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Quartiles

The set of journals have been ranked according to their SJR and divided into four equal groups, four quartiles. Q1 (green)
comprises the quarter of the journals with the highest values, Q2 (yellow) the second highest values, Q3 (orange) the third
highest values and Q4 (red) the lowest values.

Category Year Quartile
Pharmaceutical Science 2010 Q4
Pharmaceutical Science 2011 Q2
Pharmaceutical Science 2012 Q2
Pharmaceutical Science 2013 Q2

SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is
based on the idea that 'all citations are not created
equal'. SJR is a measure of scienti�c in�uence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of
the journals where such citations come from It
measures the scienti�c in�uence of the average article
in a journal it expresses how central to the global

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total
number of documents published in that journal. The
chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.
The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2009 0.000
Cites / Doc. (4 years) 2010 0.373
Cites / Doc. (4 years) 2011 0.908
Cites / Doc. (4 years) 2012 0.741
Cites / Doc. (4 years) 2013 0.693
Cites / Doc. (4 years) 2014 0.877
Cites / Doc. (4 years) 2015 0.732
Cites / Doc. (4 years) 2016 0.730
Cites / Doc. (4 years) 2017 0.593
Cites / Doc. (4 years) 2018 0.585

Total Cites Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published
documents during the three previous years.
Journal Self-citation is de�ned as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
S lf Cit 2009 0

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-
citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received
by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several
countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country address.

Year International Collaboration
2009 15.25
2010 4 76

Citable documents Non-citable documents

Not every article in a journal is considered primary

Cited documents Uncited documents
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GAF 6 months ago

Dear journal Editor

Why can't I found my published paper on google scholar search? My paper is published on january

2020 volume 13.

Thanks

reply

research and therefore "citable", this chart shows the
ratio of a journal's articles including substantial research
(research articles, conference papers and reviews) in
three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value

windows, that have been cited at least once vs. those
not cited during the following year.

Documents Year Value
Uncited documents 2009 0
Uncited documents 2010 41
Uncited documents 2011 78
U it d d t 2012 223

← Show this widget in
your own website

Just copy the code below
and paste within your html
code:
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G

Melanie Ortiz 6 months ago

Dear GAF,

thank you for contacting us.

We are sorry to tell you that SCImago 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 contact the

journal’s editorial staff , so they could inform you more deeply. 

Best Regards, SCImago Team

M
SCImago Team
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Welcome to AJPCR (Online ISSN: 2455-3891 | Print ISSN: 0974-2441)
AJPCR (Asian J Pharm Clin Res) started in the year 2008 and is a peer-reviewed monthly (onward Jan 2017)
Open Access Journal. The journal publishes original work which has any correlation and impact in the field
of Pharmaceutical Sciences and Clinical Research (Pharmacognosy, Natural Product, Pharmaceutics, Novel
Drug Delivery, Pharmaceutical Technology, Biopharmaceutics, Pharmacokinetics, Pharmaceutical/Medicinal
Chemistry, Computational Chemistry, Drug Design, Pharmacology, Pharmaceutical Analysis, Pharmacy
Practice, Clinical Pharmacy, Pharmaceutical Biotechnology, Pharmaceutical Microbiology and Medicine
etc). AJPCR publishes it as an original research article, short communication and case reports. The journal
also publishes Reviews to keep readers up to pace with the latest advances under mentioned scopes.
 
Why publish with AJPCR?

Timely decisions: The standard time from submission to first decision is 20 days for regular articles
Timely broadcasting: The average time from initial submission to publication for regular Research
Articles is 40 days,
Constructive reviews from  renowned scientist and researcher at all editorial levels
No page limits for regular articles.

Abstracting and Indexing

Google Scholar, Elsevier Products (EMBASE & EBSCO), SCImago(SJR), Index Copernicus (ICV-2019: 133.59),
CNKI (China Knowledege Resource Integrated Database), CAS, CASSI (American Chemical Society), ICAAP,
Scientific commons, PSOAR, Open-J-Gate, Index Medicus for WHO South-East Asia (IMSEAR), OAI,
LOCKKS, OCLC (World Digital Collection Gateway), UIUC.
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Editorial Board
Editorial Board
 
AJPCR is committed to have dynamic and potential advisory-editorial board. Those established in the field
can directly send their resume. New people are first needed to serve as referee before being considered
member of advisory-editorial board. Email your resume to editor@ajpcr.com
 
Editor-in-Chief

Dr. Anurekha Jain 
Dept. of Pharmaceutical Sciences, Jyoti Mahila Vidyapeeth University, Jaipur, Rajasthan 
Email: anurekhajain@jvwu.ac.in, editor@ajpcr.com

 

Associate Editor

Dr. Nuray Arı  
Prof., Department of Pharmacology, Faculty of Pharmacy, Ankara University, 06100 Ankara, Turkey.
Email: ari@ankara.edu.tr
Lakshmi Narasmiha Rao Katakam                                                                                                       
                                Analytical Development, Saptalis Pharmaceuticals LLC, Hauppauge, New York,
USA 11788. Email: klnrao16@gmail.com

Assistant Editor

Dr. Omotoso Abayomi Ebenezer  
Prof., Department of Pharmaceutical & Medicinal Chemistry. Faculty of Pharmaceutical Sciences,
University of Port Harcourt, Nigeria. Email: abatoseb2001@yahoo.com

Dr. Vimal Kumar Jain  
 Principal, ITM School of Pharmacy, ITM Universe, Vadodara & Associate Dean, Pharmacy, GTU,
Ahmedabad
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Dr. Vikas Sharma 
Shri Rawatpura Sarkar Institute of Pharmacy, Datiya, MP, India

Dr. Rupesh Kumar Gautam  
Associate Prof., ADINA Institute of Pharmaceutical Sciences, Sagar, MP, India

Dr. Farhan Ahmed Siddiqui  
Faculty of Pharmacy, Federal Urdu University Arts, Science and Technology Karachi, Sindh, Pakistan

Dr. Javad Sharifi Rad  
Department of Pharmacognosy, Faculty of Pharmacy, Zabol University of Medical Sciences, P.O. Box
61615-585 Zabol, Iran

Dr. Rajesh Mohanraj  
Dept. of Pharmacology, CMHS, UAE

Dr. Sami Saqf El Hait  
Junior Executive - Quality Control At Jamjoom Pharmaceuticals Company Limited jeddah, Saudi
Arabia

Dr. Madhu Bala  
Scientist ‘F’ and Joint Director, Institute of Nuclear Medicine and Allied Sciences (INMAS), India

Dr. Sandip Narayan Chakraborty  
Research Asst, Translational Molecular Pathology, Ut Md Anderson Cancer Center, Life Sciences
Plaza, Houston, TX 77030 

Dr. Tushar Treembak Shelke  
Head of Department of Pharmacology and Research Scholar, In Jspms Charak College of Pharmacy
& Research, Pune, India

Dr. Subas Chandra Dinda 
Professor-cum-Director: School of Pharmaceutical Education & Research (SPER), Berhampur
University, Berhampur, Orissa, India.

Dr. Jagdale Swati Changdeo 
Professor and Head, Department of Pharmaceutics, MAEER’s Maharashtra Institute of Pharmacy,
S.No.124,MIT Campus,Kothrud,Pune-411038

Dr. Biplab Kumar Dey 
Principal, Department of Pharmacy, Assam down town University, Sankar Madhab Path, Panikhaiti
781026, Guwahati, Assam, India

Dr. Yogesh Pandurang Talekar 
Research Associate, National Toxicology Centre

Dr. Indranil Chanda 
Assistant Professor, Girijananda Chowdhury Institute of Pharmaceutical Science, Hathkhowapara,
Azara Guwahati-17, Assam, India.
Dr. Sudip Kumar Mandal                                                                                                                     
                        Department of Pharmaceutical Chemistry, Dr. B. C. Roy College of Pharmacy & AHS,
Bidhannagar, Durgapur-713206, India.
Dr. Neeraj Upmanyu 
Prof., Peoples Institute of Pharmacy & Research Center, Bhopal, MP, India.

Editorial office

ASUS
Highlight

ASUS
Highlight

ASUS
Highlight

ASUS
Highlight



Tabel Of Content Dari 2 Negara/ 

Abstrak Peserta Dari 2 Negara 
 



     

 

 Search

Home About Current Archives Editorial Board Submissions

Instructions to Authors Contact Us

     Innovare Home Our Journals Advertise With Us Subscription Register Login

HOME  ARCHIVES  Vol 11 Issue 10 October 2018

TRASTUZUMAB-INDUCED RESPIRATORY DISTRESS: A CASE REPORT

 View PDF   Abstract   Download PDF

PERSISTENT GENITAL AROUSAL DISORDER INTERVENTION WITH MANUAL PHYSIOTHERAPY - A
CASE STUDY

 View PDF   Abstract   Download PDF

EUCLEA CRISPA: REVIEW OF ITS BOTANY, ETHNOMEDICINAL USES, AND PHARMACOLOGICAL
PROPERTIES

 View PDF   Abstract   Download PDF

/ /

CASE STUDY(S)

NITHU M KUMAR, AKHILA SIVADAS, LAKSHMI R
Pages 1-2

  

MARIYAM FARZANA SF, VEERA GOUDHAMAN TS, PAWAN KUMAR MS
Pages 3-4

  

REVIEW ARTICLE(S)

ALFRED MAROYI
Pages 5-9

  

https://innovareacademics.in/journals/index.php/ajpcr/index
https://innovareacademics.in/journals/index.php/ajpcr/index
https://innovareacademics.in/journals/index.php/ajpcr/about
https://innovareacademics.in/journals/index.php/ajpcr/issue/current
https://innovareacademics.in/journals/index.php/ajpcr/issue/archive
https://innovareacademics.in/journals/index.php/ajpcr/editorial-board
https://innovareacademics.in/journals/index.php/ajpcr/about/submissions
https://innovareacademics.in/journals/index.php/ajpcr/instructions-to-authors
https://innovareacademics.in/journals/index.php/ajpcr/contact
https://innovareacademics.in/
https://innovareacademics.in/journals.php
https://innovareacademics.in/journals/index.php/ajpcr/advertise-with-us
https://innovareacademics.in/subscription.php
https://innovareacademics.in/journals/index.php/ajpcr/user/register
https://innovareacademics.in/journals/index.php/ajpcr/login
https://innovareacademics.in/journals/index.php/ajpcr/index
https://innovareacademics.in/journals/index.php/ajpcr/issue/archive
https://innovareacademics.in/journals/index.php/ajpcr/article/view/24343
https://innovareacademics.in/journals/index.php/ajpcr/article/view/24343/15758
https://innovareacademics.in/journals/index.php/ajpcr/article/view/24343
https://innovareacademics.in/journals/index.php/ajpcr/article/download/24343/15758
https://innovareacademics.in/journals/index.php/ajpcr/article/view/27327
https://innovareacademics.in/journals/index.php/ajpcr/article/view/27327/15759
https://innovareacademics.in/journals/index.php/ajpcr/article/view/27327
https://innovareacademics.in/journals/index.php/ajpcr/article/download/27327/15759
https://innovareacademics.in/journals/index.php/ajpcr/article/view/25146
https://innovareacademics.in/journals/index.php/ajpcr/article/view/25146/15760
https://innovareacademics.in/journals/index.php/ajpcr/article/view/25146
https://innovareacademics.in/journals/index.php/ajpcr/article/download/25146/15760
ASUS
Highlight



 View PDF   Abstract   Download PDF

A STUDY OF FLUID BED GRANULATION OF PRAVASTATIN TABLET USING DESIGN OF EXPERIMENTS

 View PDF   Abstract   Download PDF

SYNTHESIS, MOLECULAR DOCKING AND ANTIBACTERIAL EVALUATION OF SOME NOVEL N-4
PIPERIDINYL DERIVATIVES OF SPARFLOXACIN

 View PDF   Abstract   Download PDF

MORPHOLOGICAL AND HISTOLOGICAL EFFECTS OF BRUCEINE A ON THE LARVAE OF AEDES
AEGYPTI LINNAEUS (DIPTERA: CULICIDAE)

 View PDF   Abstract   Download PDF

GENETIC POLYMORPHISMS OF IL-17A IN ASSOCIATION WITH THE RISK OF PULMONARY
TUBERCULOSIS IN IRAQI PATIENTS

 View PDF   Abstract   Download PDF

EVALUATION OF IN VITRO ANTIOXIDANT ACTIVITY OF A MEDICINAL HERB, WEDELIA CHINENSIS
(OSBECK) MERRILL.

 View PDF   Abstract   Download PDF

LINDA MARGATA, JANSEN SILALAHI, URIP HARAHAP, DENNY SATRIA
Pages 406-409

  

KANG MIN KIM KIM, JAE SUNG PYO
Pages 410-414

  

HEMANTH K SUDHEER KUMAR, PARAMESHWAR H
Pages 415-421

  

DWI SUTININGSIH, MUSTOFA MUSTOFA, TRI BASKORO TUNGGUL SATOTO, EDHI MARTONO
Pages 422-427

  

NADA YAS AMEEN, MOHAMMED QAIS ABED, NAWAL MOHAMMED UTBA, AHMED ASMAR
MANKHI
Pages 428-432

  

REHANA BANU H, NAGARAJAN N
Pages 433-437

  

https://innovareacademics.in/journals/index.php/ajpcr/article/view/27476/15831
https://innovareacademics.in/journals/index.php/ajpcr/article/view/27476
https://innovareacademics.in/journals/index.php/ajpcr/article/download/27476/15831
https://innovareacademics.in/journals/index.php/ajpcr/article/view/27356
https://innovareacademics.in/journals/index.php/ajpcr/article/view/27356/15970
https://innovareacademics.in/journals/index.php/ajpcr/article/view/27356
https://innovareacademics.in/journals/index.php/ajpcr/article/download/27356/15970
https://innovareacademics.in/journals/index.php/ajpcr/article/view/27306
https://innovareacademics.in/journals/index.php/ajpcr/article/view/27306/15837
https://innovareacademics.in/journals/index.php/ajpcr/article/view/27306
https://innovareacademics.in/journals/index.php/ajpcr/article/download/27306/15837
https://innovareacademics.in/journals/index.php/ajpcr/article/view/27315
https://innovareacademics.in/journals/index.php/ajpcr/article/view/27315/15969
https://innovareacademics.in/journals/index.php/ajpcr/article/view/27315
https://innovareacademics.in/journals/index.php/ajpcr/article/download/27315/15969
https://innovareacademics.in/journals/index.php/ajpcr/article/view/26008
https://innovareacademics.in/journals/index.php/ajpcr/article/view/26008/15834
https://innovareacademics.in/journals/index.php/ajpcr/article/view/26008
https://innovareacademics.in/journals/index.php/ajpcr/article/download/26008/15834
https://innovareacademics.in/journals/index.php/ajpcr/article/view/25008
https://innovareacademics.in/journals/index.php/ajpcr/article/view/25008/15833
https://innovareacademics.in/journals/index.php/ajpcr/article/view/25008
https://innovareacademics.in/journals/index.php/ajpcr/article/download/25008/15833
ASUS
Highlight

ASUS
Highlight



     

 

 Search

Home About Current Archives Editorial Board Submissions

Instructions to Authors Contact Us

     Innovare Home Our Journals Advertise With Us Subscription Register Login

HOME  ARCHIVES  VOL 11 ISSUE 10 OCTOBER 2018  Original Article(s)

MORPHOLOGICAL AND HISTOLOGICAL EFFECTS OF
BRUCEINE A ON THE LARVAE OF AEDES AEGYPTI LINNAEUS
(DIPTERA: CULICIDAE)

DWI SUTININGSIH
Department of Epidemiology and Tropical Disease, Faculty of Public Health, University of Diponegoro,
Semarang, Indonesia.
http://orcid.org/0000-0002-4128-6688

MUSTOFA MUSTOFA
Department of Pharmacology, Faculty of Medicine, Gadjah Mada University, Yogyakarta, Indonesia.

TRI BASKORO TUNGGUL SATOTO
Department of Parasitology, Faculty of Medicine, Gadjah Mada University, Yogyakarta, Indonesia.

EDHI MARTONO
Department of Plant Pest and Diseases, Faculty of Agriculture, Gadjah Mada University, Yogyakarta,
Indonesia.

DOI https://doi.org/10.22159/ajpcr.2018.v11i10.27315

ABSTRACT

Objective: This study aimed to determine a target of action of bruceine A on the basis of its
morphological and histological effects on the larvae of Aedes aegypti Linnaeus.

Methods: Bruceine A was isolated from Brucea javanica (L.) Merr. seeds in accordance with the
Mangungsong method. Larvae of A. Aegypti (L.) in instar III to the beginning of instar IV were treated with
various concentrations of bruceine A. The negative control group did not receive any treatment, whereas
the positive control group received 1 ppm temefos. Dead larvae were collected after 24 h of treatment for
the examination of morphological and histological changes.

Results: The negative control group did not exhibit any morphological and histological changes. Larvae
treated with bruceine A, however, had visible damaged heads, cuticles, digestive and respiration tracts,
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ABSTRACT

Euclea crispa is widely used as herbal medicine in southern Africa. This study was aimed at reviewing the botany, ethnomedicinal uses, and validated 
pharmacological properties of E. crispa. The literature search for information on ethnomedicinal uses and pharmacological activities of E. crispa 
was undertaken using databases such as web of science, BMC, science direct, elsevier, scopus, PubMed, and scielo. Other relevant literature sources 
included books, book chapters, websites, theses, conference papers, and other scientific publications. The extensive literature survey revealed that 
the bark, fruits, leaves, and roots of E. crispa are commonly used as herbal medicines for wounds, constipation, cough, stomach disorders, epilepsy, 
rheumatism, and diabetes. Pharmacological studies on E. crispa indicate that the species has amyloid β-peptide lowering effects, antibacterial, 
antidiarrheal, antifungal, and cell membrane disruption activities. E. crispa should be subjected to further scientific evaluations aimed at elucidating 
its chemical, pharmacological, and toxicological properties. Such detailed research should also include experimental animal studies, randomized 
clinical trials, and target-organ toxicity studies involving E. crispa extracts and its derivatives.

Keywords: Euclea crispa, Ethnopharmacology, Indigenous knowledge, Southern Africa, Traditional medicine.

INTRODUCTION

Euclea crispa (Thunb.) Gürke is a member of the Ebenaceae or ebony 
family, which is pantropical in distribution with 600 species [1]. 
Phylogenetic studies carried out by Duangjai et  al. [2] showed that 
family Ebenaceae consists of two subfamilies, Lissocarpoideae and 
Ebenoideae, and four genera, Diospyros L., Euclea Murr., Lissocarpa Benth. 
and Royena L. The family Ebenaceae is a conspicuous forest component 
of tropical and subtropical areas of Africa and Asia, and a major source 
of several economically important products including timber (ebony) 
and edible fruits (persimmons) [2]. Ebenaceae is recognized by its 
fruits which appear such as little persimmons, often brownish, and 
seated on a persistent calyx [3]. A  variety of constituents have been 
isolated and characterized from the family including naphthoquinones, 
terpenoids (especially lupanes, ursanes, oleananes, and taraxeranes), 
benzopyrones, polyphenols, and tannins [1]. The Ebenaceae family is 
characterized by the occurrence of 1, 4-naphthoquinonoid compounds, 
usually in dimeric forms, and often considered as taxonomic markers 
of the plant species belonging to this family [4,5]. At least 20 species 
of the Ebenaceae family are used as herbal medicines to expel 
intestinal worms and to treat and manage viral infections in the Asia 
Pacific region alone [3]. Some members of the Ebenaceae family are 
characterized by nutritious and delicious fruits which contain several 
bioactive phytochemicals such as tannins, proanthcyanidins, and 
flavonoids which impart a diverse array of pharmacological properties 
such as antioxidant activity, anticancer, antihypercholesterolemic, 
antidiabetic, cardioprotective, neuroprotective, antihypertensive, anti-
skin whitening, and antiaging activities [6]. Some naphthoquinones 
are marketed as pharmaceutical drugs and health products, such as 
atovaquone which is used as an alternative agent for malaria and 
Pneumocystis jiroveci pneumonia infection [6].

E. crispa and five other Euclea species, namely Euclea coriacea A. DC., 
Euclea divinorum Hiern, Euclea natalensis A. DC., Euclea racemosa L., 
and Euclea undulate Thunb. are widely used as herbal medicines in 
southern Africa [7-9]. Research by several authors [10-15] showed 
that E. crispa is an important medicinal plant used by both rural and 

urban communities throughout its native distributional range in 
southern Africa. According to Dlamini and Geldenhuys [16], E. crispa is 
regarded as a multipurpose plant species in Swaziland, popular for its 
edible fruits, different plant parts used as herbal medicines, fuelwood, 
charcoal, building material, and fences. E. crispa is used for dyeing 
mats and tanning leather in Malawi and South Africa [16,17], weaving 
baskets and as construction timber in South Africa [17,19]. According to 
Moteetee [20], E. crispa is mixed with Alepidea cordifolia L., Brunsvigia 
radulosa Herb., E. coriacea DC., and Lobelia dregeana and the mixture 
used for washing the divining bones to make them accurate. The fleshy 
part of the fruit is eaten by humans, birds, and animals, and the leaves 
and bark are eaten by game and livestock [11,17-30]. Leaves of E. crispa 
are used to brew an astringent medicinal tea often consumed as a 
tisane or herbal tea by the Khoi and San people of South Africa [31]. 
Bark, root, and stems of E. crispa are sold as herbal medicine in informal 
medicinal plant markets in the Gauteng province, South Africa [32]. It 
is within this context that the ethnomedicinal uses pharmacological 
activities of E. crispa were evaluated [33]. Therefore, this review is 
aimed at assessing if there is a correlation between the ethnomedicinal 
uses of E. crispa and documented phytochemical and pharmacological 
properties of the species. It is hoped that this ethnomedicinal and 
pharmacological information will highlight the value and importance 
of E. crispa as a potential source of a wide range of pharmaceutical 
products in southern Africa and will provide useful information to 
other researchers interested in the plant species.

BOTANICAL PROFILE AND TAXONOMY OF E. UNDULATA

E. crispa belongs to the Ebenaceae or Ebony family confined to Africa 
and Arabia, and in southern Africa, the family is represented by two 
genera, namely Euclea and Diospyros [17,34-40]. Euclea is a small 
genus of about 20 species, mostly trees, shrubs, or suffrutices with 16 
of them recorded in southern Africa [39,41]. The genus name “Euclea” 
is derived from the Greek word “eukleia,” which is derived from “eu” 
meaning “good,” and “kleios” meaning report [42]. This is possibly in 
reference to the good quality wood of some Euclea species, particularly 
that of Euclea pseudebenus E. Mey. ex A. DC. [42]. The specific name is 
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ABSTRACT

Objective: The aim of this study was to determine the protective effect of Chlorella vulgaris (ChV), antioxidant-rich unicellular green alga, and in 
cigarette smoke-exposed rats.

Methods: Male Sprague Dawley rats were divided into 4 groups: Control Group (C), ChV group (300 mg/kg body weight), cigarette smoke-exposed (S) 
group, and S group treated with ChV (S+ChV). Blood samples were drawn from the orbital sinus on days 0, 15, and 30 for the determination of DNA 
damage by Comet assay and plasma malondialdehyde (MDA) using high-performance liquid chromatography. Rats were killed on day 30, and lung 
tissue samples were taken for the evaluation of airspace enlargement and number of inflammatory cells.

Results: Increased DNA damage (1004.8 au + 329.2, day 15; 1102.7 + 197.8, day 30) and high MDA levels (10.66 + 0.27, day 15; 10.29 + 0.9 day 30) 
were found in cigarette smoke-exposed rats on days 15 and 30 but were reduced significantly (p<0.05) when treated with ChV (DNA: 482.6 + 223.3, 
day15; 423.5 + 74.6, day 30 and MDA: 6.1 + 0.6, day15; 6.6 + 2.5, day 30) for both days. Hematoxylin and eosin staining showed that cigarette smoke-
exposed rats had high frequency of airspace enlargement and number of inflammatory cells which were reduced when treated with ChV.

Conclusion: ChV has a protective role in cigarette smoke-exposed rats by reducing oxidative DNA damage, MDA levels, lung cells inflammation, and 
airspace enlargement.

Keywords: Chlorella vulgaris, DNA damage, Malondialdehyde, Inflammatory cells, Airspace enlargement.

INTRODUCTION

Cigarette smoke consists of a complex and reactive mixture of harmful 
chemicals. Majority of these chemicals are hazardous to health and can 
cause chronic inflammatory lung diseases including chronic obstructive 
pulmonary disease (COPD) and respiratory related diseases including 
lung cancer [1]. The generation and accumulation of free radicals as a 
result of smoking and the imbalance between oxidants and antioxidants 
in our body may play a central role in the pathogenesis of smoking-
induced airways diseases such as COPD and emphysema [2,3]. Cigarette 
smoke was shown to induce oxidative stress and apoptosis in human 
lung fibroblasts [4]. Polycyclic aromatic hydrocarbons, a carcinogenic 
agent found in cigarette smoke, intercalate between bases in DNA 
causing damage and initiate the carcinogenic process in lung cells 
[5]. Smoking was also found to increase the number of the goblet and 
inflammatory cells within the epithelium of peripheral airways causing 
chronic bronchitis and airflow limitation [6]. In addition, smoking can 
also cause airspace enlargement in a smoke-induced rat model [7]. 
Airspace enlargement is one of the pathogenesis of emphysema in COPD 
due to chronic lung inflammation that caused an imbalance between 
proteases and anti-proteases causing disruption of extracellular matrix, 
enhanced apoptosis and loss of alveolar units [8].

Alternative medicines have been the focus of recent research in 
ameliorating complications caused by cigarette smoking. Administration 
of Chinese green tea followed by cigarette smoke exposure ameliorated 
lung injury which was associated with decreased oxidative stress 
marker serum 8-isoprostane level, and an increase in lung antioxidant 
enzymes  [9]. Banerjee et al. [10] have shown that cigarette smoke 
exposure to guinea pigs resulted in progressive protein damage, 

inflammation, apoptosis, and lung injury. However, administration 
of Vitamin C (15  mg of Vitamin C/guinea pig/day) prevented the 
pathophysiological changes significantly. Koike et al. [11] showed that 
Vitamin C treatment on SMP30-KO mice after cessation of cigarette 
smoke exposure prevents emphysema as indicated by the pulmonary 
restoration. In addition, Vitamin C diminished oxidative stress, 
increased collagen synthesis, and improved vascular endothelial growth 
factor levels in the lungs. Tualang honey supplementation to smokers 
reduced plasma F2-isoprostane and increased total antioxidant status 
level as well as glutathione peroxidase and catalase activity, suggesting 
that honey reduced oxidative stress in smokers [12]. Broccoli intake 
was associated with increased protection against H2O2-induced DNA 
strand breaks and lower levels of oxidized DNA bases in peripheral 
blood mononuclear cells from smokers [13]. Muda et al. [14] have 
demonstrated that honey supplementation to cigarette smoke-induced 
rats reduced the number of macrophages in the interalveolar septa of 
lungs compared to smoke-induced rats. Carob aqueous extract given to 
rats exposed to water pipe smoke for 8 weeks showed protective effects 
in the liver and kidney functions as well as decreased malondialdehyde 
(MDA) and glutathione levels [15]. Nithya et al. [16] demonstrated that 
thymoquinone restored the damage caused by benzo[a]pyrene (found 
in cigarette smoke) in lung cancer induced Swiss albino mice.

Chlorella vulgaris (ChV) is a unicellular microalga which contains a wide 
variety of antioxidant compounds including beta-carotene, chlorophyll, 
alfa-tocopherol, ascorbic acid, lycopene, lutein, zeaxanthin, Vitamin C, and 
Vitamin E [17,18]. In streptozocin-induced diabetic rats, ChV was shown 
to reduce oxidative stress [19]. Patients with obstructive pulmonary 
disorders supplemented with 2.7 g/day of ChV had a low frequency of 
coughing, shortness of breath, wheezing, and coughed-out sputum. [20]
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