

cells" both qualitatively and quantitatively can be used
as a guideline in a more objective diagnosis of brain
tissue disorders.

MATERIAL AND METHODS:

Kretek:

The kretek used in this research were made manually
with a composition of tobacco, cloves, and sauce is
called as “woor”. Tobacco, cloves, and sauce were
purchased at the market in the Special Region of
Yogyakarta, Indonesia.

Measurement of nicotine levels:

Measurement of nicotine levels in kretek used the
CAMAG Linomat 5 "Linomat5 220727" S/N 220727
(1.00.13)instrument. The test method used is Thin Layer
Chromatography (TLC) Densitometry. The weight of
the sample (kretek) used was 500 mg. Nicotine
standards were dissolved in ethanol. Nicotine spot
density is read at a wavelength of 265 nm. The
retardation factor (Rf) value in measuring nicotine levels
is 0.64, with a standard of 1010 ug/mL. The formula
used to calculate nicotine levels is as follows:

(sampel area —b)

Screening GC MS:

The GC-MS tool used to measure the substance content
in kretek requires first calibrating the tool. The sample
(kretek) was added with 1.5 mL of ethanol in a
microtube, then vortexed until homogeneous. Next, the
solution was centrifuged at 9500 rpm for 5 minutes. The
supernatant is putinto a gas chromatography vial, then
injected into the gas chromatography column. Column
used HP-5ms Ultra Inert Columns.

Ethical clearance:
We obtained the ethical clearance No.
058/KER/FK/IU2024 from the Research Ethics
Commission, Faculty of Medicine, Universitas Trisakti,
Jakarta, Indonesia.

Animal:

The experimental animals used were the Sprague-
Dawley rats. The number of rats is 16, male gender, age:
2 — 3 months, body weight 150 to 200grams, in good
health as declared by a veterinarian. During the study,
rats were placed in cages individually. Rat cages were
placed in an animal treatment room. The room
temperature used for these experimental was 24 - 28°C,
with a room humidity of 50-60%. The room lightingused

4883



Research J. Pharm. and Tech. 18(10): October 2025

was artificial fluorescence with a light and dark cycle of
12:12 hours. The rats were given food and drink
sufficiently (at libitum), based to standards.

Sample size calculated with the minimum sample size
formula, namely N = 10: (2 — 1) + 1 = 5 rats, whilethe
maximum sample size was N = 20:(2 — 1) + 1=10 rats.'®
Researchers used 8 rats for each treatment group. Rats
were sacrificed after the experiment was completed.
Brain organs were taken to make slide preparations.

Treatment:

Acclimatization for 1 week was carried out on all rats
included in the study. During acclimatization, rat was in
individual cages placed in the animal treatment room.
The rats were given food and drink at libitum, according
to standards. During acclimatization, rats were not
treated. After acclimatization, the rats were randomly
grouped into 2 groups, each group consisting of § rats.
Control group in these studies is CG. CG is rats breathe
normal air, not exposed to smoke of kretek. Treatment
group in this study is TG, the rats were given treatment,
namely exposure to smoke of kretek, with a dose of 1
cigarette/day. The duration of exposure to smoke of
kretek on both groups (CG and TG) was 1 month (30
days).

The size of the glass box for treatment is 45 cm long, 35
cm wide and 20cm high (31,500 cm?). The glassbox as a
place for cigarette smoke exposure is equipped with a
pipe connected to an electric pump. After the kretek is
burned, and the electric pump is turned on, the smoke of
kretek enters the glass box, then is inhaled by the
experimental rats.

Treatment in TG for 10 minutes, every morning for 1
month (30 days). After being treated, the rats were
anesthetized to death. We used ketamine (100mg/kg
body weight), and xylazine (10mg/kg body weight)
intraperitoneally. Animals that had been sacrificed by
euthanasia, then their brains were taken, and stored in
bottlescontaining 10% neutral buffered formalin (NBF)
solution. The next step is that the brains are used to
make histological preparations.

Research diagram:
Research diagram is presented in Figure 1.

Name of animal species - Rasties norvegicn
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Figure 1. Research flow diagram

Hematoxylin and eosin staining:

NBF 10% is used to fix the brain tissue. Next, the brain
tissue was made into slides with hematoxylin and eosin
staining as done in previous studies. ' !

Qualitative observed of Purkinje cells:

Cerebellum slide images were documented using
Optilab Advance Plus. Analysis of the slide images used
ImageRaster 3. Optilab Advance Plus, and Image Raster
3 devices (https://miconos.ac.id/new/support/download).
Observation of Purkinje cell abnormalities was shown if
abnormalities in cell shape were found. The shape of
Purkinje cells between the control group and the
treatment group was compared qualitatively.

Quantitative measurement of Purkinje cells:

Cerebellum image documentation has been carried out
with Optilab Advance Plus. Quantitative measurement
of Purkinje cells was carried out with Image Raster 3
(https://miconos.ac.id/new/support/download).

Cytometry parameters of Purkinje cells are area,
perimeter, length, and width. Three researchers were
involved in the measurement of Purkinje cell cytometry.
Measurement data are displayed as mean and standard
deviation (SD). Independent sample t test was used to
compare differences in Purkinje cell cytometry between
groups. We used p<0.05 for differences between groups.

RESULTS:

Nicotine levels:

Chromatogram obtained using <win CATS Planar
Chromatography Manager= and the standard curve used
to measure nicotine levels of kretek are presented in
Figure 2.
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Table 1. Nicotine levels in kretek cigarettes

NS | R SW SSV AFS Freq NDS A NIS NIDS Avr
() (uL) mL (ng) (ng) (ng/g) (ng/g)
1 1 0.5048 25 5 1 252.4 5916.1 0.99 3.92 3.92
2 0.5048 25 5 1 252.4 5916.1 0.99 3.92
2 1 0.5022 25 5 1 251.1 5840.5 0.975 3.88 3.84
2 0.5022 25 5 1 251.1 5724.9 0.951 3.79
3 1 0.5034 25 5 1 251.6 5752.6 0.957 3.80 3.80
2 0.5034 25 5 1 251.8 5759.3 0.958 3.81
4 1 0.5029 25 5 1 2512 5838.4 0.974 3.88 3.88
2 0.5029 25 5 1 251.2 5852.5 0.977 3.89
5 1 0.5041 25 5 1 251.9 5798.4 0.966 3.84 3.91
2 0.5041 25 5 1 251.9 5976.3 1.002 3.98
6 1 0.5046 25 5 1 2522 5921.2 0.991 3.93 3.93
2 0.5046 25 5 1 2522 5928.3 0.993 3.94

Avr+=SD 3.88+0.05

Abbreviations: NS = Number of Sample, R = Replicants, SW = Sample weight, SSV = Sample spotting volume, AFS = Add final sample, F =
Frequency, NDS = Number of deep spots, A = area, NIS = nicotine in the sample, NIDS = Nicotine levels in dry samples, Avr = average, g =
gram, pLL. = micro liter, mL = milli liter, pg = micro gram, pg/g = micro gram per gram, SD = standard of deviation.

The nicotine content in kretek used in this study was 3.88 =0.05 pg/g.
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Figure 2. Chromatogram, and Standard curve for nicotine levels.
A. 3-D chromatogram obtained wusing winCATS Planar
Chromatography Manager. B = Standard curve for nicotine levels.

Nicotine levels in kretek cigarettes are presented in
Table 1.

Content of substances in kretek:

Based on the GC-MS chromatogram, there are 99
substances measured in kretek (all types of substances
are not shown in this paper). Substances contained in
kretek  with  high amounts including ethyl-

diisopropylacetamide (C10H21NO), Pyridine, 2-(1-
methyl-2-pyrrolidinyl)- (C10H14N2), 3-Allyl-6-
methoxyphenol (C10H1202), Caryophyllene (C15H24),
10-Octadecenoic acid, methyl ester (C19H3602), 1-
Heptatriacotanol (C37H760).

Brain morphology and histological structure of the
cerebellum of Sprague Dawley rats:

Brain morphology and histological structure of the
cerebellum of rats is presented in Figure 3.

1516 17 18 19

c.l D. : -
Figure 3. Brain morphology and histological structure of the
cerebellum of rats.

A, Sprague Dawley rats9 brain. Cerebellum preparations
were made in cross sections indicated by red arrows. B.
Histology of the cerebel- lum of Sprague Dawley rats,
hematoxylin and eosin staining, objective 10 x. ob =
olfactory bulb, rcc = right cerebral cortex, lcc = left
cerebral cortex, cb = cerebellum, mobs = medulla
oblongata of brain stem, pm = pia matter, ml =
molecular layer, cgm = cortex of grey matter, gl =
granular cell layer, mwm = medulla of white matter. C.
Purkinje cells at the edge of the granular cell layer (green
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yellow arrow), hematoxylin and eosin staining, objective
10 x. D. Cell Purkinje (yellow arrow), hematoxylin and
eosin staining, objective 40 x.

The brain morphology of Ratslooks at the olfactory bulb
(ob), left and right cerebral cortex (lcc and rcc),
cerebellum (cb), and medulla oblongata of brain stem
(mobs). The histological structure of the cerebellum
appears in the pia matter (pm), molecular layer (ml),
cortex of grey matter (cgm), granular cell layer (gl),
medullaof white matter (mwm), Purkinje cells at the edge
of the granular cell layer (green yellow arrow). The
morphology of the rat’s brain between CG was no
different compared to TG. Morphologically, the part of
the rat’s brainbetween CG was no different compared to
TG. All rat brains in this study had the same parts,
including ob, lcc, rcc, cb, and mobs.

Qualitative comparison of the cerebellum between
treatment groups

Purkinje cells are located at the edge of the granular cell
layer of the rat cerebellum in both groups (CG and TG).
The appearance of Purkinje cells in CG appears round,
while in TG they appear smaller and tapered. Based on
this appearance, Purkinje cells in CG appear to have a
normal histological structure, while Purkinje cells in TG
appear abnormal. A comparison of the appearance of
Purkinje cells in rats between groups is presented in
Figure 4.

B.

Figure 4. Comparison of the appearance of the Purkinje cells of
rats between CG compared to TG. A. Purkinje cells in CG. B.
Purkinje cells in TG. Purkinje cells in CG (A) and TG (B) stained with
hematoxylin and eosin, and objective 40 x. CG, rats breathe using
ordinary air without exposure to smoke of kretek. TG, the group of rats
exposed to smoke of kretek 1 stick/day for 1 month (30 days) of
treatment. Purkinje cells are indicated by green yellow arrows.

Purkinje cell cytometry:

A cytometry comparison (area, perimeter, length, and
width) of the Purkinje cells of rats between (G compared
to TG are presented in Figure 5.
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Figure 5. Cytometry comparison of Purkinje cells in rats

A. Area and perimeter of Purkinjecells in CG. B. Area
and perimeter of Purkinje cells in TG. C. Length and
width of Purkinje cells in CG (control). D. Length and
width of Purkinje cells in TG. Purkinje cells in rats were
stained with hematoxylin and eosin, 40x objective. E.
Area comparison of Purkinje cells between CG
compared to TG. F. Perimeter comparison of Purkinje
cells between CG compared with TG. G. Length
comparison of Purkinje cells between CG compared with
TG. H. Width comparison of Purkinje cells between CG
compared with TG. CG (control), rats breathe using
ordinary air without exposure to kretek smoke. TG, the
rat’s group that exposed to kretek smoke 1 stick/day for 1
month (30 days) of treatment. Purkinje cellsare indicated
by green yellow arrows.

Mean value of Purkinje cells area of rats in CG is 573.73
um?, with SD 22.78 um?, number of samples 48, with
95% lower and upper of confidence interval (CI) 567.30
and 579.93 pum?, respectively. Mean value of Purkinje
cells area of rats in TG is 296.97 um?; with SD 16.44
um?; number of samples 48, with 95% lower and upper
of CI292.46 and 301.79 um?, respectively. Levene's test
for equality of variances of Purkinje cells area with F
value 4.704; p = 0.033; p value of t-test for equality of
means 0.000; with t = 68.26; df = 85.51. Purkinje cells
area of rats in CG was higher than TG (p = 0.000).
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Mean value of Purkinje cells perimeter of rats in CG is
89.35 um, with SD 4.79 um, number of samples 48, with
95% lower and upper of CI 87.98 and 90.63 pum,
respectively. Mean value of Purkinje cells perimeter of
rats in TG is 68.99 um; with SD 3.73 pum; number of
samples 48, with 95% lower and upper of CI 67.93 and
70.02 pm, respectively. Levene's test for equality of
variances of Purkinje cells area with F value 2.70; p =
0.104; p value of t-test for equality of means 0.000, with
t = 23.24; df = 94. Purkinje cells perimeter of rats in CG
was higher than TG (p = 0.000).

Mean value of Purkinje cells length of rats in CG is
30.33 um, with SD 3.25 pm, number of samples 48, with
95% lower and upper of CI 29.43 and 31.23 pum,
respectively. Mean value of Purkinje cells length of rats
in TG is 22.01 pm, with SD 2.65 pm, number of
samples 48, 95% lower and upper of CI 21.27 and 22.79
pum, respectively. Levene's test for equality of variances
of Purkinje cells area with F value 3.79; p = 0.054, p
value of t-test for equality of means 0.000, with t =
13.75; df = 94. Purkinje cells length of rats in CG was
higher than TG (p = 0.000).

Mean value of Purkinje cells width of rats in CG is
26.49 um, with SD 3.37 pm, number of samples 48, with
95% lower and upper of CI 25.56 and 27.38 um,
respectively. Mean value of Purkinje cells width of rats
in TG is 13.75 pm, with SD 2.78 pm, number of
samples 48, with 95% lower and upper of CI 12.95 and
14.56 pum, respectively. Levene's test for equality of
variances of Purkinje cells width withF value 1.033, p =
0.312, p value of t-test for equality of means 0.000, with t
=20.21, df = 94. Purkinje cells widthof rats in CG was
higher than TG (p = 0.000).

DISCUSSION:

The nicotine content in kretek used in this study was
3.88 £ 0.05 pg/g. It has been shown that tobacco use is
associated with nicotine dependence.'” It has been
proven that nicotine causes addiction in users.’’ The
consequence of a smoker is that the nicotine levels in the
body increase. Although there are other alternatives in
the form of electronic cigarettes which are intended to
reduce nicotine levels. 2?>?* However, it is important to
note that e-cigarettes can also use nicotine as a
vaporizable substance.?* Reducing nicotine levels in
kretek needs to be done because it has the potential to
provide benefits to public health.?2% 27 Despite the
occurrence of hyperexcitability reactions,?® smoking
cessation is better for maintaining better health.
Therefore, nicotinereplacement therapy (NRT) is needed
to replace nicotine from cigarettes used by smokers.? It
has been clearly stated that cigarettes cause health
problems not only in the respiratory tract but also in
body organs up to the molecular level, for example in

antioxidant enzymes.** Regarding the substance content
in kretek, in this study, we did not measure eugenol
levels. The results of other studies demonstrate that the
eugenol levels in kretek range from 2.8-33.8 mg/stick.®

There are several substances in kretek that are contained
in high amounts, including Pyridine, Caryophyllene
(C15H24), methyl ester (C19H3602), and I-
Heptatriacotanol (C37H760). Apart from that, there
are also molecules of ethyl-diisopropylacetamide
(C10H21NO), 3-Allyl-6-methoxyphenol (C10H1202),
2-(1-methyl-2- pyrrolidinyl)- (C10H14N2), and 10-
Octadecenoic acid. Although we did not check eugenol
levels, the kreteck used in this study contained
caryophyllene. We know that caryophyllene is an
essential herbal oil, including clove oil. Caryophyllene
has been proven to be anti-inflammatory by inhibiting
key inflammatory mediators, for example inducible
Interleukin 1 beta (IL-1PB) and nitric oxide synthase
(iNOS).3!> 32 Pyridine and its derivatives are heterocyclic
compounds with low molecular weight. Even though our
research results show high levels in cigarette smoke,
pyridine is used as an anti-oxidant and anti-bacterial.
Apart from that, pyridine is also used to treat various
diseases, for example cardiovascular disease, anti-cancer,
and anti-coagulant.* Based on the results of previous
studies, we suggest that further research be conducted on
the relationship between the content of substances in
kretek and macrophage recruitment as an inflammatory
response due to exposure to cigarette smoke.>

Fatty acid methyl esters (FAME) occur through the
transesterification process of fat with methanol. FAME
is found for example in biodiesel, usually obtained from
vegetable oils through transesterification. Apart from
that, FAME is also used to produce detergents and
biodiesel.> Although it has been demonstrated that there
is a correlation between fatty acid metabolic pathways
and acute lung injury.’® Because the high fatty acid
contentin kretek is a source of exposure to lung organs,
in the future research needs to be focused on the fatty
acid aspect of lung injury, as well as other organs.
Heptatriacotanol molecules are also contained in kretek.
Heptatriacotanol acts as an anti-oxidant, anti-
inflammatory, and anti-cancer.*’

In this study, Sprague Dawley's brain exposed to kretek
smoke with low doses appeared normal, and did not
differ morphologically compared to the group that was
not exposed (CG as a control group). Exposure tokretek
smoke with low doses, namely 1 stick/day for 1 month
(30 days), did not affect Sprague Dawley's brain
morphology. We compared the brain morphology of rats
qualitatively. When compared with the results of
previous studies, the morphology of the rat brain in this
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study appears to be the same size. Moreover, itis also
shown that the cerebrum appears to be the largest part of
the rat brain. The olfactory bulb is in the rostral part of
the cerebrum, while the caudal part of the cerebrum is
the cerebellum, and the ventral part is the brainstem. 3%

Changes in the shape of Purkinje cells in the cerebellum
of rats exposed to smoke of kretek 1 stick/day for 1
month (30 days) showed abnormalities. The Purkinje
cell abnormalities in this study were like brain
abnormalities in rats exposed to tobacco smoke for a
long time. Previous research demonstrated that in adult
rats exposed to very low doses of tobacco smoke for a
long time found a reduction in immature neurons in the
brain.** Although our previous research has not
measured Purkinje cell cytometry, our study showed that
exposure to smoke of cigarette 1 stick/day for 3 months
decreased Purkinje cell density (in the cerebellar
cortex).!® These abnormal Purkinje cells are a sign of
degeneration. Purkinje cells change size and shape, from
large and round to smaller and tapered (Figure 5). The
occurrence of pathological conditions of Purkinje cells
in this study is in line with the oxidative stress theory.
This Purkinje cell condition occurs due to oxidative
stress. Oxidative stress can originate both exogenously
and endogenously. Cigarette smoke contains chemical
compounds that trigger compounds in cells to form
proinflammatory compounds. The modulation that
occurs in these intracellular proinflammatory pathways
results in pathological conditions.*! This fact is
reinforced by research results that demonstrate cigarette
smoke causes inflammation with various mechanisms of
action.*>*

The results of this research, which show a cytometry
decrease in Purkinje cells in a TG are in line with the
results of previous research. Previous research results
that are in accordance with the results of this study
include the nicotine content in tobacco. Research results
have demonstrated that apart from nicotine, tobacco also
contains alkaloids and other secondary metabolites.** In
more detail, cigarettes purchased on the market contain about
1.5% alkaloids by weight of tobacco. Tobacco contributes
about 95% of the total alkaloid content *° It has been
demonstrated that the nicotine in cigarette smoke
decreases brain volume. It was further shown that
individuals who actively smoke daily were strongly
associated with a decrease in total grey matter. In more
detail it was demonstrated that increasing the smoking
dose had a greater effect on reducing brain volume.*¢ It
is not just the smoke effect of kretek on the brain, it has
been further demonstrated that smoke of kretek also
affects the brain reward threshold. The results of
previous research on ratsexposed to nicotine at various
concentrations per cigarette (0.028; 0.07; 0.13; 0.272;
and 0.84 mg/stick) showed that nicotine lowered the
brain reward threshold.*’

Previous research results show that nicotine in tobacco
has a serious impact on the body through various
multidimensional pathways. Apart from that, nicotine
also has an impact on nerve health. The exact
mechanism of nicotine's effect on nerve health is not yet
known.® The influence of nicotine in cigarette smoke on
neurologicalhealth is certainly related to the decreased in
Purkinje cell cytometry in the results of this study. The
reduction in Purkinje cell cytometry in the results of this
research is in line with the results of previous studies.
The results of previous research demonstrated that
smoking decreased grey matter volume (GMV) in most
brain areas. The GMV measurement was carried out
using voxel-based morphometry (VBM). The results of
this study also shown that cigarette smoke reduces GMV
in the cerebellum.*® Our results are in line with other
studies showed that exposure to kretek smoke can
impact brain structure and function.*” Moreover, it has
been shown that low dose cigarette smoke exposure also
demonstrated of overexpression of p53 gene.'”

Purkinje cell abnormalities in the group of mice exposed
to cigarette smoke need to be compared with the control
group, this is important in histopathology. Changes in
Purkinje cell size include changes in area, perimeter,
length, and width. The appearance of abnormal Purkinje
cells is characterized by a smaller size than normal ones,
so that the area, perimeter, length, and width are also
reduced. Likewise, the tapered appearance of Purkinje
cells also shows that the size of the area, perimeter,
length, and width decreases. Quantitative changes to
Purkinje cells (area, perimeter, length, and width) affect
the qualitative appearance of the cells. Based on the
cerebellum is a brain region that plays an important role
in motor control,'? then in the future it is necessary to
investigate the relationship between Purkinje cell
abnormalities and motor function.

LIMITATION:

The limitation of this research is that we did not measure
the substance content in kretek smoke, for example levels
total alkaloids, tar, and eugenol. These substances
certainly affect the cerebellum of mice, especially the
occurrence of Purkinje cell abnormalities. We also did
not correlate the levels of substances in kretek smoke
with the degree of Purkinje cell abnormalities. Apart
from that, we also did not measure the thickness of each
layer of the cerebellum, the characteristics of the cells in
the granule cell layer of the cerebellum. Abnormalities in
the size andshape of Purkinje cells which are associated
with motor function are important to study because they
can be usedin diagnosis both at the cellular and tissue
levels.>3!
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CONCLUSION:

Exposure to low doses of kretek smoke of 1 stick/day
for 1 month (30 days) in rats did not affect
morphological changes in the brain. Kretek smoke 1
stick/day for 30 days reduces the size of Purkinje cell
bodies and changes the shape from round to tapered. In
the future, it is necessary to investigate the clinical
implications of Purkinje cell abnormalities on motor
function due to kretek smoke exposure. More
specifically, it is necessary to examine abnormalities in
the size and shape of Purkinje cells that experience
degeneration due to kretek smoke exposure.
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