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Instructions to Authors  
Scopes  

Study areas include cell biology, genomics, microbiology, immunology, molecular biology, 
biochemistry, embryology, immunogenetics, cell and tissue culture, molecular ecology, genetic 
engineering and biological engineering, bioremediation and biodegradation, bioinformatics, 
biotechnology regulations, gene therapy, organismal biology, microbial and environmental 
biotechnology, marine sciences. The JJBS welcomes the submission of manuscript that meets the 
general criteria of significance and academic excellence. All articles published in JJBS are peer-
reviewed. Papers will be published approximately one to two months after acceptance. 

Type of Papers 

The journal publishes high-quality original scientific papers, short communications, correspondence  
and case studies . Review articles are usually by invitation only. However, Review articles of current 
interest and high standard will be considered. 

Submission of Manuscript 

Manuscript, or the essence of their content, must be previously unpublished and should not be under 
simultaneous consideration by another journal. The authors should also declare if any similar work has 
been submitted to or published by another journal. They should also declare that it has not been 
submitted/ published elsewhere in the same form, in English or in any other language, without the 
written consent of the Publisher. The authors should also declare that the paper is the original work of 
the author(s) and not copied (in whole or in part) from any other work. All papers will be automatically 
checked for duplicate publication and plagiarism. If detected, appropriate action will be taken in 
accordance with International Ethical Guideline. By virtue of the submitted manuscript, the 
corresponding author acknowledges that all the co-authors have seen and approved the final version of 
the manuscript. The corresponding author should provide all co-authors with information regarding the 
manuscript, and obtain their approval before submitting any revisions. Electronic submission of 
manuscripts is strongly recommended, provided that the text, tables and figures are included in a single 
Microsoft Word file. Submit manuscript as e-mail attachment to the Editorial Office at: 
JJBS@hu.edu.jo. After submission, a manuscript number will be communicated to the corresponding 
author within 48 hours. 

Peer-review Process  

It is requested to submit, with the manuscript, the names, addresses and e-mail addresses of at least 4 
potential reviewers. It is the sole right of the editor to decide whether or not the suggested reviewers to 
be used. The reviewers’ comments will be sent to authors within 6-8 weeks after submission. 
Manuscripts and figures for review will not be returned to authors whether the editorial decision is to 
accept, revise, or reject. All Case Reports and short Communication must include at least one table and/ 
or one figure. 

Preparation of Manuscript  

The manuscript should be written in English with simple lay out. The text should be prepared in single 
column format. Bold face, italics, subscripts, superscripts etc. can be used. Pages should be numbered 
consecutively, beginning with the title page and continuing through the last page of typewritten 
material. 

The text, excluding the abstract, if required, can be divided into numbered sections with brief headings. 
Starting from introduction with section 1. Subsections should be numbered (for example 2.1 (then 
2.1.1, 2.1.2, 2.2, etc.), up to three levels.  
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Manuscripts in general should be organized in the following manner:  
• Title  
• Abstract 
• Keywords 
• Introduction 
• Materials & Methods 
• Results & Discussion 
• Conclusion 
• Acknowledgements  
• References 
 
Brief guidelines 

Title Page 

The title page should contain a brief title, correct first name, middle initial and family name of each 
author and name and address of the department(s) and institution(s) from where the research was 
carried out for each author. The title should be without any abbreviations and it should enlighten the 
contents of the paper. All affiliations should be provided with a lower-case superscript number  just 
after the author's name and in front of the appropriate address.  

The name of the corresponding author should be indicated along with telephone and fax numbers (with 
country and area code) along with full postal address and e-mail address.  

ABSTRACT 

 The abstract should be concise and informative. It should not exceed 350 words in length for full 
manuscript and Review article and 150 words in case of Case Report and/ or Short Communication.. It 
should briefly describe the purpose of the work, techniques and methods used, major findings with 
important data and conclusions. No references should be cited in this part. Generally non-standard 
abbreviations should not be used, if necessary they should be clearly defined in the abstract, at first use. 

Keywords  

Immediately after the abstract, about 4-8 keywords should be given.  Use of abbreviations should be 
avoided, only standard abbreviations, well known in the established area may be used, if appropriate. 
These keywords will be used for indexing. 

Abbreviations 

Non-standard abbreviations should be listed and full form of each abbreviation should be given in 
parentheses at first use in the text. 

INTRODUCTION  

Provide a factual background, clearly defined problem, proposed solution, a brief literature survey and 
the scope and justification of the work done.   

MATERIALS AND METHODS 

Give adequate information to allow the experiment to be reproduced.  Already published methods 
should be mentioned with references. Significant modifications of published methods and new methods 
should be described in detail. Capitalize trade names and include the manufacturer’s name and address. 
Subheading should be used.  

 



RESULTS  

Results should be clearly described in a concise manner. Results for different parameters should be 
described under subheadings or in separate paragraph. Results should be explained, but largely without 
referring to the literature. Table or figure numbers should be mentioned in parentheses for better 
understanding.  

DISCUSSION 

The discussion should not repeat the results, but provide detailed interpretation of data. This should 
interpret the significance of the findings of the work. Citations should be given in support of the 
findings. The results and discussion part can also be described as separate, if appropriate. The Results 
and Discussion sections can include subheadings, and when appropriate, both sections can be combined 

CONCLUSIONS 

This should briefly state the major findings of the study.   

Acknowledgment  

 
A brief acknowledgment section may be given after the conclusion section just before the references. 
The acknowledgment of people who provided assistance in manuscript preparation, funding for 
research, etc. should be listed in this section. 

 Tables and Figures 

Tables and figures should be presented as per their appearance in the text. It is suggested that the 
discussion about the tables and figures should appear in the text before the appearance of the respective 
tables and figures. No tables or figures should be given without discussion or reference inside the text. 

Tables should be explanatory enough to be understandable without any text reference. Double spacing 
should be maintained throughout the table, including table headings and footnotes. Table headings 
should be placed above the table. Footnotes should be placed below the table with superscript 
lowercase letters. Each table should be on a separate page, numbered consecutively in Arabic numerals.    

Each figure should have a ca ption. The caption should be concise and typed separately, not on the 
figure area. Figures should be self-explanatory. Information presented in the figure should not be 
repeated in the table. All symbols and abbreviations used in the illustrations should be defined clearly. 
Figure legends should be given below the figures.  

References  

References should be listed alphabetically at the end of the manuscript. Every reference referred in the 
text must be also present in the reference list and vice versa. In the text, a reference identified by means 
of an author’s name should be followed by the year of publication in parentheses ( e.g.( Brown,2009)). 
For two authors, both authors’ names followed by the year of publication (e.g.( Nelson and Brown, 
2007)).  When there are more than two authors, only the first author's name followed by "et al." and the 
year of publication ( e.g. ( Abu-Elteen et al., 2010)). When two or more works of an author has been 
published during the same year, the reference should be identified by the letters "a", "b", "c", etc., 
placed after the year of publication. This should be followed both in the text and reference list. e.g., 
Hilly, (2002a, 2002b); Hilly, and Nelson, (2004). Articles in preparation or submitted for publication, 
unpublished observations, personal communications, etc. should not be included in the reference list 
but should only be mentioned in the article text ( e.g., Shtyawy,A., University of Jordan, personal 
communication).  Journal titles should be abbreviated according to the system adopted in Biological 
Abstract and Index Medicus, if not included in Biological Abstract or Index Medicus journal title 
should be given in full. The author is responsible for the sccuracy and completeness of the references 



and for their correct textual citation. Failure to do so may result in the paper being withdraw from the 
evaluation process.    Example of correct reference form is given as follows:- 

Reference to a journal publication:  

Bloch BK. 2002. Econazole nitrate in the treatment of Candida vaginitis. S Afr  Med  J , 58:314-323. 

Ogunseitan OA and  Ndoye IL. 2006.Protein method for investigating mercuric reductase gene 
expression in aquatic environments. Appl Environ Microbiol, 64: 695-702. 

  
Hilly MO, Adams MN and   Nelson SC. 2009. Potential fly-ash utilization in agriculture. Progress in 
Natural Sci, 19: 1173-1186. 

Reference to a book:  
Brown WY and White SR.1985. The Elements of Style, third ed. MacMillan, New York.  

Reference to a chapter in an edited book:  
Mettam GR and  Adams LB. 2010. How to prepare an electronic version of your article. In: Jones BS 
and  Smith  RZ (Eds.), Introduction to the Electronic Age. Kluwer Academic Publishers, 
Netherlands, pp. 281–304. 
 
Conferences and Meetings: 
Embabi NS. 1990. Environmental aspects of distribution of mangrove in the United Arab Emirates. 
Proceedings of the First ASWAS Conference. University of the United Arab Emirates. Al-Ain, United 
Arab Emirates. 
 
Theses and Dissertations: 
El-Labadi SN. 2002. Intestinal digenetic trematodes of some marine fishes from the Gulf of Aqaba. 
MSc dissertation, Hashemite University, Zarqa, Jordan.  

 Nomenclature and Units  
Internationally accepted rules and the international system of units (SI) should be used. If other units 
are mentioned, please give their equivalent in SI.  
 
For biological nomenclature, the conventions of the International Code of Botanical Nomenclature, the 
International Code of Nomenclature of Bacteria, and the International Code of Zoological 
Nomenclature should be followed.  
 
Scientific names of all biological creatures (crops, plants, insects, birds, mammals, etc.) should be 
mentioned in parentheses at first use of their English term.   

Chemical nomenclature, as laid down in the International Union of Pure and Applied Chemistry and 
the official recommendations of the IUPAC-IUB Combined Commission on Biochemical Nomenclature 
should be followed. All biocides and other organic compounds must be identified by their Geneva 
names when first used in the text. Active ingredients of all formulations should be likewise identified.  
 
Math formulae  

 
All equations referred to in the text should be numbered serially at the right-hand side in parentheses. 
Meaning of all symbols should be given immediately after the equation at first use. Instead of root 
signs fractional powers should be used.  
Subscripts and superscripts should be presented clearly. Variables should be presented in italics. Greek 
letters and non-Roman symbols should be described in the margin at their first use.  

To avoid any misunderstanding zero (0) and the letter O, and one (1) and the letter l should be clearly 
differentiated.  



For simple fractions use of the solidus (/) instead of a horizontal line is recommended.  
Levels of statistical significance such as: *P <0.05, **P <0.01 and ***P <0.001 do not require any further 
explanation. 

Copyright  

Submission of a manuscript clearly indicates that: the study has not been published before or is not 
under consideration for publication elsewhere (except as an abstract or as part of a published lecture or 
academic thesis); its publication is permitted by all authors and after accepted for publication it will not 
be submitted for publication anywhere else, in English or in any other language, without the written 
approval of the copyright-holder. The journal may consider manuscripts that are translations of articles 
originally published in another language. In this case, the consent of the journal in which the article 
was originally published must be obtained and the fact that the article has already been published must 
be made clear on submission and stated in the abstract. It is compulsory for the authors to ensure that 
no material submitted as part of a manuscript infringes existing copyrights, or the rights of a third 
party.  
 
Ethical Consent 
 
All manuscripts reporting the results of experimental investigation involving human subjects should 
include a statement confirming that each subject or subject's guardian obtains an informed consent, 
after the approval of the experimental protocol by a local human ethics committee or IRB. When 
reporting experiments on animals, authors should indicate whether the institutional and national guide 
for the care and use of laboratory animals was followed.  
 
Plagiarism 
 
The JJBS hold no responsibility for plagiarism. If a published paper is found later to be extensively 
plagiarized and is found to be a duplicate or redundant publication, a note of retraction will be 
published, and copies of the correspondence will be sent to the authors’ head of institute. 

Galley Proofs  

The Editorial Office will send proofs of the manuscript to the corresponding author as an e-mail 
attachment for final proof reading and it will be the responsibility of the corresponding author to return 
the galley proof materials appropriately corrected within the stipulated time. Authors will be asked to 
check any typographical or minor clerical errors in the manuscript at this stage. No other  major 
alteration in the manuscript is allowed. After publication authors can freely access the full text of the 
article as well as can download and print the PDF file. 

 Reprints 

Twenty (20) reprints are provided to corresponding author free of charge within two weeks after the 
printed journal date. For orders of more reprints, a reprint order form and prices will be sent with 
article proofs, which should be returned directly to the Editor for processing.  

Disclaimer 
Articles, communication, or editorials published by JJBS represent the sole opinions of the authors. 
The publisher shoulders no responsibility or liability what so ever for the use or misuse of the 
information published by JJBS. 

Indexing 

JJBS is indexed and abstracted by the Chemical Abstract Service, CAB International Abstracts, 
Zoological Abstract, EBSCO Database, Directory of Open Access Journals, Index Copernicus Master 
List, Open J Gate, NDL Japanese Periodicals Index, Genomics Journal Seek Database, SCImago and 
SCIRUS. 



 
 
 

 المجلة الأردنية للعلوم الحياتية
Jordan Journal of Biological Sciences (JJBS) 

http://jjbs.hu.edu.jo 
Hashemite University  

Deanship of Scientific Research and Graduate Studies 
TRANSFER OF COPYRIGHT AGREEMENT 

 

 
Journal publishers and authors share a common interest in the protection of copyright: authors principally because they want their 
creative works to be protected from plagiarism and other unlawful uses, publishers because they need to protect their work and 
investment in the production, marketing and distribution of the published version of the article. In order to do so effectively, publishers 
request a formal written transfer of copyright from the author(s) for each article published. Publishers and authors are also concerned 
that the integrity of the official record of publication of an article (once refereed and published) be maintained, and in order to protect 
that reference value and validation process, we ask that authors recognize that distribution (including through the Internet/WWW or 
other on-line means) of the authoritative version of the article as published is best administered by the Publisher.  
 
To avoid any delay in the publication of your article, please read the terms of this agreement, sign in the space provided and 
return the complete form to us at the address below as quickly as possible. 
 
Article entitled:-------------------------------------------------------------------------------------------------------------------------------- 
 
Corresponding author: ----------------------------------------------------------------------------- 
 
To be published in the journal: Jordan Journal of Biological Sciences (JJBS) 
 
I hereby assign to the Hashemite University the copyright in the manuscript identified above and any supplemental tables, 
illustrations or other information submitted therewith (the "article") in all forms and media (whether now known or 
hereafter developed), throughout the world, in all languages, for the full term of copyright and all extensions and renewals 
thereof, effective when and if the article is accepted for publication. This transfer includes the right to adapt the 
presentation of the article for use in conjunction with computer systems and programs, including reproduction or 
publication in machine-readable form and incorporation in electronic retrieval systems. 
Authors retain or are hereby granted (without the need to obtain further permission) rights to use the article for traditional 
scholarship communications, for teaching, and for distribution within their institution. 
  
         I am the sole author of the manuscript 
 
         I am signing on behalf of all co-authors of the manuscript 
 

The article is a ‘work made for hire’ and I am signing as an authorized representative of the employing       
company/institution 

 
Please mark one or more of the above boxes (as appropriate) and then sign and date the document in black ink. 
 
Signed:___________________________________________  Name printed: _____________________________________________________ 
Title and Company (if employer representative) : ___________________________________________________________________________ 
Date: _________________________________ 
 
Data Protection: By submitting this form you are consenting that the personal information provided herein may be used by the 
Hashemite University and its affiliated institutions worldwide to contact you concerning the publishing of your article.  
 
Please return the completed and signed original of this form by mail or fax, or a scanned copy of the signed original by e-
mail, retaining a copy for your files, to: 
 
Hashemite University  
Deanship of Scientific Research and Graduate Studies 
Zarqa 13115 Jordan 
Fax: +962 5 3903338 
Email: jjbs@hu.edu.jo 

mailto:jjbs@hu.edu.jo


 

 



 
EDITORIAL PREFACE 
 
 Jordan Journal of Biological Sciences (JJBS) has had another great year. We have seen a 
significant increase in articles submission from both regional and international scholars. The 
editorial board members of JJBS have been very busy throughout the year to maintain 
excellence in the quality publication of accepted papers. As a result, JJBS has been indexed 
by CABI’s Full-Text Repository, EBSCO and is currently under evaluation to be indexed in 
National Library of Medicine’s MEDLINE\ PubMed system and Elsevier’s SciVerse Scopus.  
As in the previous two years, this sixth volume of JJBS will include four issues, ten to twelve 
articles in each issue. In the coming year, it is my vision to have JJBS publishes more 
outstanding papers and review articles from distinguished scholars in various areas of 
biological sciences. In addition, I will be working on the inclusion of JJBS in ISI, which will 
lead to a wider readership and good impact factor. As you read throughout this inaugural 
volume of JJBS, I would like to remind you that the success of our journal depends directly 
on the number of quality articles submitted for review. Accordingly, I would like to request 
your participation by submitting quality manuscripts for review and by encouraging your 
colleagues to do the same. One of the great benefits we can provide to our prospective 
authors, regardless of acceptance of their manuscript or not, is the mentoring nature of our 
review process. JJBS provides authors with high quality, helpful reviews that are shaped to 
assist authors in improving their manuscripts.  
I would like to thank the JJBS International Advisory Board members for their continuous 
support of JJBS. Furthermore, I would like to thank the JJBS Editorial Board members for 
their exceptional work and continuous support to JJBS. My thanks are also extended to the 
Hashemite University and Jordanian Scientific Research Support Fund for their continuous 
financial and administrative support to JJBS.    
Moreover, and as always, I would like to highlight and proudly thank the group of 
authoritative reviewers, both local and international, who have done an outstanding work. We 
are honored to have you on our review list and many thanks for your valuable mentorship and 
contributions you provided to authors. Indeed, we count on your excellent reviews to include 
only high quality articles worthy of publication in JJBS. Together, we strive to make JJBS 
reach a remarkable rank among other international journals. I very much appreciate your 
support to make JJBS one of the most authoritative journals in biological sciences.  
 
 
Prof. Khaled H. Abu-Elteen  
Editor-in-Chief  
Hashemite University  
Zarqa, Jordan  
March 2013  
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Abstract 

Parasitic diseases, especially those defined as neglected diseases by the WHO, remain a major public health predicament, 
which affects hundreds of millions of people especially in developing countries. Furthermore, infectious diseases such as 
HIV, malaria, tuberculosis, diarrhoeal diseases, pneumonia, leishmania and human African trypanosomiasis are responsible 
for one in two deaths in developing countries, where poverty, limited access to health care, drug resistance and a changing 
environment make populations particularly vulnerable. As a consequence, herbal medicines have attracted much attention 
as potential therapeutic agents in the prevention and/or management of parasitic and infectious diseases, as they can yield 
potential leads to address emerging infections and resistance. Indeed, the use of medicinal plants in the treatment and 
management of human and animal diseases has long been practiced before the advent of chemotherapy. The present review 
has endeavoured to provide an overview of the potential of medicinal plants, particularly, those from the African 
biodiversity to target three common parasitic and infectious diseases, namely malaria, leishmania and human African 
trypanosomiasis that have plagued humans since time immemorial.  

Keywords: Medicinal Plants, Chemotherapy, Leishmania, Human African Trypanosomiasis, Malaria 

                                                 
* Corresponding author. e-mail: afakim@cephyr-recherche.com. 

1. Introduction      

It is generally recognized that plants have formed the 
basis of sophisticated traditional medicine systems that 
have existed over millennia. Herbal medical products 
form part of systems of knowledge and practice that has 
been transmitted over centuries and is evolving fast. There 
is also no doubt that human beings rely on them directly 
or indirectly either as alternatives to mainstream 
medication or as isolated molecules that are derived from 
medicinal plants. Traditions like Chinese, Ayurvedic, 
Kampo, Arabic, European Unani, Jamu etc. are all good 
examples.   

In the Western world, the Greeks have contributed 
substantially to the rational development of the use of 
herbal medicines. Theophrastus, in his History of Plants, 
dealt with the medicinal qualities of herbs, and noted the 
ability to change their characteristics through cultivation. 
Dioscorides had started recording the use of medicinal 
plants during his travels with the Roman armies. Galen, 
who practiced and taught pharmacy and medicine in 
Rome, published several books and he is well known for 

his complex formulas used in compounding drugs 
sometimes containing dozens of ingredients (“galenicals”) 
(Heinrich et al., 2004). 

During the period 5-12th century, the remains of this 
western knowledge were preserved in monasteries. 
However, it was the Arabs who were finally responsible 
for the preservation of much of the Greco-Roman 
expertise, and for expanding it to include the use of their 
own resources, together with Chinese and Indian herbs 
unknown to the Greco-Roman world (Bashar et al., 
2008).  

The Arabs were the first to establish privately owned 
drug stores in the 8th century, and it was Avicenna, the 
Persian physician and scientist who had contributed much 
to the sciences of pharmacy and medicine through works 
such as Canon Medicinae, which is regarded as “the final 
codification of all Greco-Roman medicine” (Bashar et al., 
2005) 

Nowadays, plant-based systems of medicine continue 
to play an essential role in health care. The World Health 
Organization has estimated that approximately 80 % of 
the world’s inhabitants rely mainly on traditional 
medicines for their primary health care (Anon, 2008). 
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Plant products also play an important role in the health 
care systems of the remaining 20 % of the population 
residing mainly in the developed countries. It has been 
estimated that in the United States from 1959 to 1980, 
about 25 % of prescriptions contained plant extracts or 
active principles derived from higher plants, and at least 
119 chemical substances have been derived from 90 plant 
species. Of the 119 drugs, 74 % were discovered as a 
result of chemical studies directed at isolating the active 
substances from plants used in traditional medicine. In 
addition, the use of so-called complementary or 
alternative herbal products has expanded in recent years 
(Cragg and Newman, 2007).  

Whilst it is often acknowledged that traditional 
medicine works, there still exists gap in the scientific 
study of the complex products from such traditions.  Such 
is the challenge that faces ethnopharmacology even 
though it is increasingly being acknowledged that many 
types of diseases, including such common ones as vector-
borne diseases: diarrhea or tuberculosis are still 
commonly treated and/or managed with herbal medicines.  

There is also a growing use of plants to manage or 
treat HIV/AIDS or other emerging or fast spreading 
diseases (like viral respiratory diseases). Novel treatment 
strategies are needed for all diseases and in recent years, 
herbal medicines from such traditions have received 
particular attention in the management (prevention or 
treatment) of chronic diseases like diabetes, chronic 
disorders and many forms of cancer.  

In spite of the availability of antibiotics and vaccines, 
parasitic and infectious diseases still pose serious 
challenge in developing countries. Today, we are further 
away from controlling parasitic diseases than we were 30 
years ago (Coker et al., 2008; Nunkoo and 
Mahomoodally, 2012). Infectious diseases and parasitic 
protozoa remain a major threat to the health of the 
population throughout the world. However, while there 
are few effective medicines for the treatment of many 
protozoal diseases, therapies for malaria, leishmaniasis 
and trypanosomiasis related diseases are severe threat to 
more than 2 billion people who reside in the developing 
world. 

Interest in plant products has been stimulated by the 
identification of the antiplasmodial activity of the 
sesquiterpene lactone artemisinin. This experience is not 
being ignored; on the contrary, it is being reinforced as 
plants have frequently provided template molecules on 
which to base further novel structures. This has been the 
case, at least, for the past 50 years where antimicrobials 
and anti-parasitic medicines have been identified from the 
products of fungi and bacteria and this further 
consolidates the need to look into these resources for 
novel leads.  

It has been observed that parasitic diseases usually 
cannot be treated with a single compound. It is also a fact 
that pure natural products while serving as lead structures 
have restricted use in humans as they have associated 
toxicity. On the other hand, many natural compounds with 
a desired profile of activity have low toxicity but cannot 
progress into preclinical studies because of their low 
bioavailability and/or poor solubility. Nonetheless, 
chemists have been able to create safer compounds which 

are close to the lead compound and have reduced toxicity; 
greater bioavailability and with reduced toxicity. There 
are nonetheless, gaps in our knowledge in terms of safety 
and general interactions with other medicines. Thus, the 
potential that natural products present in terms of 
potential development along with the talents of synthetic 
chemists can contribute to both anti-parasitic drug 
research and aim at producing new and urgently needed 
medicines in the future. 

Parasitic diseases, especially those defined as 
neglected diseases by the WHO, remain a major public 
health problem, which affects hundreds of millions of 
people especially in developing countries. Among the 
important life-threatening diseases is malaria and it is the 
single most important cause of ill health, mortality and 
poverty in Sub-Saharan Africa. It kills on average 1.5 
million people annually and the majority of them being 
children (WHO, 2010). The re-emergence of malaria in 
many parts of the world is due to the rapid increase of 
resistance to most of the available anti-malarial drugs, as 
well as resistance of vectors to insecticides. Drug-resistant 
strains of P. falciparum are emerging in many endemic 
areas of the world highlighting the failure of conventional 
antimalarial drugs. The difficulty over the past decades at 
creating an efficient vaccine as well as the observed side 
effects of existing anti-malarial  medicines have implied 
the urgent necessity to research and develop well-
tolerated anti-malarials drugs both for the treatment of the 
prophylaxis and to help eliminate the parasite (Krishan et 
al., 2006; Willcox and Bodeker, 2004). 

2. Malaria  

Despite all efforts made to eradicate malaria, the 
mortality and morbidity still increase each year mainly 
because of drug resistance of Plasmodium falciparum. 
WHO estimates that with 300-500 million clinical cases 
and more than 2 million deaths each year, malaria remains 
one of the three most deadly communicable diseases in 
the world (WHO, 2010).  History has revealed that plants 
are still important sources of medicine against malaria 
(Musuyu Muganza et al., 2012).  

The classical antiprotozoal drug that has been used 
against malaria is quinine, extracted from the Cinchona 
bark. Whilst it is still occasionally being used, it has 
served a very important purpose, especially in the wake of 
growing resistance to P. falciparum – it has been used as 
a template for the production of newer semi-synthetics 
such as chloroquine, mefloquine and others, which are 
under development.  

The discovery of Artemisinin, derived from the Asiatic 
wormwood, Artemisia annua has boosted research on 
plants with potential for treating malaria. The 
antiprotozoal potential of sesquiterpenes and 
sesquiterpene endoperoxide in addition to artemisinin has 
been extensively sought after ever since the potential of 
the latter has been demonstrated against malaria. The 
exocyclic methyl lactone found in Parthenin (identified as 
the allergic principle in some medicinally used plants 
especially those derived from the Asteraceae family) is 
showing promise against P. falciparum, in vitro. 
Parthenin derivatives with the exocyclic methyl lactone 
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have been synthesized and retested. Artemisinin has also 
given the more stable derivative – Artemether. With the 
observed and confirmed activity of Artemisinin, the 
antiplasmodial flavonoids (Figure 1) from Artemisia 
annua have attracted renewed interest. Recently, it has 
been demonstrated that the methoxylated flavonones 
artemetin and casticin can act synergistically with 
artemisinin against P. falciparum in vitro. Other studies 
on the Artemisia genus have generated interesting results. 
For instance, Artemisia vulgaris from Thailand have led 
to the isolation of sakuranetin and 7-
methoxyaromadendrin which are very active, in vitro 
(Phillipson and Wright, 1991; Pradines et al., 2011; 
Muthaura et al., 2011). 

The Asteraceae family has also contributed other 
interesting plants - the Vernonia species. It was the 
observations made on wild chimpanzees chewing the 
young stems of Vernonia amygdalina have led to the 
isolation of vernodalin and vernolides and 
hydroxyverniladin (Ohigashi et al., 1994). These 
molecules are nowadays being tested for their antitumor 
properties (Khalafalla et al., 2009). 

Interestingly, while Artemisia afra does not contain 
the exocyclic methyl lactone, it has been used on the 
continent against malaria (Gathirwa et al., 2007). Recent 
investigations on this plant are showing interesting 
applications in controlling mycobacterial applications 
(Ntutela et al., 2009). Another African Asteraceae 
showing promise is Dicoma tomentosa. This plant is 
being used in Burkina Faso against malaria. The active 
compound, with moderate activity, was urospermal A-15-
O-acetate. Studies are ongoing to further assess the safety 
of this plant by the local population (Jansen et al., 2012). 

Other molecules isolated from plant sources comprise 
Lapacho, which contains quinone and also exhibits 
antiprotozoal properties. It is also used against cancer 
treatment. Diospyros spp. are also used by local people 
for similar purposes. Prenylated xanthones isolated from 
plants from the Clusiaceae family, namely Garcinia cowa, 
have demonstrated significant activity against P. 
falciparum in vitro. Cowaxanthone has displayed an 
antiplasmodial potential comparable to pyrimethamine. 
While several biological properties (antibacterial, 
antifungal and cytotoxic) have been attributed to the 
xanthones, there are very few reports on the 
antiplasmodial activity of these compounds (Riscoe et al., 
2005; Mahabusarakam et al., 2006).  

Finally, one species that has shown promise in vitro is 
Cryptolepin, isolated from Cryptolepis sanguinolenta 
(Periplocaceae) was also found to be active, in vitro, 
against P. falciparum (Cimanga et al., 1997). Clinical 
studies have been performed on this plant extract with a 
view to comparing its efficacy with that of chloroquine 
using the WHO extended 7 days in vivo test to measure 
patients with parasitaemia response. A number of malaria 
patients with parasitaemia of 10.000-100.000 P. 
falciparum per 8000 white blood cells were used. The 
results indicated that the efficacy of an aqueous extract 
was comparable to that of chloroquine. Interestingly, no 
recrudescence of parasitaemia occurred after a follow-up 
period of 21 days. Other clinical symptoms such as fever, 

headaches etc. cleared faster in the group treated with the 
herbal preparation (Boye et al., 2002). 

Figure 1. Examples of anti-malarial secondary 
metabolites. Artesunate is a semisynthetic derivative of 
artimisinine (Wink, 2012). 

3. Leishmania 

Leishmaniasis is a severe human disease that is 
endemic to Africa, America, the Indian subcontinent, 
subtropical South West Asia as well as many parts of the 
Mediterranean. In 2009, the disease had accounted for 50, 
000 deaths and affected nearly 10 million people 
worldwide (WHO, 2010). The disease currently threatens 
about 350 million people in 88 countries around the 
world, with about 2 million affected annually (Musuyu 
Muganza et al., 2012). The clinical manifestations vary 
with the species of the protozoa. They are obligatory 
intracellular protozoans living in macrophages of 
mammalian hosts. The extra cellular stage, the 
promastigote, is introduced into subcutaneous tissues in 
the human host during the bite of an infected sand-fly 
vector, Phlebotomus (Old World) and Lutzomyia (New 
World). The promastigote is phagocytosed by a 
mononuclear phagocyte, after which it converts into the 
obligatory intracellular form, the amastigote. There are 
two general forms of the disease: visceral leishmaniasis 
caused by L. donovani and L. infantum = L. chagasi and 
tegumentary leishmaniasis caused by several dermatropic 
species of Leishmania. This disease is the third largest 
after malaria and filariasis. Visceral Leishmania causes 
almost 5000.000 new cases per year globally and almost 
90% occurring in just 5 countries (India, Brazil, 
Bangladesh, Nepal and Sudan). The tegumentary form of 
the disease, although not as killing as the visceral form, 
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affects over 1.5 million and causes disfigurement, 
disability and associated social and psychological stigma.  

There is at present, no vaccines against this disease 
and most of the medicines are mineral based. 
Unfortunately, such medicines elicit toxic effects, 
teratogenicity as well as increasing resistance. Antifungal 
polyene antibiotic is being used in industrialized countries 
but there have been some relapses in cases of joint 
infections HIV/L. infantum. Often the control of this 
disease includes the use of pesticides to destroy the 
vector, improvement of the hygiene and water supplies, as 
well as targeting the parasite. The latter often takes 
different forms throughout its lifecycle, making 
elimination difficult. 

The lack of an effective antileishmanial medicine has 
caused a renewed interest in the study of medicinal plants 
as source of new chemotherapeutic compounds with 
better activities and fewer side effects (Khaliq et al., 
2009). Natural products in an era of rational drug design 
still play an important role in the search for new active 
drugs as they represent valuable lead structures that can 
de developed further into useful therapeutics. Cragg and 
Newmann (2007) have shown that many of the drugs 
approved recently are derived from natural sources. 
Cordell also reported that ‘natural products offer a 
diversity of structures that simply cannot be matched 
through even the most active imaginations of the synthetic 
chemist (Cordell, 2000).  

The search from Nature is on and many compounds 
are still being discovered with good antileishmanial 
activities. Garcinia lucida (Clusiaceae) have yielded 
chelerythrine derivatives, which manifest significant 
activities against L. donovani (Fotie et al., 2007). 
Artemisinin from Artemisia annua leaves and seeds 
(Islamuddin et al., 2012, Sen et al., 2007), alkenyl phenol 
(gibbilimbol B), isolated from Piper malacophyllum, has 
been found, for the first time, to trigger induction of cell-
cycle arrest and apoptosis and disrupt the leishmania 
plasma membrane upon initial incubation, in vitro. 
Derivatives are currently being synthesized for the 
development of therapeutic agents against both 
leishmaniasis and Chagas diseases (de Oliviera et al., 
2011).  

Recent screenings of essential oils from Coriandrum 
sativum, Lippia sidoides and the oleoresin from 
Copaeifera reticulata on the promastigotes and 
amastigotes of Leishmania chagasi have shown that the 
resin of C. reticulata could be a viable option for 
analyzing the in vivo therapeutic effects of leishmanicidal 
plants (Rondon et al., 2012).  

A number of natural products have already been 
screened. Among natural products from marine sources 
cyclic peptides, various flavonoids, chalcones, lignans, 
coumarins, iridoids, monoterpenes, saponins, toxoids, 
curcumin, quinoline alkaloids, and polyketides exhibit 
interesting anti-leishmanial activities. Active flavanones 
and flavonoids were reported from Baccharis 
retusa(Asteraceae) and Kalanchoe pinnata (Crassulaceae) 
(Wink, 2012). Warifteine, a Bisbenzylisoquinoline 
alkaloid, isolated from Cissampelos sympodialis is also an 
attractive candidate as it induces changes in the parasite 
morphology and notwithstanding the fact that the plant is 

commonly being used in Brazilian folk medicine against 
various diseases (da Silva et al., 2012). Allicin (diallyl 
thiosulphinate), extracted from garlic, has been tested for 
its anti-leishmanial activity. The low toxicity of 
mammalian cells of this compound has opened avenues 
for a combined therapy against leishmania infections 
(Jesus Corral-Caridad et al., 2012).  

A very promising phytochemical, peganine 
hydrochloride dihydrate was identified as an orally active 
antileishmanial lead molecule from the seeds of Peganum 
harmala. P. harmala Linn, commonly known as ‘harmal’ 
belonging to the family Zygophyllaceae, is one of the 
most important medicinal plants of India. Its different 
parts are used in traditional systems of medicine for the 
treatment of variety of human ailments. The potent 
compound showed a simple structure, easily 
synthesizable, non-toxic to hosts and induces apoptosis- 
like cell death in L. donovani. The binding interactions 
between compound 1 from L. donovani and DNA 
topoisomerase I in molecular modeling studies (docking) 
and experimental studies suggested that the apoptosis like 
cell death appears to be due to L. donovani’s 
topoisomerase I inhibition by 1. Further work is under 
consideration to study the pharmacokinetic, 
pharmacodynamic and toxicological studies of compound 
1 and also to synthesise the analogues of 1 to develop 
more potent anti-leishmanial agent than natural lead 
(Misra et al., 2008). 

4.  Human African Trypanosomiasis 

Human African trypanosomiasis (HAT) is a fatal, if 
untreated, fly-borne neuroinflammatory disease caused by 
protozoa of the species Trypanosoma brucei (T.b.). The 
increasing trend of HAT cases has been reversed, but 
according to WHO experts new epidemics of this disease 
could appear (Seke and Mahomoodally, 2012).  

In sub-Saharan Africa, several Trypanosoma species 
cause important veterinary diseases, but only two cause 
significant suffering in man: Trypanosoma b. gambiense 
and Trypanosoma b. rhodesiense, respectively, causing 
chronic and acute sleeping sickness. Indeed, HAT is still a 
considerable burden for quality of life and economy in 36 
sub-Saharan Africa countries with 15-20 million persons 
at risk. HAT may results in a 100% mortality rate if left 
untreated (Musuyu Muganza et al., 2012). Following joint 
initiatives of WHO and private partners, the fight against 
HAT was re-engaged, resulting in considerable 
breakthrough. Although HAT has had a heavy toll on the 
health and economy of about 36 African countries, 
effective and satisfactory chemotherapy has not been 
found against the causative agents; Trypanosoma brucei 
gambiense which is responsible for chronic form of HAT 
in West and Central Africa, and Trypanosoma brucei 
rhodesiense, the etiological factor for the acute form of 
the disease in East Africa.  

To this effect, the last few decades have witnessed a 
plethora of investigations which have been geared to 
investigate the effect of common traditionally-used 
medicinal plants in alleviating the cellular changes in vivo 
produced during the T. b. brucei infections of rats. A 
number of medicinal plants and secondary metabolites 
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isolated from them have been screened for anti-
trypanosomal activity. Traditional knowledge was the 
basis for the selection of plants and one study included 
Landolphia uniflora, Momordica balsamina pulp, Aloe 
vera pulp, Annona senegalensis, Securidaca 
longipenduculata root and root bark. Based on folk 
medicines they were claimed to possess antiprotozoal 
activity and alleviate one or many of the clinical 
symptoms such as intermittent fever, immunosuppression, 
anemia, jaundice and hepatomegaly commonly associated 
with trypanosomiasis. Interestingly, it was found that 
these plants had the potential in the management of HAT 
due to T. b. brucei. Momordica balsamina and S. 
longipenduculata were found to possess the highest 
potential since they are able to control anemia by resisting 
sudden drop in packed cell volume values (Abubakar et 
al., 2005). 

Recently, Musuyu Muganza et al. (2012) reported in 
vitro antiprotozoal and cytotoxic activity of 33 
ethonopharmacologically selected medicinal plants from 
Democratic Republic of Congo. It was found that most of 
the tested extracts exhibited pronounced (IC50 ≤ 5 µg /ml) 
or good (5 < IC50 ≤ 10 µg/ml) antiprotozoal activity 
against one or more of the selected protozoa. A total of 19 
plant extracts inhibited Trypanosoma b. brucei, especially 
the extract from Isolona hexaloba stem bark (IC50 = 1.95 
µg /ml, SI = 16.5); 8 plant extracts were active against 
Trypanosoma cruzi, the extracts from Enanatia 
chlorantha stem bark and Quassia africana root bark 
being the most active with IC50 values of 1.87 and 1.88 
µg/ml, respectively (SI = 3.0 and 3.3, respectively); 8 
plant extracts showed activity against Leishmania 
infantum, with extracts from Napoleona vogelii stem bark 
and Quassia africana root bark as the most active with 
IC50 values of 5.66 and 5.04 µg/ml (SI = 11.3 and 1.2). 
Finally, the authors reported 9 plant extracts inhibited 
Plasmodium falciparum K1 with the extracts from 
Quassia africana (root bark and stem bark) being the 
most active ones with IC50 values of 0.46 and 1.27 µg/ml 
(SI = 13.7 and 13.6). Extracts from Enantia chlorantha 
stem bark, Piptadeniastrum africanum stem bark and 
Quassia africana root bark were cytotoxic for MRC-5 
cells (CC50 < 10 µg /ml). 

In another study, extracts of Hymenocardia acida stem 
bark exhibited significant trypanocidal activity whereas 
Gardenia erubescens and Lophira lanceolata were 
effective at Minimum Inhibitory Concentration (MIC) of 
20 mg/ml (Abu et al., 2009). Nigerian plants were also 
evaluated in vitro for trypanocidal activity against T.b. 
brucei and T. congolense at concentrations of 4 mg/ml, 
0.4 mg/ml and 0.04 mg/ml. It was found that extracts of 
Khaya senegalensis, Piliostigma reticulatum, Securidaca 
longepedunculata and Terminalia avicennoides were 
strongly trypanocidal to both organisms while extracts of 
Anchomanes difformis, Cassytha spp, Lannea kerstingii, 
Parkia clappertioniana, Striga spp, Adansonia digitata 
and Prosopis africana were trypanocidal to either T. b. 
brucei or T. congolense. Kigelia africana, from Kenya 
was also evaluated in vivo and was found that the 
dichloromethane fruits extract of K. africana tested at a 
dose of 2000 mg/kg was effective, curing 60% of the 
Swiss white mice that had previously been inoculated 

with T. b. rhodesiense KETRI 3798 (Atawodi et al., 2003; 
Peter et al., 2009). 

In another investigation, Scoparia dulcis was 
evaluated on the population of immune cells during a 28 
day experimental T. brucei infection in rabbits. The result 
obtained showed that infection resulted in an initial rise in 
both total WBC and the absolute number of circulating 
lymphocytes followed by a progressive decrease in total 
WBC and all WBC subtypes (lymphocytes, monocytes 
and granulocytes), although the percentage of 
lymphocytes remained consistently higher than normal 
throughout the study period. These changes were 
consistent with the development of trypanosome-induced 
immunosuppression in their mammalian host and 
interestingly, treatment with S. dulcis at a daily oral dose 
of 25 mg/Kg body weight was found to significantly 
reduce the severity of the observed lesions when 
compared with untreated infected animals. Thus S. dulcis 
was classified as a potential herb that had demonstrated 
significant potency in protecting against the parasite 
induced decrease in the population of immunologically 
active cells (Orhue et al., 2009). 

From the above key investigations, it is clear that these 
findings provide strong evidence of the potential 
beneficial effects of phytotherapy in the traditional 
management of trypanosomiasis, which could be 
subsequently developed into a cost effective alternative 
medicine to complement treatment of trypanosomiasis. 

Nonetheless, several investigations tend to suggest that 
it is often difficult to probe the exact mode of action by 
which these plants extracts exhibit their trypanocidal 
action. Indeed, the possible mechanisms by which these 
plants extracts and phytochemicals therein carry out this 
role remain a subject of great speculations and debate in 
the scientific community. Several possible mechanisms 
working separately or in concert may account for the 
observed effect (Orhue et al., 2009). 

In one study, it was suggested that different phyto-
compounds could be responsible and operate in a 
synergistic effect for the observed anti-trypanocidal 
activities. Interestingly, preliminary phytochemical 
screening of potent plants against trypanosome showed 
the presence of known bio-active compounds such as 
saponins, tannins, flavonoids and alkaloids in the crude 
plant extracts tested. Several authors have also identified 
or isolated tannins and phenolic compounds, flavonoids 
and alkaloids in plants that showed significant 
trypanocidal activities (Freiburghaus et al., 1996). Active 
natural products include several groups of alkaloids, 
phenolics, saponins, cardiac glycosides, other terpenoids, 
and polyacetylenes (common in Apiaceae, Asteraceae and 
Araliaceae). Although some natural products are active in 
the sub-micromolar range and show good selectivity, only 
few have been studied in vivo in an animal model. None 
of these results have been translated into clinical practice 
(Wink, 2012). 

Accumulated evidence also suggest that many natural 
products exhibit their trypanocidal activity by virtue of 
their interference with the redox balance of the parasites 
acting either on the respiratory chain or on the cellular 
defenses against oxidative stress. For instance, the 
observed trypanocidal activity of K. africana extract was 
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justified due to the increase of oxygen consumption and 
stimulation of hydrogen peroxide production in the 
protozoan cell. Trypanosoma do not have the same 
biochemical mechanism as mammalian cells for dealing 
with excess peroxide and consequent oxygen free radicals 
(Peter et al., 2009). Furthermore, it is proposed that 
natural products possess structures capable of generating 
radicals that may cause peroxidative damage to 
trypanothione reductase that is very sensitive to 
alterations in redox balance. It is also known that some 
agents act by binding with the kinetoplast DNA of the 
parasite. 

On the other hand, investigations undertaken by 
Freiburghaus et al. (1996) and Atawodi et al. (2003) have 
clearly indicated that different solvent extracts of the 
same plant may exhibit different trypanocidal activity just 
as extracts of different parts of the same plants. Therefore, 
the statement that a plant is trypanocidal or not should be 
taken within the context of the solvent used and the parts 
investigated. On the other hand, out of the 40 plant 
extracts tested by Nibret and Wink et al. (2010) and 
Nibret et al. ( 2010), the dichloromethane extract from 
stem bark of Warburgia salutaris (claimed to be used 
against many pathologies in many parts of Africa) was 
found to exhibit the most potent trypanocidal activity. The 
trypanocidal activity was suggested to be due to the 
drimane sesquiterpenoids (warburganal, polygodial). 
Concerning the mechanism, it was proposed that the two 
sesquiterpene aldehydes, warburganal and polygodial, 
formed covalent bonds with amino groups of proteins and 
affect a vast number of cellular activities. In another 
groundbreaking in vitro study, the authors were able to 
isolate the pregnane glycosides from genus Caralluma (C. 
Penicillata, C. tuberculata and C. russelliana) and 
evaluated for the trypanocidal activity. It was found that 
the penicilloside E possess the highest anti-trypanosoma 
activity followed by caratuberside C, which exhibited the 
highest selectivity index (Abdel-Sattar et al., 2009). 

Studies have shown that it is probable that the etiology 
of trypanosome-induced leucopenia in rabbit may be 
similar to the case with trypanosome-induced anemia. 
There has been striking indications that the onset of 
anemia in HAT may be strongly related to disruption of 
erythrocyte membrane caused directly by parasite attack 
on red cells. It has also been suggested that products 
secreted by the parasite may play a significant role in the 
disruption of red cell membrane. 

Reduction in red cell membrane sialoglycoprotein 
secondary to elevated activity of plasma sialidases 
promotes the rapid destruction of erythrocytes. A role for 
parasite and macrophage-derived free radicals and 
proteases in the pathogenesis of trypanosome-induced 
anemia has also been postulated (Orhue et al., 2009). The 
possibility that S. dulcis or certain components of the herb 
may help stabilize the membrane of blood cells cannot be 
out rightly dismissed. Specifically, the anti-oxidant or free 

radical scavenging properties of S. dulcis, may play vital 
roles in this regard especially against the backdrop of the 
role of free radicals in the pathogenesis of T. brucei 
infection. Furthermore, increased production of blood 
cells may help in replenishing of these cells. In the 
absence of any evidence of possible trypanocidal activity 
for the herb, it does not seem an attractive option to 
speculate that the higher level of immunological cells in 
treated animals could be due to the destruction of the 
parasite by agents native to the plant (Orhue et al., 2009). 

Trypanosomes lack catalase and glutathione 
peroxidases but have evolved a unique system with 
trypanothione to detoxify hydroperoxide. Trypanothione 
is built from two molecules of glutathione and one 
molecule of spermidine (Figure 2). Inactivation of the 
enzymes of trypanothione, spermidine or glutathione 
biosynthesis or of trypanothione directly will lead to death 
of the parasite. The synthetic drug eflornithine (see above) 
inhibits ornithine decarboxylase which is important for 
spermidine biosynthesis. It is likely that secondary 
metabolites which can bind to the SH-group of 
trypanothione exhibit anti-trypanosomal activity. This has 
been shown for polyacetylenes which carry a reactive 
triple bond that can easily alkylate SH groups; e.g., the 
polyacetylene Carlina oxide from Carlina acaulis 
(Asteraceae) (Figure 2) and polyacetylenes from ginseng 
(Panax ginseng) have significant cytotoxic activity 
against T. b. brucei but are hardly toxic to human cells. 

On the other hand, (Adeyemi et al., 2009) have 
showed that Psidium guajava leaf extract has trypanocidal 
properties and has attributed these effects in parts to the 
broad antimicrobial and iron chelating activity of 
flavonoids and tannins respectively. They have also 
proposed that iron chelation is an effective way of killing 
trypanosomes and the prime target is the enzyme, 
ribonucleotide reductase whose activity is central to DNA 
synthesis prior to cell division as depicted in 
trypanosomiasis infection. 

Another target is DNA topoisomerase I; camptothecin, 
a known inhibitor of DNA Topo I also inhibits T. brucei 
with an IC50 of 1.5 μM. The aporphine alkaloid dicentrine 
which is present in Papaveraceae and Lauraceae inhibits 
DNA Topo II and is active against trypanosomes. 
Inhibitors of farnesyl transferase and tubulin 
polymerisation (e.g., vinblastine, sanguinarine) have 
substantial anti-trypanosomal activities (Wink, 2012).  

Moreover, a plant with high in vitro trypanocidal 
activity may have no in vivo activity and vice versa, 
because of peculiarities in the metabolic disposition of the 
plant’s chemical constituents. Therefore, plants found to 
be active in the above-mentioned investigations must be 
tested in vivo and tested clinically before a definite 
statement can be made on their trypanocidal potentials 
(Atawodi et al., 2003). 
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Figure 2. Reduced and oxidised form of trypanothione and 
carlina oxide which can block the SH-groups of trypanothione 
(Wink, 2012). 

5.  Conclusion And Future Perspectives 

Evidently, many investigators indicate that traditional 
medicines might offer potential template molecules in the 
drug discovery process. Indeed, the discovery of 
compounds with anti-parasitic and antimicrobial activities 
from traditional medicinal plant remedies remains a 
medically and potentially challenging task. For malaria 
and trypanosomiasis quite a number of medicinal plants 
and isolated natural products such as alkaloids, phenolics, 
saponins, cardiac glycosides, and terpenoids, amongst 
others have already been tested, but for most of the other 
parasitic diseases such information is largely missing. 

On the other hand, to adventure in such an endeavor, 
highly reproducible and robust innovative bioassays are 
needed in view of our limited understanding of the multi-
factorial pathogenicity of such infectious diseases. To this 
effect, it is of utmost importance for investigators to 
embark and devise new automated bioassays with special 
emphasis on high through-put procedures that can screen 
and process data from a panoply of phytochemicals within 
shorter time lapse. Additionally, these procedures should 
also attempt to rule out false positive hits and de-
replication methods to remove nuisance compounds. The 
ultimate goal will be to establish structure-activity 
phytochemical libraries to boost new antimicrobials drug 
discovery.  

Nonetheless, despite continuous comprehensive and 
mechanism-orientated evaluation of medicinal plants 
worldwide, there is still a dearth of literature coming from 
the last decade’s investigations addressing procedures to 
be adopted for quality assurance, authentication and 
standardization of crude plant products. Finally, above 
and beyond simple in vitro and in vivo assays, randomized 
controlled trials using standardized products or products 

containing pure plant extracts must be carried out and 
reported for each claim. 
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Abstract 

Present investigation reports the mutagenic efficacy of sodium azide with a view to study its effects on meiotic behavior and 
phenotypic quantitative traits of Brassica campestris L. Seeds were treated with three concentration of sodium azide i.e. 
0.3%, 0.5% and 0.7%, along with control. Morphological/phenotypic parameters studied were plant height, number of 
primary branches, number of secondary branches, seeds/siliqua, husk yield, seed yield and 1000-seed weight.  All these traits 
showed the significant positive shifts in mean at 0.3% and 0.7% doses of azide as compared to control and 0.5% dose.  
However, cytogenetic assessment of the treated plants clearly revealed the preponderance of stickiness distributed in all the 
phases of meiotic division that persisted up to the tetrad stage. The phenomenon displayed mild to severe case of stickiness 
on the basis of number of genome involved during meiosis.  Manifestation of stickiness has also been resulted in several 
other meiotic abnormalities such as bridge (1.88%), unorientation (0.64%), micronuclei (1.38%), asynchronous division 
(0.77%), and precocious chromosomes (3.89%) along with some other anomalies (laggards, univalents etc.). Frequency of 
these anomalies along with severe stickiness was higher at 0.5% dose of azide that must have compromised with pollen 
fertility resulting declined fertility rate. Though, pollen fertility at 0.3% and 0.7% doses had not been much affected and had 
fallen near control. Thus, from present investigation inference can be drawn that the sodium azide induced stickiness might 
have resulted in some meiotic mutant that has imposed some novel genetic combinations thereby positively affecting 
morphological traits of the crop. 
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1. Introduction      

Economies all over the world understand that rapid 
urbanization and industrialization are the surest ways of 
achieving accelerated economic growth (Oliveria, 2011). 
However, these cause many other problems such as 
population explosion, lack of agriculture field and 
environmental pollution that ultimately results in an 
increasing food scarcity. There is a growing food 
shortage problem in many areas around the world and is 
becoming a matter of worldwide concern. Thus, to 
overcome the drastic situation of food shortage and 
increasing world food security, mutation breeding is an 
effective, inexpensive and dependable approach. Since 
food crop varieties embedded with various induced 
mutations have contributed to the significant increase of 
crop production (Kharkwal and Shu, 2009). It paves a 
path to induce genetic variability in some economic 
important self pollinated crops where 
crossing/hybridization is quite difficult viz.  wheat 
(Srivastava et al., 2011) and fenugreek (Chaudhary and 
Singh, 2001; Basu et al., 2008). Hence, utilization of 

mutagenesis, undoubtedly, capable of increasing genetic 
variability in number of crops as reported by 
(Mahandjiev et al., 2001; Tai et al., 2007; Khan and 
Goyal, 2009; Kozgar et al., 2011; Srivastava et al., 
2011). Mutations are the tools that being used to study 
the nature and function of genes which are the building 
blocks and basis of plant growth and development 
thereby, producing new raw materials for genetic 
improvement of economic important crops (Adamu and 
Aliyu, 2007). Till to date, several mutagens have been 
known to us that are used in mutation breeding and 
proved to be valuable in the achievement of crops with 
beneficial and desired traits such as high yield and 
resistant mutant (Mahmoud et al., 2006; Tomer et al., 
2007; Basu et al., 2008; Srivastava et al., 2011). 

Chemical mutagenesis is considered as an effective 
means in improving the yield and quality traits of crop 
plants (Srivastava et al., 2011). Among numerous 
alkylating chemical mutagens such as ethyl methane 
sulphonate (EMS), sodium azide, hydrazine hydrate etc., 
sodium azide had been and is still used as potent 
mutagens in variety of crop improvement programs. Its 
mutagenic potential has been reported in several 
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screening assays (Raicu and Mixich, 1992; Grant and 
Salamone, 1994; Srivastava and Kapoor, 2008; 
Srivastava et al., 2011). Notwithstanding the potency, 
sodium azide is marginally mutagenic in humans and 
animals (Sadiq and Owais, 2000) thus safe to use. 

Brassica is the important oilseed crops throughout the 
world which rank third among the oilseed crops after 
soybean and oil palm in production of vegetable oils 
(Kauser et al., 2006). It is the most economically 
important genus in the Brassicaceae family (syn. 
Cruciferae) which contains little fat, and is sources of 
vitamins, minerals, and fiber (Cardoza and Stewart, 
2004). The plant is also used to produce a high 
quality protein and after extraction of this oil, the residual 
high protein meal can be soaked in water and fed to cattle 
(Downey, 2003). 

Thus, considering the above points in mind, the 
present study was performed to appraise the mutagenic 
effectiveness and efficacy of sodium azide on the 
chromosomal behavior and morphological characters of 
Brassica campestris L. Also, it was aimed to obtain some 
desirable mutant lines. 

2. Materials and Methods 

2.1. Seeds Procurement and Treatment  

Inbred seeds of cultivar Brassica campestris L. 
accession number-IC363713 were obtained from 
National Bureau of Plant Genetic Resources (NBPGR), 
New Delhi.  Seeds were pre-soaked for 6 h in distilled 
water and later blotted, dried. Thereafter dried seeds were 
treated with freshly prepared sodium azide (NaN3) 
solution for three doses (0.3% 0.5% and 0.7%, w/v) for 5 
h at room temperature (26±2ºC) with intermitted stirring 
(Srivastava et al., 2011). Meanwhile, some seeds were 
kept in distilled water to maintain control sets. Seeds 
were washed thoroughly with running water and blotted 
with filter paper in separate petri plates each and sown in 
nursery pots in triplicates.  
2.2. Meiotic Preparation  

 Unopened flower buds of Brassica campestris L. 
were collected in vials from adult plants at an early 
winter’s morning.  Buds were fixed in glacial acetic acid 
– alcohol (1:3, v/v) for 24 h at room temperature and 
transferred to 70% alcohol, refrigerated at 4ºC until use. 
The anthers were squashed in 2% standard aceto-carmine 
stain (Fürste, 1962) and the slides were covered with 
cover slips following gentle tapping. After preparation 
slides were observed under optical microscope (Olympus 
CH20i) and photomicrographs of pollen mother cells 
(PMCs) were made using pinnacle PCTV capture device. 
Habib et al. (2004) reported that chromosomes of 
Brassica species are very small and their identification 
through the ordinary cytogenetic techniques is extremely 
difficult. Thus, meiotic analysis of Brassica campestris 
L. has become really complicated yet it was done by the 
preparation of large number of slides and their thorough 
selection for each stage of meiosis.  Ten slides per plant 
were prepared and 10fields/slide was cytologically tested. 
Morphological observations were made in three 
replicates per dose whereas five plants per replicate were 

randomly sampled along with control. Frequency of the 
meiotic abnormalities was documented and pollen 
fertility was estimated using a glyceroacetocarmine (1:1) 
mixture as well. 
2.3.  Statistical Analysis  

Variations of the different studied morphological 
parameters were subjected to one-way variance analysis 
(ANOVA) and Duncan’s test (p<0.05) using Statiatica-8 
software (Stat Soft). 

3. Results  

3.1. Chromosomal Study  

Cytological study revealed the normal course of 
meiotic chromosomes comprised 10 bivalents at 
diakinesis (2n=20) and its segregation into 10:10 at 
anaphase (Figures A, B). While treated sets shared an 
array of abnormalities distributed in all the phases of 
reduction division namely stickiness (Figures C-L), 
Unorientation-0.64%, (Figures F, G, I, L), micronuclei-
1.38%, precocious chromosomes-3.89% (Figure J), 
incomplete bridge-1.88% (Figure L) and asynchronous 
division-0.77%. Some other anomalies such as laggards 
(Figure G), univalents and picnotic nuclei have also been 
registered in low frequency. However, among the all 
anomaly observed, the most prominent anomaly 
documented was stickiness, found to be distributed in 
various phases of meiosis i.e. metaphase-I/II to anaphase-
I/II. It ranged from mild to severe on basis of number of 
genome involved. Mild stickiness has been documented 
at 0.3% and 0.7% doses in which few chromosomes were 
involved that might be resulted in to aneuploids bearing 
desirable traits.  While intense or severe case of 
stickiness was found at the medium dose of azide i.e., 
0.5% (Table 1). The latter has resulted in clumping or 
completely intermingling of genome due to which 
chromosome has lost its distinctiveness completely and 
resulting genome damage. Whereas occurrence of 0.03% 
stickiness at control might be due to environmental factor 
(Table 1).  

Despite stickiness, many other abnormalities have 
been recorded which ranged from 0.03% to 12.88%, 
where the highest dose has lesser values of aberrations as 
compared to 0.5%.  Further, pollen fertility recorded in 
0.3% and 0.7% doses was found to be 96.68% and 
94.63%, respectively as compared to control which 
possessed 99.81% pollen fertility rate. However, the 
intermediate dose registered a sharp fall in its mean i.e. 
73.58% (Table 1). 
3.2. Morphological Variability  

In present investigation various doses of sodim azide 
have considerably affected some phenotypic traits of the 
present crop. Phenotypic characters used to assess the 
effects of mutagen were plant height, number of primary 
branches, number of secondary branches, number of 
seeds/siliqua, husk yield, seed yield and 1000-seed 
weight.  Table 2 clearly depicted that the 0.3% and 0.7% 
doses of sodium azide were significant and found to be in 
positive correlation with higher value of number of 
branches, seeds/siliqua, husk yield, seed yield and 1000-
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seed weight as against controls and 0.5% dose of azide. 
More surprisingly, it was recorded that the lowest as well 
as the highest doses were promising in inducing desirable 
traits in the present crop. On the other hand, 0.5% dose 
was negatively correlated with yield related traits with 
the greatest share of meiotic aberration (Table 1).  As far 
as plant height is concerned, treated plants were 
significantly shorter as compared to control (p<0.05), 
which is in fact a desirable trait. Since it prevents plants 
from lodging as lodging damage might result in reducing 
the yield capacity of crop.  

4. Discussion 

The prime strategy in mutation breeding has been to 
upgrade the well-adapted plant varieties by altering one 
or two major traits which limit their productivity or 
enhance their quality (Srivastava et al., 2011). Thus, in 
view of the above statement, it has found that sodium 
azide has well suited for mutation breeding since the 
mutagenic effects of azide appear soon after sowing the 
seeds and can be observed by naked eyes (Srivastava et 
al., 2011). Moreover, due to its ease in availability and in 
being reasonably priced, could be effortlessly utilized in 
mutation breeding program. Many researchers have been 
exploited the mutagenic effectiveness of sodium azide in 
different agronomic crops such as Triticum aestivum, 
Trigonella foenum-graecum, Nigella sativa and Plantago 
ovate (Srivastava and Kapoor, 2008; Prabha et al., 2010 
a, b; Srivastava et al., 2011).  

Cytological analysis provides a genetic basis for 
chromosomal behavior at different stages of cell cycle 
and hence provides an authentic mean to determine the 
efficiency of mutagens.  Mutagens may cause error in the 
normal behavior of chromosome. Hence, any disturbance 
in normal cytological behavior of chromosomes (either 
positive or negative) reflects in phenotypic traits of 

plants. As in the present case, positive effects of 
mutagens have been displayed by the obtainment of 
meiotic sticky mutant having enviable trait(s) at 0.3% 
and 0.7% doses of chemical mutagen. Meiotic 
observations presented in Table 1 clearly showed the 
dominance of chromosomal stickiness at all the doses of 
azide. However it had also taken together with meiotic 
manifestation mainly at 0.5% dose resulting marked 
reduction in pollen fertility. 

Sticky chromosomes were first reported in maize by 
Beadle (1932), and he attributed such irregularity to a 
mutation caused by a recessive gene called sticky (st). 
Bione et al. (2000) reported that the phenotypic 
manifestation of stickiness may vary from mild, when 
only a few chromosomes of the genome are involved, to 
intense that may involve the entire genome. In the present 
case, prevalence of stickiness at medium dose (0.5%) 
could be arisen from improper folding of the entire 
chromosomes into single chromatids and chromosomes, 
as a result of which chromatin fibers intermingled 
(Klasterskii et al., 1976) hence causing genome damage. 
Such genome damage could be the reason for decreased 
pollen fertility at this particular dose. However, mild 
stickiness registered at two optimal doses (0.3% and 
0.7%) might be resulted in aneuploids bearing  peculiar 
and enviable genomic constitution resulted in higher 
mean value of some quantitative parameters over control. 

Occurrence of mild stickiness at utmost dose (0.7%) 
could be due to the effect of azide that might have 
induced meiotic mutant having beneficial traits over 
0.5% dose.  Plenty of reports, however, are available 
which showed the stimulatory effects of lower dose of 
treatment (Luckey, 1980; Kim et al., 2004) and similar 
finding has been reported in present case as well.  

  

Table 1.  Effect of sodium azide on meiotic courses of Brassica campestris L.  

TCO- total cell observed, Oth. Ab.- other meiotic anomaly (laggards, precocious chromosomes, bridge etc.)           
*Mean±SE 
Table 2. Effect of sodium azide on some yield attributing traits of Brassica campestris L. 

Conc. 

% 

Plant height 
(m)* 

No. of primary 
branches* 

No. of 
secondary 
branches* 

Seeds/siliqua* Husk  
yield(g)* 

Seed yield(g)* 1000-seed 
weight(g)* 

Control 1.57±0.38b 4.0±0.77a 7.4±1.43a 19.7±1.52b 14.3±0.63b 15.57±0.46c 2.50±0.04b 

0.3 1.30±0.67a 5.8±0.66b 13.0±2.48c 21.8±1.29c 17.7±2.72c 16.43±2.24c 3.28±0.21d 

0.5 1.22±0.38a 3.75±0.37a 8.0±0.63ab 19.5±1.71a 11.9±1.70a 11.44±2.87a 2.24±0.10a 

0.7 1.32±0.11a 5.75±0.74b 8.75±1.93b 20.0±0.64a 12.3±2.52a 13.82±1.87b 2.83±0.05c 

*Mean±SE, For a given means within each column of each section followed by the different lowercase letter are statistically significant at 
p < 0.05. 

Conc.% TCO 

 

% stickiness at metaphase  (M) % stickiness at anaphase  (A) Oth.Ab.% 

 

Pollen fertility % 

I II I II 

Control 1021 - - - - 0.03 99.81 ± 0.07* 

0.3 1005 1.19±0.11* 1.21 ± 0.10 1.04 ± 0.09* 0.85 ± 0.18 3.57 96.68 ± 0.97 

0.5 918 10.45±0.29 10.20 ± 0.35 9.04 ± 0.19 7.31 ± 0.20 12.88 73.58 ± 2.45 

0.7 922 4.17 ± 0.28 5.04 ± 0.33 4.17 ± 0.10 3.53 ± 0.32 7.28 94.63 ± 1.20 
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Figure 1. A. Normal metaphase (n=10); B. normal anaphase (10:10); C- stickiness at metaphase-I; D-  stickiness at anaphase-I; E. 
stickiness at only one  pole of anaphase-I; F. intense unoriented sticky mass of chromosomes observed at both pole of anaphase-I; G. 
unoriented sticky mass of chromosomes with laggard; H. clumping at metaphase-II; I. genome elimination with sticky metaphase-II; J. 
multi precocious condition  at metaphase-II; K. stickiness at anaphase-II; L. unoriented sticky anaphase-II with incomplete bridge.(40×, 
scale bar=4.2µm). 

Several agents have been reported to cause 
chromosome stickiness, including physical mutagens 
(Rao and Rao, 1977; Al Achkar et al., 1989), temperature 
(Eriksson, 1968), and chemicals (Kumar and Singh, 2002; 
Srivastava and Kapoor, 2008; Kumar et al., 2010). Proper 
interpretation for the occurrence of stickiness is still yet to 
be known, however, according to Pagliarini (2000), it may 
be of either hereditary,  caused by  mutation in the 
structural genes coding for them or induced by the direct 
action of mutagens. Recent reports suggest that 
chromosome stickiness may be under genetic control, or 
rather, it may be controlled by a single pair of genes, two 
pairs of genes or by the interaction of several genes which 
may be recessive or dominant (Kiihl et al., 2011) 
resulting into meiotic mutants. Present study also 
contradict the finding  of Kumar and Singh (2002), who 
noticed the detrimental impact of stickiness on meiotic 
course and pollen fertility provoked by another chemical 
mutagen EMS. 

During morphological studies, positive impact of some 
specific doses of chemical mutagens has been verified by 
assaying some phenotypic traits. Result shows the 
considerable decrease in plant height in treated sets over 
control that is in fact desirable as it prevents crop from 
lodging damage. Since due to lodging, falling of the crops 
occurs at the time of harvesting, which results in the 
significant reduction in the yield due to stem breakage at 
the ground level (Islam and Evans, 1994). 

In most of the cases, relationship of different 
quantitative traits is not positive therefore, difficult to 
manipulate through mutation breeding yet a trait, number 
of seeds per siliqua is inherited monogenically and 
therefore easy to manipulate (Sinhamahapatra et al., 
2010). However, in present case this particular trait has 
been efficiently manipulated by mutation breeding 
experiment along with some other important parameters 
as presented in Table 1.   

Conclusively, on the basis of our observations, it is 
worth suggesting that the azide has induced some sticky 
mutant that had definitely provoked some advantageous 
variations at gene level which affected the yield and yield 
attributed traits through mutagenesis. Thus, these meiotic 
mutants induced via sodium azide, signifying a 
complementary and regulatory effect of stickiness during 
microsporogenesis of Brassica campestris L. beyond the 
some instances of impaired male meiosis.  
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Abstract 

We studied the effects of one ecdysteroid analog (RH-0345) on the ovarian and testicular components of the centipede 
Eupolybothrus nudicornis used as a model of predators of soil fauna. The injection of 10 µg of RH-0345 significantly 
reduced protein, lipid and carbohydrate concentrations in both the ovarian tissue of females and testicular tissue of males 
collected in spring or autumn. In consequence, this study shows that ecdysteroid analog pesticides can affect the reproduction 
of other arthropods than insects by modifying the level of metabolites in male and female gonads.   
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1. Introduction      

Today, the use of pesticides in order to control pests 
causes much concern in the general population. Since it 
is virtually impossible to control all pest species without 
resorting to some use of pesticides, these are required to 
be specific and environmentally safe. In this context, 
natural and synthetic compounds capable of interfering 
with the processes of growth, development, 
reproduction and metamorphosis of the target pests have 
been developed in the search for safer insecticide 
technologies. These chemicals have been called insect 
growth regulators (IGRs) (Hoffmann and Lorenz, 1998). 
They work at extremely low levels, they are very 
specific and are not toxic to mammals; several 
compounds are already used. Among these compounds, 
novel insecticides that mimic the action of the molting 
hormone, the steroidal 20-hydroxyecdysone, are 
currently developed by the industry. 

Bisacylhydrazines are non-steroidal ecdysteroid 
agonists of 20-hydroxyecdysone and exhibit their 
insecticidal activity via interaction with ecdysteroid 
receptor proteins (Dhadialla et al., 1998). Although the 
effects of these compounds are well known in insects 
(Dhadialla et al., 1998), we know almost nothing about 
the effect of these compounds on other terrestrial 
arthropods. In previous studies, Daas et al. (2005 and 
2007) used the centipede Eupolybothrus nudicornis 

(Gervais, 1837) (= Eupolybothrus elongatus, = 
Bothropolys elongatus) as a biological model to test the 
influence of ecdysteroid analogs on one of the predators 
of the soil fauna, this species could be directly affected 
by exposure to these compounds or affected following 
ingestion of preys containing these molecules. These 
authors showed that the injection of sublethal doses of 
two ecdysteroid analogs (RH-0345 or RH-5992), 
induced a significant decrease in hemolymph protein 
concentrations in males and females. A significant 
decrease in hemolymph lipid concentrations in males 
and females was also observed, except for females 
collected in spring and intoxicated with RH-0345 (Daas 
et al., 2005). Moreover, the injection of sublethal doses 
of RH-0345 and RH-2485 induced a significant 
reduction of total body and ovarian weights of female 
individuals (Daas et al., 2007). Nevertheless, the 
decrease in ovarian weight was proportional to the 
decrease in total body weight because the gonadal 
somatic index remained constant and was the same 
among controls and intoxicated animals. These two 
compounds also reduced significantly the total protein 
concentrations in both the hemolymph fluid and ovarian 
tissue of females.  

In order to better characterize the possible effect of 
ecdysteroid analogs on the reproduction of the centipede 
E. nudicornis, we tested the influence of RH-0345 on 
the ovarian and testicular components of individuals 
collected in spring or autumn.  
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2. Materials and Methods 

2.1. Animals and Housing  

Experiments were conducted on mature females and 
males Eupolybothrus nudicornis collected during the 
spring or the autumn of 2008 from the area of 
Nechmaya (northeast Algeria) (Figure 1). This area is 
considered to be free of pollution. Animals were 
maintained individually in plastic boxes of 500 ml 
containing humid earth and covered with a moistened 
filter paper. They were fed three times a week with 
insects (cockroach larvae, flies and mosquitoes) and 
spiders. 

Figure 1. Map of Algeria showing the location of the site 
where individuals were collected  

2.2. Chemicals And Toxicity Tests 

RH-0345 (halofenozide) was developed by Rohm & 
Haas Company (Pennsylvania, USA). It was a gift by 
Prof. G. Smagghe (Laboratory of Agrozoology, 
University of Gent, Belgium). RH-0345 was dissolved 
in acetone to prepare a concentration of 3.33 µg/µl for 
experimental use. 3 µl were injected by means of a 
microsyringe between the third and fourth dorsal 
segment. Toxicity tests were performed during a 15-day 
period. Dose levels injected were based on previous 
finder range test (Daas et al., 2005; 2007) and were 
chosen in order not to be lethal during the experiment. 
The amount of carbohydrates, lipids and proteins in 
ovaries and testicules were measured 5, 10, and 15 days 
after injection.  

Control animals were maintained in the same 
conditions and injected with 3 µl of acetone. 
2.3. Analytical Methods 

Proteins, carbohydrates and lipids were extracted 
from the same gonad sample following the procedure of 
Shibko et al., (1967). In brief, after dissection, each 
sample of gonad was individually homogenized in 1 ml 
of trichloroacetic acid (20%) and then centrifuged 
(5,000 g for 10 min at 4°C). The supernatant was used 
for the determination of carbohydrates as described by 
Duchateau and Florkin (1959) using anthrone as reagent 
and glucose as standard, while the pellet added with a 
mixture of ether and chloroform (1V/1V) was subjected 
to a second centrifugation (5.000 g for 10 min at 4°C ). 
The resulted supernatant was used to quantify the lipids 
based on the vanillin method of Goldsworthy et al. 
(1972), Finally, protein concentration was determined in 

resulting pellet using the Bradford (1976) assay with 
bleu brilliant of coomassie (G 250, Merck) as reagent 
and bovine serum albumin (Sigma) as standard.  

Data were expressed as µg of proteins, lipids or 
carbohydrates per mg of ovaries or testicules.  
2.4. Data Analysis 

The results were expressed as means ± standard 
deviation (S.D.). One-way ANOVA was used to 
compare the amounts of metabolites in ovaries and 
testicules from acetone injected animals (controls) and 
animals exposed to RH-0345 as a function of time. This 
analysis was followed by application of the Student-
Newmans-Keuls multiple comparison method. The level 
of significance was set at p < 0.05. 

3. Results  

3.1. Ovarian Protein Concentrations  

We obtained the same results with females collected 
in spring or autumn (Figures 2A and B). The ovarian 
protein concentrations of control females collected in 
spring or autumn remained stable the first 5 days and 
then slightly increased from 10 to 15 days but 
differences were no significant (P>0.05). The ovarian 
protein concentrations of females collected in spring 
were significantly (P<0.05) reduced compared to those 
of controls from 5 to 15 days after exposure (Figure 2A) 
whereas those of females collected in autumn were 
significantly (P<0.05) reduced from 10 to 15 days 
(Figure 2B). The ovarian protein concentrations were 
the same for females collected in spring or autumn. 

Figure 2. Influence of RH-0345 (halofenozide) on 
Eupolybothrus nudicornis ovarian protein concentrations. A, 
females collected in spring; B, females collected in autumn. 
Means ± SD of 5 replicates. *p < 0.05; **p<0.01; ***p<0.001. 
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3.2. Testicular Protein Concentrations  

The same results were obtained with males collected 
in spring or autumn (Figures 3A and B). The testicular 
protein concentrations of control males collected in 
spring or autumn decreased significantly (P<0.05) 5 
days after beginning of the toxicity tests. Then we 
noticed an increase of the testicular protein 
concentrations 15 days and from 10 to 15 days after the 
start of the experiment for males collected in autumn 
and spring respectively. The testicular protein 
concentrations of males collected in spring or autumn 
were significantly reduced compared to those of 
controls from 5 to 15 days after exposure. No significant 
differences (P>0.05) were observed between testicular 
protein concentrations for males collected in spring or 
autumn. 

Figure 3. Influence of RH-0345 (halofenozide) on 
Eupolybothrus nudicornis testicular protein concentrations. A, 
males collected in spring; B, males collected in autumn. Means 
± SD of 5 replicates. *p < 0.05; **p<0.01; ***p<0.001.  

3.3. Ovarian Lipid Concentrations  

We obtained the same results with females collected 
in spring or autumn (Figures 4A and B). The ovarian 
lipid concentrations of control females slightly increased 
during the toxicity tests but differences were no 
significant (P>0.05). The ovarian lipid concentrations of 
females collected in spring or autumn were significantly 
(P<0.05) reduced compared to those of controls from 5 
to 15 days after exposure. The ovarian lipid 
concentrations were the same for females collected in 
spring or autumn. 

Figure 4. Influence of RH-0345 (halofenozide) on 
Eupolybothrus nudicornis ovarian lipid concentrations. A, 
females collected in spring; B, females collected in autumn. 
Means ± SD of 5 replicates. *p < 0.05; **p<0.01; ***p<0.001.  

3.4. Testicular Lipid Concentrations  

The same results were obtained with males collected 
in spring or autumn (Figures 5A and B). The testicular 
lipid concentrations of control males decrease 
significantly (P<0.05) 5 and 10 days after the beginning 
of the experiment and then increased or remained stable 
for males collected in spring or autumn respectively. 
The testicular lipid concentrations of males collected in 
autumn (Figure 5B) were significantly reduced (P<0.05) 
compared to those of controls from 5 to 15 days after 
exposure whereas those of males collected in spring 
(Figure 5A) were significantly reduced from 10 to 15 
days. No significant differences (P>0.05) were observed 
between testicular lipid concentrations for males 
collected in spring or autumn. 

Figure 5. Influence of RH-0345 (halofenozide) on 
Eupolybothrus nudicornis testicular lipid concentrations. A, 
males collected in spring; B, males collected in autumn. Means 
± SD of 5 replicates. *p < 0.05; **p<0.01; ***p<0.001.  

3.5.  Ovarian Carbohydrate Concentrations  
Globally we obtained the same results with females 

collected in spring or autumn (Figures 6A and B). The 
ovarian carbohydrate concentrations of control females 
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remained stable. The ovarian carbohydrate 
concentrations of females collected in spring or autumn 
were significantly reduced (P<0.05) compared to those 
of controls from 5 to 15 days after exposure. No 
significant differences (P>0.05) were observed between 
ovarian carbohydrate concentrations for females 
collected in spring or autumn. 

Figure 6. Influence of RH-0345 (halofenozide) on 
Eupolybothrus nudicornis ovarian carbohydrate concentrations. 
A, females collected in spring; B, females collected in autumn. 
Means ± SD of 5 replicates. *p < 0.05; **p<0.01; ***p<0.001.  

3.6. Testicular Carbohydrate Concentrations  

Globally we obtained the same results with males 
collected in spring or autumn (Figures 7A and B). The 
testicular carbohydrayte concentrations of control males 
remained stable. The testicular carbohydrate 
concentrations of males collected in autumn (Figure 7B) 
were significantly reduced (P<0.05) compared to those 
of controls from 5 to 15 days after exposure whereas 
those of males collected in spring (Figure 7A) were 
significantly (P<0.05) reduced from 10 to 15 days. No 
significant differences (P>0.05) were observed between 
ovarian carbohydrate concentrations for females 
collected in spring or autumn. 

Figure 7. Influence of RH-0345 (halofenozide) on 
Eupolybothrus nudicornis testicular carbohydrate 
concentrations. A, males collected in spring; B, males collected 
in autumn. Means ± SD of 5 replicates. *p < 0.05; **p<0.01; 
***p<0.001.  

 

4. Discussion 

The developmental physiology of myriapods as that 
of insects depends on different hormones and 
neurohormones but the molting and the juvenile 
hormones are the principal ones which control different 
processes such as growth, molt, and metamorphosis 
(Rees, 1995). Ecdysteroids which constitute the molting 
hormone have been considered as the main key in the 
control of the molt in immature stages of insects (Gäde 
et al., 1997). Today, it is well accepted that ecdysteroids 
also play an important role in the processes which 
regulate the reproduction of insects such as meiotic 
reinitiation in oocytes, vitellogenesis, ovogenesis and 
growth of the spermatocytes (Wigglesworth, 1984; 
Hagedorn, 1985; Jacob, 1992; Lanot et al., 1987; 
Yamashita and Susuki, 1991).  

Hence, Robbins et al. (1968, 1970) reported that 
high concentrations of natural ecdysteroids had 
chemosterilizing properties in several insects. The goal 
of our study was to test the effects of one ecdysteroid 
analog (RH-0345) on the ovarian and testicular 
components of other arthropods than insects on which 
we have only limited evidence.  

Bisacylhydrazines are non-steroidal agonists of 20-
hydroxyecdysone (20E) and exhibit their insecticidal 
activity via interaction with the ecdysteroid receptor 
proteins. In cases where these compounds have 
produced lethal effects, the symptoms have been similar 
to those expected from a state of ecdysteroid excess, 
called hyperecdysonisms (Williams, 1967).  

Proteins play a fundamental role in the functioning 
of the organism (Mahler and Cordes, 1969). They can 
assure the biochemical catalysis, the hormonal 
regulation and can be integrated in the cell as structural 
components just as lipids and sugars (Jacob and Monod, 
1961). We showed that the ovarian and testicular protein 
concentrations of individuals (males or females) are 
significantly reduced after injection of a sub-lethal dose 
of RH-0345. These results are in accordance with 
previous studies of Taibi et al. (2003) who showed that 
ovarian protein concentrations of female adult beetles of 
mealworm Tenebrio molitor significantly decreased 2 
and 4 days after topical treatment with 10 µg/insect of 
RH-0345. On the other hand, another ecdysteroid 
agonist, RH-5849 stimulates in vitro the protein 
synthesis by the fat 2body of the rice moth Corcycra 
cephalonica (Ashok and Dutta-Gupta, 1991). Maiza et 
al. (2004) showed that treatment of the German 
cockroach Blattella germanica with RH-0345 applied 
topically (10 and 20 µg/insect) and a carbamate 
insecticid benfuracarb orally administrated (at 2%) 
reduced ovarian amount of proteins while topical 
application of the juvenile hormone analogue 
methoprene (1 and 10 µg/insect) increased it during the 
sexual maturation.  
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Previous studies using certain steroid ecdysone 
analogs have shown that these compounds affected the 
ovarian growth in Spodoptera exempta, S. exigua, S. 
littoralis and Leptinotarsa decemlineata (Smagghe and 
Degheele 1992; 1994) and inhibited the ovarian 
development of Musca domestica and Tribolium 
confusum (Robbins et al., 1968; 1970). Moreover, it has 
been shown that treatment of Spodoptera exigua and 
Leptinotarsa decemlineata with RH-0345 and RH-5992 
induced a decrease of hemolymphatic protein 
concentrations before the death of individuals (Smagghe 
et al., 1996). Nevertheless, treatment of the mealworm 
T. molitor with an analog of the juvenile hormone 
(pyriproxyfen) induced an increase of hemolymphatic 
protein concentrations (Aribi et al., 2001; 2006). 
Besides, another growth regulator, RH-5992 
(tebufonozide) reduced oocyte growth in Plodia 
interpunctella (Salem et al., 1997).  

Lipids are essential as a source of energy in 
arthropods (Beenakers et al., 1985). They are 
synthetized and stored in the fat body (Keeley, 1985; 
Van Hensden and Law, 1989) and then transported via 
the hemolymph to organs such as ovaries (Kilby, 1963; 
Wigglesworth, 1984; Chino et al., 1981) where they are 
used for vitellogenesis (Downer, 1985; Keeley, 1985). 
We showed that the ovarian and testicular lipid 
concentrations of individuals (males or females) were 
significantly reduced after injection of a sub-lethal dose 
of RH-0345.  

During this study, we noticed that ovarian lipid 
concentrations of control females collected in spring or 
autumn increased during all the exposure time. On the 
contrary, we observed fluctuations of testicular lipid 
concentrations of control males collected in spring or 
autumn. These contrasting results could be explain by 
the change of the environmental conditions and the 
external factors whom probably induced physiological 
disturbances of reproduction and development as was 
demonstrated by Scheffel (1987) and Descamps (1988; 
1992) during the study of the effect of weather 
conditions on the life cycle of another Chilopoda 
Lithobius forficatus. 

The decrease of the lipid concentration in the ovaries 
of females after treatment with RH-0345 could be due to 
a slowing down of the passage of these metabolites 
towards ovaries via the hemolymph. Topical application 
of chitin inhibitors such as diflubenzuron at 0.5 
µg/insect also disturbed growth and development of 
oocytes of the coding moth Cydia pomonella (Soltani 
and Soltani-Mazouni, 1992) and reduced lipid 
concentrations in the fat body of the mealworm 
Tenebrio molitor (Khebbeb et al., 1997). Our results are 
in accordance with previous studies of Padjama and Rao 
(1994) who showed a decrease of lipid concentrations in 
viscera, mantle and foot of the freshwater snail 
Bellamya dissimilis after treatment with sublethal 
concentrations of an organochloric (Endosulfan) and 
three organophosphate pesticids (Methyl parathion, 
Quinalfos and Nuvan). Daas-Maamcha (2005) also 
showed that treatment of E. nudicornis females 
collected in spring or autumn with different ecdysteroid 
analogs (RH-2485, RH-5992 and RH-0345) induced a 

decrease of the protein and lipid concentrations in the 
hemolymph. A similar effect has been observed by Daas 
et al. (2003) after injection of 20-hydroxyecdyson to the 
females of the same species.  

Carbohydrates which represent an indispensable 
source of energy for living organisms are used in a 
immediate way as glucose or in the form of reserve as 
glycogen (Wigglesworth, 1984). Tissular carbohydrate 
rates are strictly connected to the physiological events 
such as molt and reproduction (Wiens and Gilbert, 
1968). We showed that the ovarian and testicular 
carbohydrate concentrations of individuals (males or 
females) were significantly reduced after injection of a 
sub-lethal dose of RH-0345. Soltani (1990) noticed a 
significant decrease of carbohydrates (trehalose) 
concentration in the hemolymph of pupal stages of 
mealworms T. molitor 3, 4, 5, 6 and 7 days after 
injection of 10 µg of 20-hydroxyecdysone  

It is well recognised that ecdysteroid analogs are 
toxic to insects. The synthetic nonsteroidal ecdysone 
agonist RH-0345 is an excellent insect control agent 
because it induces feeding inhibition and precocious 
incomplete molting, thus causing high larval mortality 
(Dhadialla et al., 1998). RH-0345 has an overall insect 
control spectrum with accentuated soil-systemic 
efficacy against scarabid beetle larvae, cutworms, and 
webworms. Based on its reported narrow pest control 
spectrum and its structural and mechanistic similarity to 
the other bisacylhydrazines, it is expected to have low 
toxicity to non-target arthropods (Dhadialla et al., 
1998). Nevertheless, our study showed that this 
pesticide may affect the reproduction of other 
arthropods than insects such as centipedes.  

The decrease of protein, lipid and carbohydrate 
concentrations in both the ovarian tissue of females and 
testicular tissue of males after treatment with RH-0345 
may be explain by the interference between this 
compound and natural ecdysteroids thus disturbing the 
endocrine regulation of oogenesis and spermatogenesis 
as in Tenebrio molitor (Amrani, 2007; Boukachabia et 
al., 2003; Taibi et al., 2003). 
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Abstract 

The performance of different maize varieties aginst Sitophilus zeamais infestation was evaluated in a laboratory. Seventeen 
maize varieties comprising fourteen hybrids (ACR.97 TZL COMP.1-W, ACR.8328 BNC7, TZL COMP.4C2, OBA SUPER 1 
and 2, SINE 9449-SR, IWD SYN C3F2, TZL COMP.1SYN STR-Y, TZSR White and Yellow; 95TZEE-W, MASYN VAR-3 
F2, ADV.NCRE-STR and BG 97 TZE COMP.3XL) and three local cultivars (Akparike, Bende and Ogbia muno) were 
screened to ascertain their level of susceptibility to S. zeamais in the study area. Number of adults that emerged from the 17 
varieties differed significantly (P ≤ 0.05) and ranged from 2.00 for the improved variety ADV.NCRE-STR to 62.0 in the local 
cultivar Bende. Significantly higher weight losses were recorded on local cultivars. Heavier males emerged from the local 
cultivars Akparike and Bende and lighter (P ≤ 0.05) weights were recorded on Oba super 1, TZL Comp.4C2, TZSR White, 
ADV.NCRE-STR and MASYN VAR-3F2. Grain hardness test showed that the hybrid variety MASYN VAR-3F2 (275.12N) 
was the hardest followed by TZSR-Y (259.42N) and the softest were local varieties Akparike (116.62N) and Bende (91.65N). 
Seed coat thickness result indicated that the local variety Akparike (0.38mm) had the highest value of seed coat thickness 
followed by MASYN VAR-3F2 (0.22mm) and the least seed coat thickness was BG 97 TZE COMP.3XL (0.03mm). Results 
indicated that the local cultivars commonly cultivated in the Niger Delta (Bende, Akparike and Ogbia muno) supported 
higher S. zeamais adult progeny than the improved varieties which had harder seeds and thicker coats. The fact that Akparike 
which has thick testa was susceptible shows that physical factors alone are not responsible for the observed resistance. 

Key Words: Sitophilus zeamais, Maize, Variety, Susceptibility and Grain Hardness 
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1. Introduction      

Maize is a major food crop and source of animal feed 
in Africa, the Americas and Asia as well as a feed for 
livestock in these regions (Bergvinson, 2000). It is the 
third most important cereal after wheat and rice globally 
and the most widely distributed (Purseglove, 1981; Siwale 
et al., 2009). It is popular for being more resistant to pests 
and diseases and easier to store and process than 
traditional food cereals including sorghum and millets in 
Kenya (Karaya et al., 2009).  

The major constraint to utilization of maize in the 
tropics and subtropics is the attack by maize weevil 
(Sitophilus zeamais) (Akob and Ewete, 2007). It is the 
principal post-harvest pest and infestation commences in 
the field as soon as maize cobs begin to turn yellow 
(Haines, 1991). Adult weevils and larvae feed on 
undamaged grains and frequently cause severe powdering, 
rendering the product unfit for human consumption 
(Ofuya et al., 2008). Partially damaged maize grains 

manifest loss in weight, poor marketability, quality 
deterioration and low viability (Enobakhare and Law-
Ogbomo, 2002). Enobakhare and Law-Ogbomo (2002) 
and Lale and Kartay (2006) have shown from their studies 
that some cultivars of maize are relatively resistant to S. 
zeamais attack. 

2. Materials and Methods 

2.1. Laboratory Screening Of Maize Varieties Against S. 
zeamais Infestation 

A laboratory screening for the most resistant and 
susceptible maize varieties against S. zeamais in the 
Niger Delta area of Nigeria was carried out under 
laboratory conditions [temperature (30±20C), relative 
humidity (65±5%)] at the General Laboratory of the 
Faculty of Agriculture, University of Port Harcourt. 
Seventeen maize varieties comprising fourteen hybrids 
[ACR.97 TZL COMP.1-W, ACR.8328 BNC7, TZL 
COMP.4C2, OBA SUPER 1 and 2; SINE 9449-SR, IWD 
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SYN C3F2, TZL COMP.1SYN STR-Y, TZSR White 
and Yellow; 95TZEE-W, MASYN VAR-3 F2, 
ADV.NCRE-STR and BG 97 TZE COMP.3XL] and 
three local cultivars (Akparike, Bende and Ogbia muno) 
that are normally grown by local farmers in the study area 
were screened. The fourteen hybrid varieties were 
obtained from the International Institute of Tropical 
Agriculture (IITA), Ibadan germplasm, while the three local 
cultivars were purchased from open markets in Ali-Brada 
and Mile 3 both in Rivers State, Nigeria. The experimental 
jars and maize varieties were all sterilized thermally in a 
hot-air Gallenkamp oven at 60ºC for 2 hours to kill any 
pest and pathogen that might be present and allowed to 
acclimatize for 24 hours to laboratory temperature (30ºC) in 
the laboratory (Atijegbe, 2004; Zakka, 2005).  S. zeamais 
culture was raised in the laboratory from infested maize  
collected in Choba market in Rivers State and reared on a 
susceptible local maize variety (Coma) in 1-Litre 
Kilner jars which were left on an open air shelf in the 
laboratory. To standardize the age of the progeny, the 
adults were removed after seven days by sieving and the 
eggs laid were allowed to form the sub-culture. The 
emerging F1 were later used for the experiment (Zakka, 
2005).  
2.2. Sitophilus zeamais Performance On Different Maize 
Varieties  

Six pairs of 2-3 day-old adult S. zeamais were introduced 
into separate jars containing 20g of each maize variety 
weighed on a sensitive Mettler balance (A & D 
Electronic balance FX-6000) and left for seven days to 
oviposit. On the seventh day, the adults were removed by 
emptying the content of each jar on a piece of white cloth and 
removing the adults with a soft entomological brush. 
Subsequently, the content of each jar was carefully 
returned into the jar and kept in its original position on the 
shelf and left undisturbed for 37 days to enable the insects 
to complete their development. The jars were examined 
daily to observe the emergence of teneral adults so as 
to determine their daily emergence pattern and 
developmental rate. Adult count started 15 days after 
ovipositing females were removed and counted until 
no teneral adult(s) emerged in each jar for five 
consecutive days (modified after Throne et al., 2002). 
Each treatment was replicated three times in a completely 
randomized design (CRD) and kept on open air shelves. 
2.3.  Sitophilus zeamais Teneral Adult Weight by Sexes 

The weight of adult insects by sex was determined 
by collecting ten males and ten females that emerged 
from each maize variety by random selection and weighed 
and the weights recorded. The sexing was done using the 
snout characteristics such as color and shape, body length 
and size (Halstead, 1963; Tolpo and Morrison, 1965). The 
weight of the various maize varieties was taken in 
batches using an electronic sensitive balance J2003 
model and then dried in an oven at 130oC for one hour 
and cooled for 2 hours before re-weighing. The procedure 
was repeated until a constant value was obtained. The 
percent moisture content was calculated as weight of 
moisture/weight of wet sample x 100 (Obeng-Ofori and 
Boateng, 2008) 

Thus: Mw =  %100×
Wo
Wm  

Where Wm=water weight in grain at Mw 
Wo= total grain weight at Mw 
Since  Wo=Wm+Wd 
Where: Wd=dry matter weight at Mw moisture content 

Therefore Mw = ( ) %100×
+WdWm

Wm
           

2.4. Grain Physical Parameters 
Seed coat thickness was measured using a Digimatic 

Vernier Caliper (model Mitutoyo Electronic Digital 

Caliper Japan) and seed weight loss was determined as 

described by Lale (2002):  

%weight loss = ( )[ ] 100×
+−

UaN
DUUaN  

Where U= weight of undamaged fraction in a sample 
N=total number of grains in a sample 
Ua=average weight of one undamaged kernel 
D= weight of damaged fraction in a sample 

This was confirmed by the modified gravimetric 
method of Compton et al. (1998) by counting damaged 
grains and weighing of the final samples using the 
formula 

%weight loss =  
Pnd

PfaPnd −  

Where Pnd= weight of non-damaged kernels 
Pfa= final weight of sample  

Grain hardness was determined using CBR 
Compression machine in the Department of Applied 
Geology in the Federal University of Technology, 
Akure, Nigeria. Ten grains were randomly selected 
from each variety/cultivar and tested for hardness. Each 
grain was carefully placed in a vertical position on the 
stage meter and crushed. The hardness of the grain 
was obtained by multiplying the value obtained from the 
machine by a factor (23.8N/div). Susceptibility index 
(Dobie, 1974), was determined in order to assess the 
resistant and susceptible maize varieties. 

100×=
T

LogYSI
 

Where SI = susceptibility index 
Log Y= log number of F1 emerged adults 
T= mean developmental periods (days) 

3. Results  

Table 1 shows grain physical properties. Data on 
seed coat thickness indicated that  Akparike, a local 
cultivar, had the thickest seed coat which was followed by 
an improved  cultivar MASYN VAR-3F2 though it did not 
differ significantly from most of the other  improved 
varieties. The thinnest seed coat was recorded in BG97 
TZE Comp.3XL and  local varieties Bende and Ogbia 
muno. Grain hardness indicated that varieties MASYN  
VAR-3F2 and TZSR-Y were the hardest though the 
latter did not differ significantly  from TZSR-W and Oba 
super 2. The four varieties with the softest kernels were 
ranked in  a decreasing order as follows: Ogbia muno > 
Akparike > ADV.NCRE-STR > Bende.  
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Table 1. Grain hardness and seed coat thickness as physical 
parameters. 

Maize variety 
Grain physical parameter 
Grain 

hardness(N) 
Seed coat  

thickness(mm) 
ACR 97 TZL Comp. 1-W 227.75cd 0.0750c-f 

IWD SYN C3F2 194.65ef 0.0766c-f 

OBA SUPER 1 226.10cd 0.0618d-f 

ACR.8328 BNC7 216.82c-e 0.1580b-e 

TZL Comp.4C2 171.36f 0.1982bc 

SINE 9449-SR 211.8de 0.1776b-d 

ADV.NCRE-STR 106.13gh 0.1120b-f 

BG 97 TZEComp.3XL 134.46g 0.0253f 

AKPARIKE 116.62gh 0.3820a 

TZL Comp. 1SYN STR-Y 206.09de 0.1872b-d 

BENDE 91.65h 0.0448ef 

95 TZEE-W 203.25de 0.1710b-d 

MASYN VAR-3 F2 275.12a 0.2240b 

OBA SUPER 2 242.66bc 0.1790b-d 

TZSR White 240.37bc 0.0988b-f 

TZSR Yellow 259.42ab 0.0960c-f 

OGBIA MUNO 131.65g 0.0643d-f 

Means with the same letters in the same column are not 
significantly (P≤0.05) different by Student-Newman-Keuls test 

Table 2 shows that the mean number of adults that 
emerged from the 17 varieties were  significantly different 
(P ≥ 0.05) and ranged from 2.00 for the improved variety 
ADV.NCRE-STR to 62.0 for the local variety Bende. The 
number of adults that emerged on the improved varieties 
ranged in the increasing order: ADV.NCRE-STR < 
TZL Comp.4C2 < IWD SYN C3F2 < TZSR White < BG 
97 TZE Comp.3XL < SINE9449-SR < OBA SUPER 1. The 
effect of pest activities on weight losses is also shown in 
Table 2. 
Table 2. Mean number of adult progeny and grain weight (g) loss 
on 17 different maize varieties. 

Maize  variety 
Number of 
emerged  

adults 

Grain 
weight  loss 

(g) 
ACR 97 TZL 
Comp. 1-W 23.00cd 2.20b-d 

IWD SYN C3F2 04.33f 0.40de 

OBA SUPER 1 16.00de 1.56b-e 

ACR.8328 BNC7 17.00de 1.76b-e 

TZL Comp.4C2 02.67f 0.27e 

SINE 9449-SR 10.67ef 1.00c-e 

ADV.NCRE-STR 02.00f 0.20e 

BG 97 TZE Comp.3XL 05.00f 0.56c-e 

AKPARIKE 46.00b 5.33a 

TZL Comp. 1SYN STR-Y 19.67c-e 1.90b-d 

BENDE 62.00a 7.67a 

95 TZEE-W 19.67c-e 1.96b-d 

MASYN VAR-3 F2 19.67c-e 1.96b-d 

OBA SUPER 2 24.00cd 2.46bc 

TZSR White 04.67f 0.53c-e 

TZSR Yellow 17.00de 1.73b-e 

OGBIA MUNO 27.67c 3.26b 

Means with the same letters in the same column are not 
significantly (P≤0.05) different by Student-Newman-Keuls test 

A significantly higher weight loss was recorded in the 
local varieties Bende and Akparike  and closely followed 
by Ogbia muno and in the improved varieties Oba super 
2 and  ACR97 TZL Comp.1-W, although they did not 

differ significantly from those of BG97  TZE Comp.3XL, 
TZSR White and TZSR Yellow. The least weight losses 
were recorded  on the improved varieties ADV.NCRE-STR, 
TZL Comp.4C2 and IWD SYN C3F2.  

Table 3 shows the mean weights of male and female 
adults that emerged from each  variety ,  and it indicates 
that heavier males emerged from the local cultivars 
Akparike and  Bende than those that emerged from the 
improved varieties 95TZEE-W, SINE 9449-SR,  
TZL Comp.1SYN STR-Y, IWD SYN C3F2. However, 
lighter (P < 0.005) weights were  recorded on Oba super 1, 
TZL Comp.4C2, TZSR White, ADV.NCRE-STR and 
MASYN VAR-3F2, Oba super 2, TZSR Yellow, 
BG97TZE Comp.3XL, ACR.8328BNC7 and 
ACR97TZL Comp.1-W varieties. Heavier females were 
recorded in the   local cultivar  Akparike which was 
closely followed by those from ACR97TZL Comp.1-
W, TZL  Comp. 1SYN STR-Y, 95TZEE-W, TZSR 
Yellow, SINE 9449-SR, ACR.8328 BNC7,  
Bende and Obgia muno. Lighter adult females emerged 
from IWD SYN C3F2, TZSR  White and ADV.NCRE-
STR, BG97 TZE Comp.3XL, MASYN VAR-3F2, Oba 
Super 2  and Oba Super 1. 

Peak of emergence was recorded within the first 7 
days on all the varieties (Figures 1a, 1b, 1c and 1d) and 
two peaks were recorded on Akparike and Ogbia muno 
varieties (Figures1a and 1c); however, highest peaks were 
recorded on the local cultivars (Figures 1a, 1b and 1c) 
with Bende (Figure 1b) recording the highest peak and an 
improved variety ACR.8328BNC7 had irregular peaks 
(Figure 1d).  
Table 3. Mean weight (g) of males and females of S. zeamais 
that emerged from 17 different maize varieties. 

 

Maize  variety 

Weight (mg) 

Male Female 

ACR 97 TZL Comp. 1-W 2.9b-e 5.7b 

IWD SYN C3F2 3.3a-d 2.7e 

OBA SUPER 1 2.4e 3.9c-e 

ACR.8328 BNC7 2.8c-e 5.2bc 

TZL Comp.4C2 2.4e 3.0e 

SINE 9449-SR 3.4a-c 4.6b-d 

ADV.NCRE-STR 2.5e 3.0e 

BG 97 TZE Comp.3XL 2.8b-e 3.1de 

AKPARIKE 3.9a 7.5a 

TZL Comp. 1SYN STR-Y 3.3a-d 5.9b 

BENDE 3.6a 5.2bc 

95 TZEE-W 3.4ab 5.9b 

MASYN VAR-3 F2 2.7e 3.8c-e 

OBA SUPER 2 2.8de 3.9c-e 

TZSR White 2.6e 2.7e 

TZSR Yellow 2.8de 6.1b 

OGBIA MUNO 2.9b-e 5.4bc 

Means with the same letters in the same column are not 
significantly (P≤0.05) different by Student-Newman-Keuls test 
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a         b 

c         d 

Figure 1 a-d. Emergence pattern of S. zeamais on different maize cultivars 

4. Discussion 

The result of this study indicates that the grains of 
the local varieties had thinner seed coats and softer 
kernel compared with the improved varieties which had 
thicker seed coats and harder kernels. These local varieties 
supported higher S. zeamais adult progeny than the 
improved varieties. The physical characteristics of the 
seed coat affect oviposition and/or egg-hatch in beetles 
(Lale and Makoshi, 2000; Lale and Kartay, 2006). These 
physical factors, among others, are most likely to be the 
contributory factors that affected the differences in the 
development of the adult S. zeamais that eventually 
emerged from the different varieties. The resistance 
exhibited by the improved varieties has been attributed to 
mechanical barriers provided by thick testae and hard 
grains (Lale and Yusuf, 2001; Ashamo, 2001; Lale and 
Kartay, 2006). The fact that Akparike which has a thick 
testa was susceptible shows that physical factors alone are 
not responsible for the observed resistance. In earlier 
studies hydroxycinnamic acids (phenolics), E-ferulic acid 
and protein content and other chemical factors have been 
implicated (Dobie, 1977; Serratos et al., 1987; Arnason et 
al., 1992). 

  Although the precise mechanism by which the 
factors impede S. zeamais development is yet to be well 
understood, the result from this work suggests that the 
soft texture of the local varieties may have contributed at 
least in part to their susceptibility. The seed coat thickness 
and grain hardness served as a barrier to the penetration 

of the endosperm by S. zeamais amongst the improved 
varieties which proved to be less susceptible to 
infestation. It is therefore, possible that the harder 
endosperm of the improved maize varieties  poses some 
degree of difficulties for the development of the beetles 
thereby interfering with their ability to obtain the desired 
nutrient for oviposition and growth thus resulting in poor 
development (Lale and Yusuf, 2001). The higher weight 
losses observed in the local cultivars after a period of 35 
days of the experiment can be attributed to the higher 
numbers of adult progeny that developed in these 
cultivars thus indicating a greater preference of such 
cultivars by S. zeamais as suitable substrates for 
development. The implication of this is that if theses 
maize varieties are left unprotected it could lead to 
economic weight losses in those maize cultivars as 
compared to the improved varieties.  

Differences in weights of male and female beetles 
that developed in different substrates were observed in 
earlier studies (Danho et al., 2002; Zakka, 2005). The 
improved variety ADV NCRE-STR that proved 
relatively resistant to the pest had heavier adults 
emerging from it; this could be due to its ability to 
supply nutrients that can encourage robust physical 
development of the pest but possibly possesses an 
inhibitory factor that perhaps affects oviposition, larval or 
pupal development. In contrast, those improved varieties 
that did not support much development had equally 
lighter adults emerging from them, and this might be 
attributed to lack of required nutrients for optimal 
development. 
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Adedire (2001) gave the life cycle of S. zeamais to be 
about 35 days. Adult emergence from  ACR97TZL  
Comp1-W,  ACR.8328  BNC7,  SINE 9449-STR,  
BG97TZE Comp.3XL, Akparike, Bende, MASYN VAR-
3F2, 95TZEE-W and Oba Super 2 commenced on the 
37th day of introduction and late emergence on improved 
varieties IWD  SYNC3F2  and  ADV  NCRE-STR  
commenced  on  the  39th  and 42nd  day, respectively. 
This delayed development was reported by Lale and 
Maina (2002) on groundnut cultivars ‘Jato’, ‘Yar Damboa’ 
and ‘Kampala’ which restricted development by 
prolongation of the bruchid’s life cycle. Adult emergence 
stopped early (10 days after commencement) on varieties 
ADV NCRE-STR and TZL Comp.4C2 while it lasted for 
up to 30 days on the susceptible local cultivars Ogbia 
muno and Akparike. The relative resistance shown by the 
improved varieties especially variety ADV NCRE-STR 
to S. zeamais infestation through prolongation of 
development and reduction of adult progeny may be 
attributed principally to antibiotic factors in the 
endosperm and difficulty in obtaining optimum quantity 
of nutrients needed for growth from the harder endosperm 
(Jansen and Nylin, 1997; Barros and Zucoloto, 1999).  
Other known factors that determine suitability as a 
breeding medium are morphology, environmental 
conditions, age and size of individuals (Stejskal and 
Kucerova, 1996; Johnson and Kistler, 1987) and competition 
(Siemens et al., 1991).  

The highest number (37/day) of adult progeny recorded 
on Bende gives a clear indication of the pest load it can 
accommodate thus making it highly susceptible to 
infestation. If such an emergence level is continued over 
the emergence period of 30 days recorded, then within a 
short time the whole crop stands the risk of having 
100% devaluation thereby leading to high grain loss. From 
the rate of emergence of the adult progeny on the local 
cultivars (Figs 1a, 1b and 1c), it means that if they are 
left unprotected, infestation could build up to an 
economic damaging level within the first few days of 
storage, thereby making the farmer to incur high 
quantitative and qualitative losses. The discovery of ADV 
NCRE-STR, TZL Comp.4C2, IWD SYN C3F2 and 
other improved varieties which are resistant to S. zeamais 
infestation in comparison with the local cultivars grown in 
the Niger Delta underlines the need for a change from the 
cultivation of the local cultivars in preference for the 
improved varieties for maize. It may also lead to the 
extension of the shelf life of maize in store, though it 
will require extensive extension work to sell the idea to 
the local farmers. It is also important to note that as 
Cavanaugh et al. (1995) reported, increased hardness of 
endosperm of grains in maize is desirable for dry milling, 
storage and export purposes; breeding intentionally for 
grain hardness would be an effective strategy for reducing 
the menace of S. zeamais on maize grains in storage.  

5.  Conclusion  

The results of the study suggest that in order to 
improve maize storage, farmers need to adopt the 
cultivation of the improved cultivars. They also give 
indication of the need for breeders to develop cultivars 

with thick testae and hard endosperm (Cavanaugh et al., 
1995; Lale and Yusuf, 2001; Lale and Modu, 2003; Lale 
and Kartay, 2006). 
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Abstract 

Three wild macrofungi, Lenzites betulina (Fries), Trametes vesicolor (Lloyd) and Coriolopsis polyzona (Pers) collected in 
Akure southwest of Nigeria were assessed for their total phenol, antioxidant and cytotoxic activities. The antioxidant and 
cytotoxic properties of the hexane, ethyl acetate and ethanol extracts from the fruit bodies of these macrofungi were assessed 
using DPPH scavenging capacity, inhibition of the formation of thiobarbituric acid reactive species (TBARS), and the 
protein-binding dye sulforhodamine B (SRB) microculture assay to measure cell growth using six human cancer cell lines. 
Total phenol content ranged from 8.22µgGAE/mg to 60.54 µgGAE/mg. The DPPH and inhibition of the formation of 
TBARS ranged between 7.97% to 91.18% at 1000µg/mL. Ethanolic extracts (LET, TET and CET) with higher phenol 
content exhibited better antioxidant property. The inhibition of human cancer cell lines varies from one extract to the other. 
However, ethanolic extract of Trametes vesicolor (TET) demonstrated the best cytotoxic activity with 100% inhibition of 
HCT-5, MCF-7 and SKLU-1 human cancer cell lines. The study suggests that these three wild macrofungi could be source of 
effective antioxidant and anticancer agents. 

Keywords: Wild Macrofungi; Total Phenol; Antioxidant; Anticancer. 
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1. Introduction      

Macrofungi have long been used as valuable food 
source and as traditional medicines around the world, 
especially in the orient (Wasser, 2002).  Macrofungi are 
known to produce large and diverse variety of secondary 
metabolites (Liu, 2007).  These secondary metabolites 
have health promoting properties such as antioxidant, 
antimicrobial, anticancer, cholesterol lowering and 
immunostimulatory effects (Anderson, 1992; Mizuno, 
1999; Mau et al., 2004). Some common bioactive 
compounds isolated from these macrofungi include 
glycolipids, compounds derived from shikimic acid, 
aromatic phenols, fatty acid derivatives, polyacetylamine, 
polyketides, nucleosides, sesterterpenes, and many other 
substances of different origins (Lorenzen and Anke, 
1998; Wasser and Weis, 1999; Mizuno, 1999; Liu, 2007). 

The number of these macrofungi on earth has been 
estimated to be 140,000 out of which only 14,000 (10%) 
are identified (Hawksworth, 2001).  The pharmacological 
potential of about 90% of these macrofungi is yet to be 
explored. A large number of the unknown species of 
mushrooms which may possess health promoting 
properties are not well studied especially in Africa 

(Oyetayo, 2011). There are no data on these macrofungi 
and their medicinal potentials. 

 The search for safe and effective pharmacological 
substances had increased of recent. Bioactive compounds 
obtained from macrofungi maybe the answer to these 
novel pharmacological agents. The antioxidative and free 
radical scavenging properties of mushroom have been 
reported (Mau et al., 2002; 2004; Ferreira et al., 2007). 
Chinese Shiitake mushroom (Lentinus edodes) has also 
been reported to possess both anti-tumour and 
antimicrobial properties (Jong and Birmingham, 1993). 
Natural products have been the source of most of the 
active ingredients of medicines (Harvey, 2008). Natural 
substances provide a large reservoir for screening of anti-
HIV-1 agents with novel structure (Liu, 2007). The 
present study seeks to assess the total phenol, antioxidant 
and cytotoxic effects of hexane, ethyl acetate and ethanol 
extracts obtained from three wild non-edible macrofungi,  
Lenzites betulina (Fries), Trametes vesicolor (Lloyd) and 
Coriolopsis polyzona (Pers), collected from Akure, South 
West region of Nigeria. 
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2. Materials and Methods 

2.1. Collection of Macrofungi 

Lenzites betulina (Fries), Trametes vesicolor (Lloyd) 
and Coriolopsis polyzona (Pers) were collected in the 
wild between June and September, 2011 in forest around 
the campus of Federal University of Technology, Akure, 
Nigeria (Lat. 07º 14IN Long. 05º 11IE). The 
morphological and ecological characteristics of these 
macrofungi were recorded in their natural habitats. Dried 
samples of the macrofungi were numbered and kept in 
polythene bags.  The collected macrofungi were 
identified based on their macroscopic and microscopic 
characteristics and the related literature (Watling, 1973; 
Moser, 1983). Voucher specimens of dried macrofungi 
were deposited in the herbarium of Department of 
Microbiology, Federal University of Technology, Akure, 
Nigeria.  
2.2. Preparation of Macrofungi Extracts 

The method described by Yu et al. (2006) was 
adopted with slight modification. Briefly, dried samples 
of Lenzites betulina, Trametes vesicolor and Coriolopsis 
polyzona were ground into fine powder with an electric 
mill. The bioactive components were sequentially 
extracted from non-polar to polar solvents using hexane, 
ethylacetate and ethanol. The extraction by the solvent 
was performed in Erlenmeyer flask at room temperature 
for 48 h. The extracts obtained were dried to constant 
weight in a laboratory hood overnight (12 hours). The 
extracts were designated LHE (hexane extract of L. 
betulina), LEA (ethyl acetate extract of L. betulina), LET 
(ethanol extract of L. betulina), THE (hexane extract of 
T. vesicolor), TEA (ethyl acetate extract of T. vesicolor), 
TET (ethanol extract of T. vesicolor), CHE (hexane 
extract of C. polyzona), CEA (ethylacetate extract of C. 
polyzona) and CET (ethanol extract of C. polyzona).  
2.3. Total Phenol Determination 

The method of estimating total phenols as described 
by Singleton et al. (1999) was used. Fifty microlitre 
(50µL) of extract was added 250µL of undiluted Folin-
Ciocalteau-reagent. After 1 min, 750µL of 20% (w/v) 
aqueous Na2CO3 were added and the volume was made 
up to 5.0mL by adding 3.95mL of water. The control 
contained all the reaction reagents except the extract. The 
preparation above was incubated for 2 h at 25oC and the 
absorbance was measured at 760nm and compared to a 
gallic acid calibration curve. Total phenols were 
determined as gallic acid equivalents (mg gallic acid/g 
extract) in triplicate. Each experiment was repeated three 
times and the results were expressed as average values. 
2.4. Scavenging Effect of Extracts on DPPH Radicals 

The method of Blois (1958) was used in determine the 
effect of extracts of Lenzites betulina, Trametes vesicolor 
and Coriolopsis polyzona on DPPH• radicals with some 
modifications. A solution of DPPH (0.5mmol/L) in 
ethanol and in 0.05 mol/L acetate buffer (pH 5.5) was 
prepared. Extract in solution (0.1mL of 2mg/mL) was 
mixed with 2mL of acetate buffer, 1.9mL of absolute 
ethanol and 1mL DPPH solution. The mixture was 
shaken immediately after adding DPPH and allowed to 

stand at room temperature in dark for 30 min. The 
decrease in absorbance at 517nm was measured using 
Ultra Microplate Reader (Elx 808, BIO TEK Instruments 
Inc). BHT was used as positive control and the sample 
solution without DPPH was used as blank. The radical 
scavenging activity was measured as a decrease in 
absorbance of DPPH and calculated as: 

 ( )Scavenging activity (%) =   100Ab As Asb
Ab

− −
×   

Where Ab, As and Asb are absorbances at 517nm of 
DPPH of the blank, extract or control and sample blank 
respectively. 
2.5. Estimation of Lipid Peroxidation.  

Thiobarbituric acid reactive species (TBARS) levels 
were measured using rat brain homogenates according to 
the method described by Ng et al. (2000) with some 
modifications. Adult male Wistar rats (200-250 g) were 
provided by the Instituto de Fisiologı´a Celular, UNAM, 
and their use was approved by the Animal Care and Use 
Committee. Rats were maintained at 25 °C on a 12/12 h 
light/dark cycle with free access to food and water and 
killed under mild ether anesthesia. Cerebral tissue was 
rapidly dissected from the whole brain and homogenized 
in phosphate-buffered saline (PBS; 0.2 g of KCl, 0.2 g of 
KH2PO4, 8 g of NaCl, and 2.16 g of NaHPO4·7 H2O/L, 
pH 7.4) to produce a 1 in 10 homogenate (w/v) (Rosato et 
al., 2002). The homogenate was centrifuged for 10 min at 
3400 rpm, and the resulting pellet was discarded. The 
protein content of the supernatant was measured 
according to the method of Lowry et al. (1951), and 
samples were adjusted to 2.5 mg of protein/mL with 
PBS. The supernatant (400 µL, 1 mg of protein) was 
preincubated with sample (50 µL) at 37 °C for 30 min, 
then peroxidation was initiated by the addition of 50 µL 
of freshly prepared FeSO4 solution (final concentration ) 
10 µM), and the sample was incubated at 37 °C for an 
additional 1 h (Ng et al., 2000). The TBARS assay was 
determined as described by Ohkawa et al. (1979) with the 
modification, 0.5 mL of TBA reagent (1% thiobarbituric 
acid in 0.05 N NaOH and 30% trichloroacetic acid, 1:1) 
was used and the final solution was cooled in ice water 
bath for 10 min, centrifugated at 10000 rpm for 5 min, 
and then heated at 95 °C in a boiling water bath for 30 
min. BHT and α-tocopherol were used as positive 
controls. Then, the absorbance was measured at 532 nm 
in the Ultra Microplated Reader (Elx 808, BIO TEK 
Instruments Inc). Results are expressed as nanomoles of 
TBARS per milligram of protein, with percent inhibition 
after 30 min calculated as the inhibition ratio (IR), where 
C = absorbance of the control and E = absorbance of the 
test sample.  

IR (%) = [(C - E)/C] X 100 

These values were plotted against the log of the 
concentrations of individual extracts. Each experiment 
was replicated three times and the results were expressed 
as average values. 
2.6. Cytotoxicity Assay 

 The extracts were screened in vitro against human 
cancer cell lines: U251 (human glioblastoma), PC-3 
(human prostatic adenocarcinoma), K562 (human chronic 



 © 2013 Jordan Journal of Biological Sciences. All rights reserved - Volume 6, Number 2 107 

myelogenous leukemia), HCT-15 (human colorectal 
adenocarcinoma), MCF-7 (human breast cancer cell line) 
and SKLU-1 (human lung adenocarcinoma). Human 
cancer cell lines were supplied by National Cancer 
Institute, USA. The protocol described by Monks et al. 
(1991) for assessing human tumor cytotoxicity was 
adopted. The cell lines were cultured in RPMI-1640 
medium which was supplemented with 10% fetal bovine 
serum, 2mM L-glutamine, 10,000 units/ml penicillin G, 
Sodium, 10µg/mL streptomycin sulfate and 25µ/mL 
amphotericin B (Gibco) and 1% non-essential amino 
acids (Gibco). The cultures were maintained at 37oC in a 
5% CO2 humidified atmosphere. The viability of the cell 
exceeded 95% as verified by trypan blue method.  

The cells were removed from the tissue culture flasks 
by treatment with trypsin, and diluted with fresh media. 
One-hundred-microliters cell suspension aliquots, 
containing 5000 – 10,000 cell per well, were transferred 
into 96 well microtiter plates and incubated at 37oC for 
24h in a 5% CO2 atmosphere. Stock solution of extracts 
initially dissolved in DMSO (20mM) were prepared and 
further diluted to a final concentration of 50µg/mL. One 
hundred microliter aliquots of diluted solution of extracts 
were added to each well. The cultures were exposed for 
48h to the extracts at concentration of 50µg/mL. After 
the incubation period, cells were fixed to the plastic 
substratum by the addition of 50µL of cold 50% aqueous 
trichloroacetic acid. The plates were incubated at 4oC for 
1h, washed with tap water and air-dried. The 
trichloroacetic-acid-fixed cells were stained by the 
addition of 0.4% sulforhodamine B (SRB). Free SRB 
solution was then removed by washing with 1% aqueous 
acetic acid. The plates were then air-dried, and the bound 
dye was solubilized by the addition of 100µL of 10mM-
unbuffered Tris base. The plates were placed on a shaker 
for 5 min, prior to analysis. Optical density was 
determined in the Ultra Microplated Reader (Elx 808, 
BIO TEK Instruments Inc) while the absorbance was 
measured at 515nm. Each experiment was repeated three 
times and the results were expressed as average values. 

3. Results and Discussion 

Higher fungi are a major source of biological active 
natural substances among many diverse organisms which 
provide a rich variety of active metabolites (Liu, 2007). 
There are potentially many bioactivities and novel 
compounds still to be discovered in higher fungi since 
until now only a few numbers of higher fungi have been 
biologically and chemically investigated (Liu, 2007; 
Oyetayo, 2011).  Nigeria is extraordinarily rich in higher 
fungi. However, there are few data on the medicinal uses 
of these fungi. The current study reports the total phenol, 
antioxidant and cytotoxic effects of extracts of three wild 
mushrooms, Lenzites betulina , Trametes vesicolor and 
Coriolopsis polyzona collected from Nigeria.  

The total phenol content of the extracts ranged from 
8.22µgGAE/mL to 60.54 µgGAE/mL (Figure 1). The 
highest phenolic content was recorded for CET (60. 54 
µgGAE/mL). Generally, the phenolic content of 
ethanolic extracts was higher than extracts obtained with 
hexane and ethyl acetate. It has been reported that 

polyphenolic compounds have inhibitory effects on 
mutagenesis and carcinogenesis in humans, when up to 
1.0 g is ingested daily from a diet rich in fruits and 
vegetables (Tanaka et al., 1998). 

Figure 1. Total Phenol Content (GAE/mg) of Extracts of Wild 
Mushrooms.  
Values are means of replicates (n=3). LHE: hexane extract of L. 
betulina, LEA: ethyl acetate extract of L. betulina, LET: ethanol 
extract of L. betulina, THE: hexane extract of T. vesicolor, TEA: 
ethyl acetate extract of T. vesicolor, TET: ethanol extract of T. 
vesicolor, CHE: hexane extract of C. polyzona, CEA: 
ethylacetate extract of C. polyzona and CET: ethanol extract of 
C. polyzona. 

The ability of extracts to scavenge for DPPH radicals 
is presented in Table 1. The extracts displayed 
concentration dependent DPPH scavenging activity. The 
scavenging activity of extracts at 1000µg/mL ranged 
from 14.65% to 77.51%. Ethanolic extracts displayed 
better DPPH scavenging capacity when compared with 
the other extracts. This may be as a result of higher 
phenolic contents of ethanolic extracts (29.88 
µgGAE/mL to 60.54µgGAE/mL). It had been reported 
that the antioxidant activity of plant materials was well 
correlated with the content of their phenolic compounds 
(Velioglu et al., 1998). In this study, the correlation 
coefficient of DPPH activity of extract with the phenolic 
content was found to be 0.996.  

The inhibition of the formation of thiobarbituric acid 
reactive species (TBARS), a measure of lipid 
peroxidation was concentration dependent and it ranges 
from 7.97% to 91.18% at 1000µg/mL. Generally, the 
ethanolic extracts exhibited higher TBARS inhibition 
(85.46% to 91.18%) when compared to the other extracts 
(Table 1). The higher TBARS inhibition exhibited by 
ethanolic extracts may be as a result of higher phenolic 
content present in it. In general, a correlation between 
higher antioxidant activity and larger amount of total 
phenolics was found in the mushroom extracts. The 
inhibition of the formation of TBARS by ethanolic 
extracts was higher than the second positive control, 
tocopherol (63.78%). 
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Table 1. Scavenging of DPPH radicals (%)* and inhibition of 
the production of TBARS (%)*in rat brain homogenate by Wild 
Macrofungi Extracts 

                                         DPPH Scavenging          Inhibition of TBARS production 

Extracts 10µg 
/ml 

100 µg 
/ml 

1000 µg 
/ml 

10µg 
/ml 

100 µg 
/ml 

1000 
µg 
/ml 

LHE 0.68 2.95 34.19 0.00 0.00 7.97 

LEA 3.14 3.55 39.89 0.00 0.00 25.91 

LET 2.37 6.54 70.99 0.00 2.78 90.90 

THE 1.45 1.84 14.65 0.00 0.00 18.68 

TEA 1.31 3.68 25.44 0.00 4.77 58.07 

TET 2.98 10.12 43.77 0.00 1.91 91.18 

CHE 0.87 2.85 21.28 0.00 0.00 11.13 

CEA 3.38 11.61 44.20 8.37 11.97 75.81 

CET 4.55 17.16 77.51 0.00 16.08 85.46 

BHT 43.42 87.87 88.22 96.26 97.00 97.90 

Tocopherol 35.89 90.02 90.71 63.78 98.54 98.80 

Growth inhibition of human cancer cell lines by 
extracts is presented in Table 2. The inhibition of cell 
lines varies from one extract to the other. However, the 
following extracts, THE, CHE, TEA, CEA and TET 
exhibited significant inhibition of the various cell lines. 
Overall, ethanol extract of Trametes vesicolor (TET) 
showed the highest cytotoxic activity with 100% 
inhibition of HCT-15, MCF-7 and SKLU-1 cancer cell 
lines. A β-glucans, krestin from cultured mycelia biomass 
of Trametes versicolor (Turkey Tail) had earlier been 
reported to possess antitumour activity (Ikekawa 2001; 
Wasser, 2002). The least cytotoxic effect was exhibited 
by ethyl acetate extract of Lenzites betulina (LEA). 
Growth inhibition of K562 was the lowest when 
compared to the inhibition of other cell lines by the 
extracts. 
Table 2. Cytotoxic Effects (%)* of Wild Macrofungi Extracts on 
Human Cancer Cell lines. 

Extracts U251 PC-3 K562 HCT-
15 

MCF
-7 

SKL
U-1 

LHE NA NA 41.85 17.65 37.93 25.15 

LEA NA 23.55 NA NA NA NA 

LET NA 11.65 3.50 22.00 22.31 14.28 

THE 13.38 51.95 22.28 41.45 63.78 25.15 

TEA 45.46 78.80 NA 76.77 92.26 98.12 

TET 46.15 84.97 12.77 100 100 100 

CHE 12.90 37.77 16.58 61.12 52.23 56.47 

CEA 76.68 59.99 NA 95.13 74.80 92.74 

CET NA 18.77 28.50 15.70 21.00 12.90 

*Values are mean of replicates (n=3). NA: No Activity. 
U251:human glioblastoma, PC-3:human prostatic 
adenocarcinoma, K562: human chronic myelogenous leukemia, 
HCT-15: human colorectal adenocarcinoma, MCF-7: human 
mammary adenocarcinoma and SKLU-1: human lung 
adenocarcinoma. 

In conclusion, significant DPPH scavenging effect, 
inhibition of the formation of TBARS and growth 

inhibition of cancer cell lines demonstrated by extracts 
indicates that these wild macrofungi contain bioactive 
compounds that may be used in ameliorating the problem 
of free radicals and cancerous cells. Further works of 
isolation, purification, identification and bioassay of 
specific bioactives from these macrofungi will be the 
next focus of this research. 
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Abstract 

Breast milk has a distinctive combination of proteins, carbohydrates, minerals, lipids and various vitamins that promote the 
proper growth, development and immunity of the infants. That’s why it is considered to be a complete food for new born 
babies. Moreover, it is also rich in various bioactive compounds which promote the maturation of immune system as well as 
develop body’s defense against infections. Among these bioactive agents, probiotic bacteria were isolated from human milk 
in this research work using selective MRS media. Two Lactobacillus spp. were isolated from each of the two breast milk 
samples, were observed as potential probiotics, and identified using morphological and biochemical tests. These bacteria 
were facultative anaerobic, gram positive, catalase negative and non-endospore forming. They showed tolerance against 0.3% 
bile concentration and 1-10% NaCl. Sugar fermentation patterns of both isolated bacteria also greatly varied. Isolate-1 from 
both sample 1 and 2 showed antimicrobial activity against Shigella flexneri, Shigella dysenteriae, Vibrio cholerae and 
Salmonella typhi. Isolate-2 from sample 1 and 2 showed antimicrobial activity against Shigella flexneri, Shigella dysenteriae, 
Vibrio cholerae, Salmonella typhi, Staphylococcus epidermidis and Pseudomonas spp. The addition of breast milk probiotics 
to infant formulas could be a new alternative to mimic some of the functional effects of human milk in children who are not 
breastfed 

Keywords: Human milk, Lactobacillus spp., Sugar fermentation pattern, Quantification of organic acid, Bile tolerance, Antimicrobial 
activity.
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1. Introduction      

Probiotics are live microorganisms which are defined 
by the World Health Organization/ Food and Agricultural 
Organization (2001) as: "Live microorganisms whose 
administration in adequate amount to the body is able to 
confer a health beneficial effect on the host". The most 
common types of microbes which are used as probiotics 
are lactic acid bacteria (LAB) and Bifidobacteria.  

A number of genera within Firmicutes phylum like 
Lactobacillus, Lactococcus, Lactosphaera, 
Carnobacterium, Enterococcus, Streptococcus, 
Tetragenococcus, Oenococcus, Pediococcus, Weissella, 
Melissococcus,   Vagococcus constitute lactic acid 
bacteria.(Ercolini et al., 2001; Jay, 2000; Holzapfel et al., 
2001). LAB are Gram-positive bacteria (Fooks et 
al.,1999) able to ferment carbohydrates into lactic acid 
and energy (Jay, 2000). Some LAB differ in their 
metabolic pathway for example homofermentative 
bacteria like Lactococcus and Streptococcus produce two 
lactate molecules from one glucose molecule while 
heterofermentative bacteria like Leuconostoc is able to 
convert one molecule of glucose into ethanol, lactate and 
carbon dioxide (Caplice and Fitzgerald, 1999; Jay, 2000; 
Kuipers et al., 2000).   

Furthermore, lactic acid bacteria yield some organic 
compounds that contribute to the aroma as well as flavor 
of the fermented products. (Caplice and Fitzgerald,1999).  

Human milk is a complex biological fluid that is 
species-specific and completely fulfills both nutritional 
and microbiological requirements of the new born. Breast 
milk boosts up immune system and builds body defense 
against various infectious diseases which makes it 
superior to other food supplements for infants. Various 
bioactive compounds like immunoglobulins, lysozyme, 
antimicrobial acids, oligosaccharides, glycoproteins for 
example lactoferrin, polyamines, immune cells and 
bioactive peptides present in breast milk that are 
responsible for it’s anti-infective effect (Saavedra JM, 
2002; Isaacs CE, 2005). These bioactive compounds of 
human milk play a major role in the regulation of the 
anti-inflammatory system. Due to immunomodulatory 
action of human milk, the incidence as well as severity of 
various infectious diseases like tetanus, poliomyelitis and 
diphtheria is lesser in breast-fed infants than those fed 
with other food formulae (Hahn-Zoric M. et al., 1990). 
The addition of breast milk probiotics to infant formulas 
could be a new alternative to mimic some of the 
functional effects of human milk in children who are not 
breastfed. That is why breast milk was selected as source 
of probiotic bacteria in this study. In human milk, most 
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frequently occurring LAB are Lactobacillus, Lactococcus 
and Enterococcus (Federico Lara-Villoslada1 et al., 
2007). 

Therefore the present research work was undertaken 
to isolate and characterize lactic acid bacteria from 
human milk and to study the antimicrobial properties of 
isolated probiotic bacteria.  

2. Materials and Methods 

2.1. Collection of samples 

Human breast milk used in this study was obtained 
from two healthy mother volunteers in Khulna Medical 
College Hospital. The samples were collected in sterile 
carriers and stored on ice until delivery to the laboratory. 
 

2.2. Media preparation 

The lactic acid bacteria Lactobacillus spp. were 
isolated from breast milk samples using selective MRS 
broth and MRS agar media (De Man, Rogosa and Sharpe, 
1960). Additionally, 0.5% salicin and 0.05% cysteine 
were added to MRS to improve the specificity of this 
medium for isolation of Lactobacillus acidophilus and 
Lactobacillus delb. ssp. bulgaricus, respectively 
(Hartemink et al., 1997; Lankaputhra et al., 1995; Shah, 
2000). The pH of the media was adjusted to 6.5 and 5.2, 
respectively, using a digital electrode pH meter.  
 

2.3.  Isolation of bacteria  

Lactobacillus isolate-1 from sample 1 and 2 was 
obtained using MRS-salicin medium at pH 6.5.  One 
milliliter of each sample was 4-fold serially diluted (l0-1 
to l0-4) in 0.15% sterile peptone water.  For this agar, the 
spread-plate technique was used. After solidifying, the 
plates were incubated anaerobically at 37°C for 24 h. For 
the isolation of Lactobacillus isolate-2 from the both 
samples, selective MRS-cystine agar medium at pH 5.2 
was used. Then one milliliter of each sample was 4-fold 
serially diluted (l0-1 to l0-4) in 0.15% sterile peptone 
water. The plates were incubated anaerobically at 45°C 
for 72 hr. The cultures were subjected to five sub-cultures 
to obtain the bacteria in pure culture. The cultures were 
maintained in MRS broth at pH 6.5. 
2.4.  Identification 

The isolated bacteria were identified as Lactobacillus 
spp. by observing their morphological characteristics and 
by means of several biochemical tests. 
2.5.  Sugar fermentation test 

MRS broth at pH 6.5 was put into a screw capped test 
tube and phenol red (0.01 g per L) was added into the 
tube as pH indicator. The medium was autoclaved at 
121°C for 15 min. After autoclaving, 1 ml of different 
types of sugar solutions (10%) (filtered and sterilized) 
were inoculated into the different tube. Then 200 µl of an 
overnight bacterial culture was inoculated into the broth 
medium and incubated anaerobically at 37°C for 24 h. As 
a pH indicator, phenol red was included in the medium; 
acid production changed the medium from its original 

color to yellow. After adding the proper amount of broth, 
Durham tubes were inserted into each culture tube in 
order to observe gas production.  
2.6.  NaCl tolerance test 

For the determination of NaCl tolerance of isolated 
lactobacilli, 10 test tube containing MRS broth were 
adjusted with different concentration (1-10%) of NaCl. 
After sterilization, each test tube was inoculated with 1% 
(v/v) fresh over night culture of Lactobacillus and 
incubated at 37°C for 24 h. After 24 h of incubation their 
growth was determined by observing culture medium 
turbidity.  
2.7.  Quantification of organic acid and determination of 
pH value  

One percent (v/v) 24 h active culture of lactobacillus 
was used to inoculate 10% sterilized skim milk obtained 
from whole milk (Vita Co-operative Bangladesh Ltd). 
The initial pH (6.62) was determined by a digital 
electrode pH meter. The inoculated skim milk was 
incubated at 37°C for 72 h and samples were collected at 
24 h, 48 h and 72 h. Samples having coagulated milk 
were separated by filtration. The pH of the separated 
liquid was recorded using a digital electrode pH meter 
and quantification of organic acid was performed through 
titration with 0.1 N NaOH.  
2.8.  Bile tolerance activity 

Bile tolerance of lactobacilli isolated from human 
milk was determined using the protocol described by 
Graciela and Maria (2001). 
2.9.  Antimicrobial activity of metabolites produced by 
Lactobacillus isolates 

Modified agar well diffusion method of Schillinger 
and Lucke (1989) and Toba et al. (1991) was used to 
detect antimicrobial activities of cell free supernatant 
(CFS) produced from the Lactobacillus isolates. These 
assays were performed in duplicate. Twenty milliliters of 
nutrient agar medium (MHA, Difco) were poured into 
each plate. The pathogenic strains (listed in table-8) 
obtained from bacterial stocks preserved in animal cell 
culture laboratory of Biotechnology and Genetic 
Engineering discipline, Khulna University, Bangladesh, 
were adjusted to109 cfu/mL by adding sterile water, and 
spread on the surface of nutrient agar plate. Four wells of 
4 mm diameter were cut into these agar plates using a 
sterile tip and 15 μL, 20 μL, and 25 μL  of the cell free 
supernatant (CFS) collected from 72 hour old bacterial 
culture were poured into three wells and MRS broth was 
placed in one well as negative control. The pH of the cell 
free supernatant was 6.1 and the MRS broth was adjusted 
to the same pH. The plates were incubated aerobically 
overnight at 37°C. The plates were examined for zones of 
inhibition. 

3. Results 

3.1.  Identification 

Bacteria isolated from human breast milk were 
identified as Lactobacillus spp. by observing their colony 
morphology, physiological as well as biochemical 
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characteristics. The isolates which grew on MRS agar 
media with 0.5% salicin and 0.05% cysteine had small, 
circular, white-creamy color, convex and nontransparent 
colonies. Microscopically they were Gram-positive, rod 
shaped, non-motile, catalase negative, and lacked 
endospores. 
3.2.  Sugar fermentation pattern  

Isolated bacteria were identified up to species level on 
the basis of their growth at different temperatures and 
sugar fermentation tests as recommended by Harrigan 
and McCance (1976). Four isolates were selected from 
two samples and subjected to sugar fermentation test. In 
the sugar fermentation patterns, mainly acid and no gas 
production was observed. The acids and gas production 
results are presented in Table-1. 
Table1.Sugar fermentation patterns of the four isolates from 
human milk samples 

Legend. Rib=Ribose, Sor=Sorbitol, Manni=Mannitol, 
Sucr=Sucrose, Fruct=Fructose, Cello=Cellobiose, Sal=Salicin, 
Lact=Lactose, (+) means good fermentation and acid production, 
(-) means no fermentation and no acid production. 

3.3. Tolerance to NaCl 

The identified lactobacilli (isolate -1 and isolate-2 
from sample 1 and 2) from human milk were able to 
tolerate 1-10% NaCl. The results are presented in Table 
2. 
Table 2. Tolerance of Lactobacillus isolate-1 and isolate-2 to 
NaCl  

Concentration 
of  NaCl (%) 

Isolate-1 Isolate-2 

Sample-
1 

Sample-
2 

Sample-
1 

Sample-
2 

1 +++ +++ +++ +++ 

2 +++ +++ ++ ++ 
3 +++ +++ ++ ++ 
4 +++ +++ ++ ++ 
5 ++ ++ ++ ++ 
6 ++ ++ + + 
7 ++ + + + 
8 ++ + - - 
9 + + - - 

10 - - - - 
Legend: (+++) maximal growth, (++) good growth, (+)minimal 
growth, (-) no growth.

 

3.4.  Quantification of organic acid and determination of 
pH value                                     

The identified lactobacilli from human milk (isolate-1 
and isolate-2 from both samples) coagulated the skim 
milk and produced organic acids in the sterilized skim 
milks which were detected by titrimetric methods. The 
results are presented in Table 3. 
Table 3. Organic acids (%) and pH in skim milk produced by 
Lactobacillus isolates from sample-1 and sample-2 of human 
breast milk 

3.5.  Bile tolerance test 

Isolated lactobacilli were screened for their ability to 
tolerate bile salts by spectrophotometery. Results 
comparing the tolerance of the different isolates to bile 
salts are presented in Tables 4, 5, 6 and 7. 
3.6.  Antimicrobial test 

Lactobacillus isolate-1 from sample 1 and 2 showed 
antimicrobial activity against Shigella flexneri, Shigella 
dysenteriae, Vibrio cholerae and Salmonella typhi. 
Lactobacillus isolate-2 from both samples showed 
antimicrobial activity against Staphylococcus 
epidermidis, S. flexneri, S. dysenteriae, V. cholerae, S. 
typhi, and Pseudomonas spp. Results are presented in 
Tables 8 and 9 and shown in figures 1 and  2. 
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1 24 37o 2.98 

6.61 

6.20 

48 37o 5.225 5.21 
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2 24 37o 2.112 6.01 

48 37o 3.423 6.12 
72 37o 4.714 5.89 
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48 37o 3.735 5.96 

72 37o 5.172 5.96 
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Table 4.:  Bile salt tolerance of Lactobacillus isolate-1 from 
sample-1 in MRS broth 

Concentration of bile salt (%) 

0.05 0.1 0.15 0.2 0.3 

Incubation time (hour) 

4 8 24 4 8 24 4 8 24 4 8 24 4 8 24 

Spectrophotometer reading 

1.
02

 

1.
92

7 

2.
19

6 

1.
05

5 

1.
94

0 

2.
15

6 

1.
04

4 

1.
97

4 

2.
21

4 

0.
98

7 

1.
90

1 

2.
21

4 

0.
89

4 

1.
88

7 

2.
13

5 

Table 5. Bile salt tolerance of Lactobacillus isolate-1 from 
sample-2 in MRS broth 

Table 6. Bile salt tolerance of Lactobacillus isolate-2 from 
sample-1 in MRS broth 

Table 7. Bile salt tolerance of Lactobacillus isolate-2 from 
sample-2 in MRS broth 

Bile salt concentration (%) 

0.05 0.1 0.15 0.2 0.3 

Incubation time (hour) 

4 8 24 4 8 24 4 8 24 4 8 24 4 8 24 

Spectrophotometer reading 

1.
10

4 

1.
95

0 

2.
71

1 

1.
27

6 

1.
97

4 
2.

52
1 

1.
14

4 

1.
94

8 

2.
44

0 

1.
22

0 

1.
93

3 
2.

18
0 

1.
23

8 

1.
91

6 

2.
24

6 

 

Table 8 . List of the pathogenic bacteria used in antimicrobial 
assay 

Bacteria no. Name of the bacteria 

1 Staphylococcus aureus 

2 Staphylococcus epidermidis 

3 E. coli 

4 Shigella flexneri 

5 Shigella dysenteriae 

6 Vibrio cholera 

7 Enterococcus faecalis 

8 Salmonella typhi 

9 Pseudomonas spp. 

Source: Animal cell culture laboratory of Biotechnology and 
Genetic Engineering discipline, Khulna University, Bangladesh. 

Table 9. In vitro antibacterial activity of Lactobacillus isolates 

Bacterial 
strains 

Diameter  of zone ofinhibition in mm 

Isolate-1 from 
sample 1 and 2 

Isolate-2 from 
sample 1 and 2 

V
ol

. 

15
μl

 / 
w

el
l 

20
μl

 / 
w

el
l 

25
μl

 / 
w

el
l 

15
μl

 / 
w

el
l 

 

20
μl

 / 
w

el
l 

25
μl

 / 
w

el
l 

1.Staphylococcus 
aureus 

Nil Nil Nil Nil Nil Nil 

2.Staphylococcus 
epidermidis 

Nil Nil Nil 9 16 17 

3. E. coli Nil Nil Nil Nil Nil Nil 

4. Shigella 
flexneri 

13 15 18 15 17 19 

5. Shigella 
dysenteriae 

10 16 17 14 17 22 

6. Vibrio cholera 13 18 9 13 17 22 

7. Enterococcus 
faecalis 

Nil Nil Nil Nil Nil Nil 

8. Salmonella 
typhi 

13 17 20 7 13 15 

9. Pseudomonas 
spp. 

Nil Nil Nil 15 16 19 

Figure 1. Antimicrobial activity of Lactobacillus isolate-1 
against Vibrio cholera and Shigella flexneri (fromleft to right). 
The wells depicted as Cont in each plate contained blank MRS 
media as negative control. 
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Figure 2. Antimicrobial activity of Lactobacillus isolate-2 
against Shigella flexneri, Vibrio cholera, Shigella dysenteriae 
and S. epidermidis (clockwise from upper left side). The wells 
depicted as Cont in each plate contained blank MRS media as 
negative control. 

4. Discussion 

On the basis of colonal, morphological and 
biochemical characteristics (gram positive, catalase 
negative, endospore absence, non-motile, tolerance to 
inhibitory substances e.g., 1-10% NaCl, milk coagulation 
activities, sugar fermentation pattern, bile tolerance 
activity and antimicrobial activity), the isolates were 
identified as Lactobacillus spp.. The colonies of 
Lactobacillus isolate-1 from sample 1 and 2 are 
presumed to be Lactobacillus acidophilus and appeared 
rough, dull white, 0.1-0.5 mm in diameter, and 
demonstrated medium to short rods. The colonies of 
Lactobacillus isolate-2 from both samples are presumed 
to be Lactobacillus delbrueckii ssp. Bulgaricus and 
appeared cottony, rough, irregular, white,1.0 mm in 
diameter, and demonstrated long rods in chains. Earlier 
studies by Vamanu et al. (2005), Emanuel et al. (2005), 
Lilia et al. (2002), Oyetayo (2004), and Eduardo et al. 
(2003) have found similar aforementioned characteristics 
in isolated lactobacilli. 

Isolate-1 from both samples tentatively identified as 
Lactobacillus acidophilus and isolate-2 (tentatively 
identified as Lactobacillus delbrueckii ssp. Bulgaricus) 
did not produce gas from glucose and other sugars and 
also showed variation in sugar fermentation patterns. 
Lactobacillus isolate-1 fermented all the sugars used 
except sorbitol. On the other hand, Lactobacillus isolate-
2 from sample 1 and 2 fermented only three sugars 
(ribose, fructose, lactose) among eight sugars. This 
observation is consistent with the studies of Shah et al. 
(2000), and Azizpour et al. (2009), who found similar 
fermentation patterns in their isolated lactobacilli.  

NaCl is an inhibitory substance which antagonizes the 
growth of certain types of bacteria. All of the isolates 
were able to grow at 1-7% NaCl concentration. Isolate-2 
did not grow at 8 %, 9% and 10% NaCl concentration, 

however, isolate-1 grew at these concentrations. Elezete 
and Carlos (2005) isolated lactobacilli from 
gastrointestinal tract of swine that were tolerable to 4-8% 
NaCl. Schillinger and Lucke (1987) were able to grow 
lactobacilli isolated from meat and meat products in the 
presence of 7.5% NaCl and these results are similar to the 
findings of this present study. 

Results have shown that organic acid production 
increased with the incubation time while pH of the media 
decreased with the increasing acid production. After 72 h 
incubation at 37°C, highest acidity (9.178%) and lowest 
pH (4.13) were observed for Lactobacillus isolate-1 from 
sample 1 and highest acidity (4.714%) and lowest pH 
(5.89) were observed for Lactobacillus isolate-1 from 
sample 2. On the other hand, after 72 h incubation at 
37°C, highest acidity (6.217%) and lowest pH (3.93) 
were observed for Lactobacillus isolate-2 from sample 1 
and highest acidity (5.172%) and lowest pH (4.89) were 
observed for Lactobacillus isolate-2 from sample 2. 
These findings are consistent with previous research 
findings of Haddadin et al. (2004), and Rashid et al. 
(2007). 

Although the bile concentration of the human 
gastrointestinal tract varies, the mean intestinal bile 
concentration is believed to be 0.3% w/v and the staying 
time is suggested to be 4 h (Prasad, et al., 1998). 
According to our findings, all of the study isolates are 
able to grow up in 0.05-0.3% bile salts.  

The capacity of substances to inhibit microbial growth 
is referred to as antimicrobial activity. Isolate-1 showed 
antimicrobial activity against S. flexneri, S. dysenteriae, 
V. cholerae and S. typhi. Diameter of zones of inhibition 
ranged from 10 mm to 20 mm. Isolate-2 showed 
antimicrobial activity against S. epidermidis, S. flexeneri, 
S. dysenteriae, V. cholerae, S. typhi and Pseudomonas 
spp. Diameter of zones of inhibition ranged from 7 mm 
to 22 mm. As the isolated lactic acid bacteria inhibited 
these pathogenic strains successfully, it may be expected 
that addition of these human milk probiotics to 
commercial food products for infants would confer 
effective protection against infections caused by these 
pathogens.  

5. Conclusion 

Lactic acid bacteria were isolated from human milk in 
pure culture and various properties of isolated bacteria 
were determined. All of isolates showed tolerance to bile 
salt, organic acid production and antimicrobial activity 
against some indicator microorganisms. Phenotypic 
identification effectively differentiated the isolates 
especially sugar fermentation patterns. Two different 
isolate strains were identified and these could be used as 
potential probiotic strains.  

6. Recommendations 

Future research work regarding adhesion to mucosal 
surface, clinical studies for human health, strain stability, 
bacteriophage resistance, viability in products, antibiotic 
resistance should be carried out. 
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Abstract 

Hypericum sinaicum is one of the near endemic plant species in Saint Katherine Protectorate. Found only in Sinai and 
Northwest Saudi Arabia, there are many challenges to the conservation of this species. The aim of this study is to: (1) identify 
and rank the different threats, and to identify their underlying root causes, as well as the barriers, affecting the conservation of 
the medicinal plants specially Hypericum sinaicum within the rich areas of SKP, and (2) compare and reassess documented 
by Assi (2007) in the same area. 237 circles with diameter 10 m were established to cover all environmental gradients with 
equal distance between each other. At each point we recorded all factors within the field that may be become Threat to the 
plant community, to medicinal plants. Results found that drought, feral donkeys and over collection are the most harmful 
threats for Hypericum sinaicum in Saint Katherine Protectorate, and most of root causes come from lack of awareness, weak 
law enforcement, lack of suitable strategies, weak financial support and lack of stakeholders’ cooperation. 

Keywords: Threat Assessment, Hypericum sinanicum, Conservation Challenges, Saint Katherine Protectorate, Threat Levels. 

                                                 
* Corresponding author. e-mail: kariemomar@gmail.com. 

1. Introduction 

It is clear that the loss of biodiversity has serious 
economic and social costs. The genes, species, ecosystems 
and human knowledge that are being lost represent a living 
library of options available for adapting to local and global 
change (UNEP, 1995). Environmental deterioration in arid 
ecosystems due to unmanaged human activities including 
harvesting of vegetation for fuel and medicine, 
overgrazing, urbanization and quarrying is evident in a 
decrease of plant cover, deterioration of soil productivity, 
and aggravation of soil erosion (Batanouny, 1983). 
Damage to vegetation and the soil surface and in arid lands 
is not easily repaired (Milton et al., 1994). These activities 
can impact the sustainable production of food, fiber, and 
fuel from these lands.  

The Saint Katherine (SK) region is situated in the 
southern part of Sinai and is a part of the upper Sinai 
massif. It is located between 33˚ 55' to 34˚ 30' East and 28° 
30' to 28° 35' North. The Saint Katherine Protectorate 
(SKP) is one of Egypt’s largest protected areas and 
includes the country’s highest mountains. This arid, 
mountainous ecosystem supports a surprising biodiversity 
and a high proportion of rare and endemic plants. The flora 
of the mountains differs from other areas in Sinai, due to 
unique geology, morphology and climate (Hatab, 2009). 

H. sinaicum is one of the near endemic species in SKP, 
as its distribution is limited to Sinai and Northwest Saudi 

Arabia (Boulos, 2002). H. sinaicum is listed as a rare 
species (IUCN, 1994), and it has high medicinal 
importance. Extraction from aerial parts produce 
substances like hypericin, protohypericin, pseudohy-
pericin, protopseudohypericin, and hyperforin which have 
been shown to inhibit the growth of retroviruses in animals 
in addition to the treatment of depression (Rezanka and 
Sigler, 2007). 

The vegetation in Saint Katherine Protectorate has been 
subjected to disturbance through human activities 
including "overgrazing, uprooting, tourism, quarrying and 
over-exploitation". For example, rarity of these species 
may be due to slow regeneration (e.g. Thymus decussates), 
or drought (e.g. Hypericum sinaicum) (Mosallam, 2007). 
Also H. sinaicum showed medium affect by tourism, 
construction and goat (Capra hircus) grazing (Assi, 2007). 

The threat from feral donkeys (Equus asinus) is 
aggravated by the fact they cause destruction to a variety 
of plant species through trampling (Khafaja et al., 2006). 
Bedouins consume many plants in SKP (mainly as herbal 
infusion) (Khafaja et al., 2006).  However, overharvesting 
is to a large extent due to commercial collecting and not 
collecting for personal use. The quantities collected for 
personal use are minor compared to those collected for 
trade (Assi, 2007). 

Successful tourism attracts migrant labor, aggravating 
pressure on infrastructure and environmental resources. 
Even ecotourism can degrade the environment, because 
many of the places visited by ecotourists support fragile 
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ecosystems (Budowski, 1976). Structures in ecologically 
fragile areas destroy habitats. Access roads impact a 
greater area of habitat than the tourist projects themselves. 

Bedouins used to have their own system of protection 
(Hilf): An agreement to close an area to grazing for a 
certain period to allow for recovery. Now because of 
Bedouins’ settlement, overgrazing has become a threat 
because of the limited area for grazing around the 
settlements, this is in spite of a reduction in average herd 
size from 50 prior to settlement to 10 currently (Assi, 
2007). Some collecting has stemmed from an increased 
interest at the national and international level in research 
on the active ingredients of medicinal plants (MPs) 
particularly rare and endemic species. Researchers are 
interested in conducting their studies on sources obtained 
from the wild and not from cultivation (Assi, 2007). 

The aim of this study is to: (1) identify and rank the 
different threats, identify their underlying root causes, and 
identify the barriers affecting the conservation of the 
medicinal plants, especially Hypericum sinaicum within 
SKP and (2) compare and reassess populations 
documented by Assi (2007) in SKP. 

2.  Materials and Methods  

From the previous surveys we extracted 22 locations 
where Hypericum sinaicum was present (Shak Itlah, Wadi 
Tenia, Farsh Messila, Elmaein, Shak Sakr, Abo Tweita,  
Kahf Elghola, Elmsirdi, Wadi Eltalaa, Sherage, Ain 
Shekaia, Tobok,  Elzawitin, Elgalt Elazrak, Abu Hebeik, 
Eltibk, Farsh Elromana, Abu Kasaba, Abu Walei, Elgabal 
Elahmar, Shak Mosa, Wadi Elrotk) within Saint Katherine 
Protectorate. We used a systematic sampling approach to 
capture local environmental gradients, placing 237 circles 
with 10 m diameters at equal distances apart. Within each 
circle we recorded within the field that may be a threat to 
the plant community. These factors included the following: 
feral donkeys, plant over collection, tourist intrusions (e.g. 
trespassing beyond trail borders and collection of firewood 
during camping), overgrazing, collection for scientific 
research, urbanization and settlement expansion and 
quarries as they were recorded by Assi (2007). This study 
taken place in the period from March 2012 to September 
2012. 

At each site a GPS fix was recorded in decimal degrees 
and datum WGS84 using Garmin 12 XL receiver. The fix 
was recorded to the fifth decimal digit. Arc View GIS 9.2 
was used to plot the study sites. Wadi boundaries were 
digitized from 1:50,000 topographic maps with Egyptian 
Transverse Mercator projection (Blue belt). The Natural 
Neighbor tool from GIS 9.2 software (Spatial 
Interpolation) was used to make hot spots analysis by use x 
and y coordinates.  
2.1. Identifying Threats 

From Assi (2007), we extracted 7 main threats 
affecting the distribution of wild plants within SKP. Each 
threat was evaluated as follows:   
2.1.1. Feral Donkeys 

Using the methods of Alqamy (2005), Hatab (2009), 
and Omar et al. (2012), numbers of dung (droppings) of 

donkeys were counted at each circle to frequency of 
animal presence.  
2.1.2. Overcollection 

At each circle we recorded any sign of plant collection 
for the purposes of trade as medicinal plants, fuel or any 
economic value. Also assessment through meetings and 
interviews with the relevant stakeholders (collectors, 
traders and cco guides) will cover the medicinal plants rich 
sites within SKP and identify the hot spots (Assi, 2007).  
2.1.3.  Tourist Intrusions 

At each site we recorded any tourism activity (paths, 
camping, rest points and wastes) and ranked each point by 
density level (How much area it cover) (Very low 20%, 
Low 40%, Medium 60%, High 80% and Very high >80%). 
2.1.4. Overgrazing 

Level of grazing was measured by dung abundance and 
ranked each point by density level (How much area it 
cover) (Very low 20%, Low 40%, Medium 60%, High 
80% and Very high >80%).) Mammal dung was surveyed 
by recording the species concerned (mainly camel, goat, 
ibex, and fox) and the number of droppings (Alqamy, 
2005, and Omar et al., 2012).  
2.1.5. Collection for Scientific Research 

We recorded all sites and target species of scientific 
interest by universities, research centers and scientific 
scholarships within SKP by reviewing reports and 
notifications from EIA (Environmental Impact 
Assessment) created by SKP staff. 
2.1.6. Urbanization and Settlement Expansion 

In this factor we used several approaches. First, using 
satellite images available in Google Earth 6.0.1.2032 
(beta) with build date 2010, we observed settlements, 
roads and gardens and characterized them according to 
boundaries and density. Second, we carried out field 
assessment to detect any expansion (buildings, dams, wells 
and roads). Third, we carried out meeting with 
stockholders (City committee) to identify the hot spot sites 
defined as high impact area. 
2.1.7. Quarries 

We recorded all quarrying sites within SKP and created 
maps describing the exposed area for its impact of each 
site. 
2.2. Underlying threat root causes, barriers and solutions 

For each threat, we assigned the root causes, barriers, 
area, intensity, urgency, total ranking and categorical 
threat level. The above terms will describe as follows: 
Root causes: These are the underlying factors, usually 
social, economic, political, institutional, or cultural in 
nature, which enable or otherwise contribute to the 
occurrence and/or persistence of direct threats (IUCN 
definition). There is typically a chain of underlying causes 
behind any given direct threat.  

Barriers: These are constraints (institutional, legal, 
technical, knowledge), which limit effective conservation 
of MPs.  

A = Area: Approximate proportion of the overall area 
of a site likely to be affected by a threat under current 
circumstances (i.e. given the continuation of the existing 
situation). *Since there are 8 direct threats, the highest 
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ranked threat for “Area” receives a score of 8, and the 
lowest ranked threat receives a score of 1 (Assi, 2007).  

I = Intensity: refers to the impact of the threat within a 
micro-site. Will the threat completely destroy the habitat in 
a small locality, or will it only cause minor changes (i.e. 
given the continuation of the existing situation). Since 
there are 8 direct threats, the highest ranked threat for 
“Intensity” receives a score of 8, and the lowest ranked 
threat receives a score of 1 (Assi, 2007).  

U = Urgency: The importance of taking immediate 
action to counter the threat. Since there are 8 direct threats, 
the highest ranked threat for “Urgency” receives a score of 
8, and the lowest ranked threat receives a score of 1.  

TR = Total Ranking: Sum of Area + Intensity + 
Urgency (Assi, 2007). 
2.3. Threat Level 

Threat levels have been arranged as:  
1. Very High (rating above 20): The threat is likely to be 

very widespread or pervasive in its scope, is likely to 
destroy or eliminate the conservation target over some 
portion of the target’s occurrence at the site and 
seriously affect the conservation target throughout the 
target’s occurrence at the site. The threat must be 
countered immediately or limited action today will 
likely mitigate much more intensive action in the 
future. 

2.  High (rating between 15 and 20): The threat is likely 
to be widespread in its scope, to seriously degrade and 
affect the conservation target at many of its locations at 
the site. The threat must be countered in the next 5 
years OR limited action in the next 5 years will likely 
mitigate much more intensive action in the future.  

3.  Medium (rating between 9 and 14): The threat is 
likely to be localized in its scope, to moderately 
degrade and affect the conservation target at some of 
the target’s locations at the site. The threat probably 
will need to be countered in the next 5-10 years.  

4. Low (below 9): The threat is likely to be very localized 
in its scope, is likely to only slightly impair and affect 
the conservation target within a limited portion of the 
target’s location at the site. The threat does not need to 
be countered in the next 10 years (Assi, 2007). 

3. Results and Discussion 

A total of 237 circles with average 10 per location were 
studied and output results can surmised as follows: 
3.1. Threats hotspots and effect 

3.1.1.  Feral Donkeys 
A total of 129 (54.4%) sites out of 237 were affected by 

feral donkeys. Twenty five (10.5%) sites had a high 
frequency of donkey occurrence, 45 (18.9%) had a 
medium level, 45 (18.9%) had a low level, 14 (5.9%) had a 
very low level and 108 (45.6%) sites had no donkey 
droppings. 

It was observed that donkey’s distribution affected by 
vegetation cover (donkeys concentrated on areas with high 
vegetation cover) which affecting by good water supply 
and showed negative relation with Bedouin community 
distribution (distributed away from human presence). Sites 
located within elevations ranging from 1800 m to 2000 m 

such as Abu Tweita, Wadi Gebal, Farsh Elromana and 
Farsh Messila recorded the highest presence for donkeys 
(Map 1). Grazing by these usually causes uprooting of the 
plants as indicated by Bedouins and field observations and 
this prevents plant regrowth. Soil compaction is associated 
with use by these animals and causes destruction to a 
variety of plant species through continuous trampling 
(Khafaja et al., 2006). 

The field observations showed that feral donkeys 
grazed on a very wide spectrum of plant species compared 
with goats and camels; however, the numbers of feral 
donkeys have decreased sharply compared with the results 
of Assi (2007). The local community explained this was 
due to the sharp decrease in water supply. 

Map 1. Distribution of feral donkeys within study area 

3.1.2.  Over collection 
Fifty-eight sites (24.4%) of 237 were affected by plant 

collection. One site 0.4%) had a high level of plant 
collection, 10 (4.2%) had a medium level, 16 (6.7%) had a 
low level, 32 (13.5%) had very low collection pressure and 
178 (75%) sites showed no observations for plant 
collection. 

Locations like Abo Hebik, Elgalt Elazrak, Abu Tweita, 
Sherige, Shak Musa, Elmesirdi and wadi Eltalaa are most 
targeted for collection (Map 2). These sites are 
characterized by high plant productivity and water supply; 
however, the collecting of plants increased with 
precipitation and was concentrated between March and 
December each year (flowering season). It was observed 
that collecting of plants may be affected by economic 
factors. In other words, when tourism levels fall, Bedouin 
start to collect plants for income. Results obtained from 
local communities showed that women are the most 
common collectors of plants, and they collect 5 times per 
season. Although the reasons for collecting these plants are 
always for trade or personal use as fuel, the use of plants 
as fuel has decreased sharply with the advent of butagaz. 

Map 2. Hotspots of plant collection within study area 
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Results showed that Origanum syriacum, Mentha 
longifolia, Salvia multicaulis, Chiliadenus montanus, 
Crataegus x sinaica and Thymus decussatus are the most 
collected species for trade within the study area because of 
their medicinal value (Table 1), and these results confirm 
those of Assi, (2007).  Cotoneaster orbicularis, Phlomis 
aurea, Crataegus x sinaica, Ziziphus spina-christi, 
Rhamnus dispermus and Globularia arabica are the most 
common species used as fuel (Table 1). 
Table 1. Economic importance of some plant species within the 
study area 

  Economic use 

Species Medicinal Fuel Food 

Ballota undulata  
 (Fresen.) Benth. Low    

Foeniculum vulgare  
(Ucria) Cout. Low    

Globularia arabica  
Jaub. & Spach. Medium High   

Hyoscyamus boveanus  
 (Dunal) Asch. & Schweinf. Medium    

Plantago sinaica  
(Barneoud) Decne. Medium    

Rhamnus  dispermus Boiss. Medium High   

Rosa arabica Crep. High Medium   

Stachys aegyptiaca Pers. High    

Tanacetum sinaicum  
(fresen.) Delile ex Bremer & 

humphries. 
High    

Teucrium polium L. High    

Verbascum sinaiticum Benth. High    

Ziziphus spina-christi (L.) High High High 

Achillea fragrantissima (Forssk.) 
Sch. Bip. High    

Serphedium herba-alba  Asso. High    

Artemisia judaica L. High    

Chiliadenus montanus  (Vahl) 
Brullo. High    

Crataegus x sinaica Boiss. High High   

Mentha longifolia (L.) Huds. High    

Origanum syriacum (Boiss.)  
Greater & Burdet. High    

Pulicaria undulata  (L.) C. A. Mey. Medium    

Salvia multicaulis Vahl. High    

Thymus decussatus Benth. High    

Cotoneaster orbicularis Schltdl.  High   

Phlomis aurea Decne.  High   

Ficus carica L.     High 

Hand picking of plant species is widely practiced as 
indicated by stakeholders, particularly collectors, which 
increases the rate of uprooting instead of using pruning 
shears. Collections of some species, such as Origanum 
syriacum and Salvia multicaulis, are limited to flowers. 
This could impact a plant species’ life cycle and decrease 
the population size with time. It was observed that most 
collectors collect species with medicinal or economic 
value for personal consumption; however, the amount 
collected for this purpose is small compared with amounts 
collected for trade. Bedouin mentioned that Hypericum 
sinaicum with its great medicinal importance is still 
unused by local communities for folk medicine in SKP. 

3.1.3. Tourist Intrusions 
Two hundred one sites (84.8%) out of 237 were 

affected by tourism. Thirty eight sites (16%) had a high 
level of tourism, 47 (19.9%) had a medium level, 72 
(30.3%) had a low level, 44 (18.5%) had a very low level 
and 36 (15%) sites showed no observations of tourism. 
Wadi Gebal, Farsh Elromana, Elgalt Elazrak, Abu Tweita, 
Wadi Tenia, Wadi Sherige and Wady Eltalaa were the sites 
with the highest levels of tourism (Map 3). About 3 
million people from 51 nationalities visited SKP from 
2003 to 2011 with an average 335.000 people per year. 
Most of them focused on the northern part of SKP, a world 
heritage site (Map 3).  Many of the tourists do safari and 
camp in remote areas; usually safaris extend for many days 
using different camping sites; the most camping sites are 
in Firsh Elromana, Wadi Tenia, and Wadi Gebal.  

Some of the negative impacts associated with tourists 
include collecting medicinal plants as souvenirs from the 
SKP and plant collection for fuel. Soil compactions due to 
trespassing leads to poor vegetation cover and results from 
trampling. Camping takes place in sheltered sites which 
provide water sources for tourists. 

Map 3. Hotspots of tourism within study area 

3.1.4. Grazing analysis 
Results showed that the animals recorded within the 

greatest number of sites in the study area were goats 
followed by camels. A total of 158 sites (66.6%) out of 
237 were affected by goats. Twenty eight sites (11.8%) 
had a high level of goat presence, 21 (8.8%) had a medium 
level, 69 (29.1%) had a low level, 39 (16.4%) had a very 
low level and 79 (33%) sites showed no observations for 
goat dung. Elmesirdi, Sheiage, Elahmar and Shak Musa 
had the most sites with goats presence which can be 
explained by their proximity to local community 
settlements (Map 4). 

A total of 103 sites (43.5%) out of 237 were affected by 
camels. There were 14 sites (5.9%) with a high level of 
camel presence, 26 (10.9%) with a medium  level, 42 
(17.7%) with a low level, 21 (8.8%) with very low level 
and 134 (56.5%) sites with no observations for camel 
dung.  Elawitein, Wadi Gebal, Wadi Tenia, Abu Tweita 
and Farsh Elromana had the most sites with recorded 
presence of camels. This can be explained by the easy 
access and heavy use by tourists for camping supported by 
camels (Map 4). 
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Ibex dung was found in low quantities at specific 
locations like Emesirdi, Shak Musa and Elahmar. The 
presence of these animals depended on the presence of 
water. Eleven sites (4.6%) sites out of 237 were affected 
by Ibex. Five (2.1%) had low presence, 6 (2.5%) recorded 
very low presence and 226 (95.3%) sites showed no 
observation for Ibex dung. There was significantly more 
domestic mammal dung  (goats (58%) and camels (39%)) 
encountered than native mammal dung and this agrees 
with results observed by Guenther et al. (2005) and Omar 
et al. (2012).  

Map 4. Hotspots of grazing animals within study area; 1- Goat, 2- 
Camel and 3- Ibex. 

There were 18 plant families that showed heavy 
grazing; Asteraceae (33.3%), Lamiaceae (22.2%), 
Brassicaceae (16.6%) and Caryophyllaceae (16.6%) were 
the predominant families among grazed plants. It was 
observed that the following species were the most 
frequently grazed: Juncus rigidus, Hypericum sinaicum, 
Galium sinaicum, Zilla spinosa, Mentha longifolia, 
Anarrhinum pubescens and Scrophularia libanotica, See 
Tables (2, 3). 
Table 2. Recorded families affected by grazing and number of 
species in each family 

Family Number of 
grazed species 

Grazed species 
% 

Asteraceae 6 33.3 
Lamiaceae 4 22.2 
Brassicaceae 3 16.7 
Caryophyllaceae 3 16.7 
Moraceae 2 11.1 
Schrophulariaceae 2 11.1 
Juncaceae 1 5.6 
Asclepiadoideae 1 5.6 
Dipsacaceae 1 5.6 
Globulariaceae 1 5.6 
Hypericaceae 1 5.6 
Papaveraceae 1 5.6 
Plantaginaceae 1 5.6 
Poaceae 1 5.6 
Resedaceae 1 5.6 
Rosaceae 1 5.6 
Umbelliferae 1 5.6 
Zygophyllaceae 1 5.6 

Table 3. Number of grazed stands by species within the study 
area and their frequency 

Species No of Grazed 
Stands 

Juncus rigidus Desf. 25 
Hypericum sinaicum  
Hochst.&Steud. 20 

Galium sinaicum  
(Delile ex Decne.) Boiss. 14 

Zilla spinosa Prantl. 13 
Mentha longifolia (L.) Huds. 10 
Anarrhinum pubescens Fresen. 10 
Scrophularia libanotica Boiss. 9 
Crataegus x sinaica Boiss. 9 
Ficus palmata Forssk. 8 
Diplotaxis harra. 
 (Forssk.) Boiss 6 

Centaurea eryngioides  Lam. 6 
Pterocephalus sanctus Decne. 6 
Teucrium polium L. 5 
Origanum syriacum  
(Boiss.) Greater & Burdet. 5 

Achillea fragrantissima 
 (Forssk.) Sch. Bip. 4 

Silene schimperiana Boiss. 4 
Phlomis aurea Decne. 3 
Plantago sinaica 
 (Barneoud) Decne. 3 

Matthiola arabica Boiss. 3 
Echinops spinosus L. 2 
Seriphidium herba-album  
(Asso) Sojak. 2 

Globularia Arabica 
 Jaub. & Spach. 1 

Arenaria deflexa Decne. 1 
Fagonia mollis Delile 1 
Ficus carica L. 1 
Gymnocarpos decandrus 
Forssk 1 

Bufonia multiceps Decne 1 
Cynodon dactylon (L.)Pers. 1 
Launaea spinosa  
(Forssk.) Sch. Bip. ex Kuntze 1 

Caylusea hexagyna 
 (Forssk.) M. L. Green. 1 

Deverra triradiata Poir. 1 
Launaea nudicaulis (L.) Hook. 
F. 1 

Results showed that Tebok, Abo Twita, Ain Shekia, 
Shak Sakr and Elmesirdy had the highest number of 
grazed plants among the different locations (Table 4). 
These locations are having high levels of tourism and other 
human activities which are compounded by the presence of 
camels and donkeys used as transportation to and from 
historical sites. Bedouin communities are also settled 
beside these locations and this increases goat presence in 
these locations. 
Table 4. Average no. of grazed individuals among different 
locations 

Location 
Average No. of 

Grazed 
Individuals 

Tobok 9 
Abu Tweita 7 
Ain Shekaia 7 
Shak Sakr 7 

Abu Hebeik 6 
Elahmar 6 
Elgalt 6 

http://www.google.com.eg/search?hl=ar&biw=&bih=&q=Hypericaceae&gbv=2&nfpr=&spell=1
http://www.google.com.eg/search?hl=ar&biw=&bih=&q=Hypericaceae&gbv=2&nfpr=&spell=1
http://www.google.com.eg/search?q=Plantaginaceae&hl=ar&biw=&bih=&gbv=2&gs_l=heirloom-serp.3...4612.4612.0.5252.1.1.0.0.0.0.0.0..0.0...0.0...1c.1.VyENbhefQrQ&nfpr=&spell=1
http://www.google.com.eg/search?q=Plantaginaceae&hl=ar&biw=&bih=&gbv=2&gs_l=heirloom-serp.3...4612.4612.0.5252.1.1.0.0.0.0.0.0..0.0...0.0...1c.1.VyENbhefQrQ&nfpr=&spell=1
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Elazrak 
Elmesirdy 6 
Farsh Messila 5 
Shak Itlah 5 
Shak Musa 5 

Sherage 5 
Abu Kasaba 4 

Elmaein 4 
Wadi Eltalaa 4 
Elzawitein 4 

Farsh Elromana 4 
Eltebk 3 

Wadi Tenia 1 
Abu Walei 0 

Kahf Elghola 0 

There is high grazing pressure on Hypericum sinaicum 
especially by goats which find Hypericum is a good source 
of moisture. Species like Echinops spinosus and 
Hypericum sinaicum with different morphological traits 
(High, width, leaf shape and size index) often differ in 
their responses to grazing (Landsberg et al., 1999; 
McIntyre et al., 1999; Bullock et al., 2001; Diaz et al., 
2001; Dupre & Diekmann, 2001; McIntyre & Lavorel, 
2001; Cingolani et al., 2005; De Bello et al., 2005; Louault 
et al., 2005; and Omar et al., 2012). 
3.1.5. Collection for Scientific Research 

A very low number of sites were affected by collection 
for scientific research (e.g., for the purpose of herbarium 
specimens, phytochemistry or genetics). The research that 
affected the most sites was the collection of specimens for 
herbaria. The collectors sometimes collected a big amount 
of plants complete with flowering parts and roots. Also, 
collection for phytochemistry requires more than a kilo for 
good extraction (traditional knowledge). Results showed 
that the most affected sites were Wadi Tennia, Abu 
Tweita, Elmesirdi, Abu Kasaba, Shak Musa and Elgalt 
Elazrak (Map 5).  

The organizations most associated with collecting for 
purposes of research were Egyptian research centers 
(Desert research center and National Research Center), 
Egyptian Universities (Cairo Univ. and Ain Shams) and 
foreign Universities (Nottingham Uni.). 

Map 5. Hotspots of sites used for scientific research 
3.1.6.  Urbanization and Settlements Expansion 

The entire study area is located within a high mountain 
area, which is far from cities and Bedouin settlements. 
Within our study area, we recorded human activities, 
including destruction of rocks for building gardens and 
digging wells; the sites with the most frequent effects of 
human settlement were Abu Twita and Zawitein (Map 6). 

Map 6. Hotspots of human activity within the study area 

Main roads (asphalt roads) located and ending in SK 
City are also far from the study area. Bedouin gardens 
were distributed at all sites within the study area but had 
the highest frequency at Wadi Gebal, Farsh Elromana, 
Wady Tenia, and Farsh Messila (Map 7). 

Map 7. Distribution of gardens within the study area 

3.1.7. Quarries 
No quarries were recorded within study area; all 

quarries are concentrated at the southern part of SKP 
(Wadi Elkabila, Wadi Elsamaa, Wadi Om Adawy and Al-
Nheid (Map 8). 

Map 8. Distribution of quarries within SKP 

3.2.  Threat ranking and level of effect 

Results derived from current threat analysis were 
compared with those obtained by Assi (2007) (Table 5). 
The results showed that, some threats decreased such as 
feral donkeys (42%), over collection (29%) and quarries 
(25%) and others increased such as tourist intrusions 
(27%), overgrazing (20%), urbanization & settlement 
expansion (80%), and collection for scientific research 
(30%) this can be resulting from the change in climate 
conditions, it was recorded that the rainfall amount in 2007 
was 17.60 mm comparing with 12.30 mm in 2012.
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Table 5. Threat Analysis (TA) comparison between 2007 and 2012 

Threats Year 
Criteria Rankings 

Total Ranking Threat level change 
Area Intensity Urgency 

Feral Donkeys 2007 5 7 7 19 High + 

Feral Donkeys 2012 3 5 3 11 Medium - 

Over collection 2007 7 5 5 17 High + 

Over collection 2012 5 4 3 12 Medium - 

Tourist Intrusions 2007 3 4 4 11 Medium - 

Tourist Intrusions 2012 5 6 3 14 Medium + 

Overgrazing 2007 4 3 3 10 Medium - 

Overgrazing 2012 4 4 4 12 Medium + 

Collection for  

Scientific research 
2007 2 2 2 6 Low 

- 

Collection for  

Scientificresearch 
2012 3 3 2 8 Low 

+ 

Urbanization &  

Settlements Expansion 
2007 2 1 2 5 Low 

- 

Urbanization &  

Settlements Expansion 
2012 3 3 3 9 Medium 

+ 

Quarries 2007 1 2 1 4 Low + 

Quarries 2012 1 1 1 3 Low - 

Total 2007 24 24 24 72  + 

Total 2012 23 25 19 69  - 

3.3. Underlying threat root causes, barriers and 
solutions 

From the previous results and from data 
collected from local comunities we can conclode 

and disscuss all threats, root causes, barriers and 
solutions in the following table (Table 6).

Table 6. Different threats root causes, barriers and solutions 

Threat Root causes Barriers Solutions 

Feral Donkeys: • Bedouins, after recent 
settlement around SK City, have 
left the donkeys neglected in the 
mountains.  
• Those animals require high 
amount of feeding and were 
largely replaced by camels.  
• The recent use of trucks for 
water transport.  
 

• Lack of strategy to deal with invasive 
species.  
• Insufficient awareness on possible 
damages resulting from invasive species.  
• Loss of sufficient funding for 
addressing feral animal abundance. 
 

• Use conventional methods of control including 
 soft catch traps and hunting. 
• Increase awareness of Bedouins 
 about the impacts (and potential impacts) of feral 
species on their environment and their culture 
emphasizing the importance of eradication and 
management. 
•  Establish a comprehensive strategy,  
using a participatory approach with the local 
Bedouins, to deal with possible future colonization.  
• Establish a strategy to prevent and  
control invasive species.  

Over collection: • Quick economic gain.  
• Increased market demand for 
medicinal plants at the national 
level.  
• Firewood gathering for 
heating and cooking.  
• Bedouins recent settlements 
in “Wadis” around SK increased 
over collection around those 
settlements.  
• Poverty encourages intensive 
use of natural resources including 
medicinal plants.  
• Cheap prices offered per bag 
in the absence of added value and 
proper market linkages.  

• Week enforcement of regulations.  
• Lack of awareness on plant values, 
endemism, and ecological role.  
• Most collectors are not organized in an 
association or cooperatives, etc.  
• Limited accessibility to firewood 
alternatives in remote settlements.  
• Land tenure: “Open access” system.  
• Inadequate alternative sources of 
income.  
• Cultivation areas insufficient to meet 
demand.  
• Cultivation programmers do not 
involve the wild collectors.  
• Lack of fund source to encourage local 
community to use other methods for 
gaining money. 

• Develop species-specific regulations regarding 
harvesting quotas, rotation of collecting areas, etc.  
• Cultivation reduces the pressure on Medicinal 
Plants (MP) wild population and decreases 
overharvesting. The project should continue the 
cultivation program; however, there should be a 
focus to involve wild collectors in cultivation of 
MPs.  
• Increase awareness and capacities for the law 
enforcement cycle.  
• Enhance MP association (Association located 
at SK City) capacities for marketing of conservation 
friendly MP products.  
• Strengthen technical and capacities of the MP 
association for value-added process and product 
improvement.  
• Conduct extensive trainings for local collectors 
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• It’s away for money gain 
when tourism falls down. 
 

on time of harvesting, suitable manners of 
transporting, and storing of medicinal plants to 
avoid loss in quality and quantity.  
• Increase consumer sensitivity towards 
biodiversity friendly MP-derived products.  
• Promote regeneration or reinforcement of 
populations by re-seeding or other ways of 
propagation as appropriate for each species.  
• Rehaplitation proses must take place for rare 
species affected by over collection. 
• Finding continues source for money to those 
who haven’t any source for living except collection 
of medicinal plants. 

Tourist 
Intrusions: 

Trespassing beyond trails 
borders:  
• Negligence and saving time. 
Collection of firewood during 
camping:  
• Negligence. 
• Guide saving money (instead 
of buying the firewood from the 
city). 

• Week enforcement of regulations.  
• Low level of awareness among tourists 
on plant values, endemism, and 
ecological role.  
• Insufficient awareness among tour 
operators and tour guides with respect to 
Protectorate’s regulations. 
•  Insufficient number of protectorate’s 
staffing. 

• Increase awareness regarding the regulations on 
firewood among stakeholders engaged in tourism 
businesses.  
• Increase awareness among tourists on plant 
values, endemism, and ecological role.  
• Produce awareness materials on the threat of 
firewood collection on biodiversity including MPs 
to be distributed in the protectorate visitor’s center.  
• The appointment of people to work in order to 
monitor the activities of park visitors and provide 
environmental services and information to them. 

Overgrazing: •Bedouins recent settlements in 
“Wadis” around SK resulted in 
limited land available for grazing 
around those settlements.  
•Collapse of the traditional 
grazing system (Hilf). 

• Lack of efficient and sustainable 
implementation of alternatives to grazing.  
• Limited access of the Bedouins to, and 
high cost, of supplementary animal feed.  
• Land tenure: “Open access” system.  
• Lack of extension and veterinary 
services for herds.  
• The Agricultural unit in SK is not active. 

• Investigate local Feed block Unit feasibility. 
Promoting feed blocks as supplemental feeding may 
be a sustainable solution that could be investigated. 
Feed blocks make use of non-conventional local 
feed resources including olive and fruit remnants, 
etc. This is a cheap alternative and can alleviate 
some pressure on grazing resources.  
• Continue efforts in reviving the traditional 
grazing system “Hilf”.  
• Increase the public awareness about the 
importance of MPs and endemism and the way they 
can select the most appropriate places for grazing. 

Collection for 
Scientific 
Research: 

•Increased interest at the national 
and international levels in 
studying the active ingredients 
and other characteristics of MPs 
species (particularly endemic and 
rare species). 
• Researchers are interested in 
conducting their studies on 
sources obtained from the wild 
rather than from cultivation.  
•Low of researcher awareness 
about the importance of MPs and 
the actual quantities they want. 

• Week enforcement of regulations. 
•  Low level of awareness on Good 
Harvesting Practices.  
• Insufficient number of rangers.  
• Most laboratories are using old 
equipment which requires large amount 
of plant material for extraction and 
detection of active ingredients.  
• Lack of communication between SKP 
and universities.  
• Low levels of trust between SK 
protectorate and universities which lead 
some researchers to collect plants without 
permission from SKP. 

• Increase awareness in universities and research 
institutions on good harvesting practices when 
collecting for research studies.  
• Enforce regulations concerning collection 
permits signed by EEAA and universities and 
research institutes within and outside Egypt. 
• The appointment of new researchers to work 
within SKP in order to monitor the activities of park 
visitors and provide environmental services and 
information to them. 

Urbanization 
and Settlements 
Expansion: 

•More Bedouins are involved in 
tourism activities concentrated 
around SK City.  
•Expanding population.  
•Access to schools and other 
modern facilities.  
•Recently advices to 
reconstruction of Sinai by 
government to encourage youth to 
migrate to Sinai. 

• Institutional planning deficiencies.  
• Lack of socio-economic development 
and adequate/essential services in remote 
areas.  
• Lack of cooperation between SKP and 
city council and the lack of trust between 
two organizations. 
• Encroachment of land by force from 
Bedouins. 

• Increase the public awareness about how they 
can choose the places for gardens, dams, wells and 
houses. 
• Strength the cooperation between SKP and city 
council in planning and site management by sharing 
data about places and its importance. 

Quarries: • Meet high demand for 
construction in South Sinai.  
• Lucrative trade in granite, 
cement, limestone and sandstone 
inside and outside Egypt. 
• Part of Sinai re-construction by 
encourages peoples to work in this 
rich field. 

• Institutional planning deficiencies.  
• Weak law enforcements. 

• Increase public awareness about the importance 
of MPs and historical sites. 
• Select suitable sites far from valuable sites. 
• Raising the price of quarrying to reduce demand 
by Bedouins and people who interest in business. 

Natural resource policies aim to provide people 
the opportunity to enjoy and benefit from natural 
environments evolving by natural processes with 
minimal influence by human actions. The National 
Park Service ( NPS) will ensure that lands are 
protected within park boundaries. Where parks 
contain nonfederal lands, the NPS uses cost-
effective protection methods. Preservation of 
character and resources of wilderness areas 
designated within a park, while providing for the 
appropriate use, represent the primary management 

responsibility. The National Parks and Conservation 
Association is a national nonprofit membership 
organization dedicated to defending, promoting, and 
enhancing our national parks, and educating the 
public about the NPS. 

Hypericum sinaicum is an important target for 
scientific research. There is a current project at 
Egyptian National Research Center that is focused 
on Hypericum as the main source for deriving the 
substance hypercin, a primary substance in the 
manufacture of depression medicine. They use seeds 
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and leaves from SKP as the only site in Egypt for 
Hypericum tissue culture. Another human 
modification was the extent of water cannons 
relocating water from elevated wadies rich in water 
supply to low wadies. This activity leads to consume 
and loss of water from wells which directly affect 
the plant community health. This was observed 
clearly at Wadi Gebal, Farsh Elromana, Wady Tenia 
and Abu Tweita. 

When Bedouin do not use their gardens for 
tourist camping, they can be a tool for in-situ 
conservation because they exclude grazers and 
provide a continuous water supply. Results showed 
that gardens provide good shelter for Hypericum 
where the water shades are present. We found that 
H. sinaicum cover and number of individuals 
increased inside gardens compared with outside. 
However drought is still the major factor (threat) 
affecting the distribution of Hypericum sinaicum 
within the study area. With drought, the effects of 
overgrazing, over collection and feral donkeys are 
compounded and may be lead to a decrease in the 
population size with time. It was showed that 
drought is the major factor controlling the 
distribution of feral donkeys. Results showed that 
these animals decreased from 2007 with about 40% 
of total frequency without achieving any of the 
above. 

The results of evaluation of monitoring data will 
help to pinpoint where, and how, a plan should be 
remodeled. Restructuring or redesign of plan 
elements based on the results of this study, will 
contribute to adaptive management, i.e. management 
which is responsive to changing conditions and 
project objectives. The plan should set out the time 
intervals (mid-term, terminal) between evaluations 
and should state who (individual, organization, or 
agency) will carry out evaluations and who will be 
the recipients of reports. For the evaluation to have 
some practical effect in improving conservation 
management, there should be specific mechanisms 
for feeding the results of evaluation back into the 
management process, and assigned responsibilities 
for follow-up. As with monitoring, evaluation 
should be an ongoing part of biodiversity 
conservation management, rather than a project-
based activity. 

From the previous threat results we can conclude 
that most root causes of threats come from lack of 
awareness, weak law enforcement, lack of suitable 
strategies, weak financial support and lack of 
stakeholders cooperation. These results confirm the 
results of Assi (2007). Most of the presented 
solutions were obtained by Assi (2007); however, 
threats persist and some of them have increased due 
to lack of enforcement. Drought, feral donkeys and 
over collection are the most harmful threats for 
Hypericum sinaicum in SKP. To achieve these 
solutions and decrease the effect of previous threats 
within study area, Egyptian Environmental Affairs 
Agency must improve the annual budget of SKP and 
insert new departments within SKP organization. 
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Abstract 

Juicy mangoes (sucking type/rasaalu) are one of the most significant mango (Mangifera indica L.) businesses in Andhra 
Pradesh state, India. The mango orchardists cultivate a great number of juicy cultivars for which genetic homogeneity has 
never been demonstrated.'Panchadarakalasa' is one of the choicest juicy cultivars of mango in the state, where certain level of 
intracultivar variability in fruit morphology has been observed among trees. In this study, fruit and leaf samples of 16 trees of 
‘Panchadarakalasa’ (PK Acc-l to PK Acc-16) spread over the three eco-geographical regions (Coastal Andhra, Rayalaseema 
and Telangana) of the state were collected during summer 2009, which were subjected to in-situ morphological and ex-situ 
microsatellite analysis, respectively to identify whether there is variability in the plants grown in the state. Characterization 
and evaluation of fruit samples based on 9 quantitative and 7 qualitative traits revealed phenotypic variations among 
accessions under study. Twenty out of 109 mango-specific microsatellite markers validated, were amplified. Of the 20 
microsatellites amplified, only 4 were polymorphic with a total of 11 alleles ranging from 130 bp to 245 bp. The polymorphic 
information content of the polymorphic alleles ranged from 0.25-0.56, whereas the Jaccard’s similarity coefficient values 
ranged from 0.9-1.0. The pair-wise genetic dissimilarities ranged from 0.00-0.10 with a mean value of 0.05. Dendrogram 
based on unweighted pair group method of arithmetic means algorithm indicated that the accessions were not grouped as per 
geographic separation. Microsatellite analysis revealed smaller intracultivar variability of 10% in in-situ conditions and a 
genetic divergence between trees attesting that ‘Panchadarakalasa’ whatsoever cultivated throughout the state is not pure 
clone. The traditional nursery practices are likely to be responsible for the intracultivar polymorphism since the 
‘Panchadarakalasa’ not propagated exclusively vegetatively. Highly polymorphic microsatellites like SSR-83, MngSSR-24 
and MngSSR-26 were more useful in differentiating the ‘Panchadarakalasa’ accessions. The results generated with 
microsatellite markers will be helpful in intracultivar improvement as well as in the application of breeder rights in the 
country. 

Keywords: Fruit Morphology, Fruit Quality, Intravarietal Diversity, Molecular Analysis, Simple Sequence Repeats
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1. Introduction      

Mango is botanically Mangifera indica L., belonging 
to the family Anacardiaceae. It is believed to have 
originated in Eastern India (Knight, 1980). It is one of the 
most economically grown fruits in the tropical and 
subtropical areas around the world (Rajwana et al., 2011) 
both for fresh (table/juicy) and industrial consumption. 
The global consumption of mango has increased 
significantly because of its nutritional and bioactive 
properties (Poovarodom et al., 2010). Since mango has 
been under cultivation in India since antiquity and is 
highly cross-pollinated, there are thousands of varieties 

of mango arising from natural cross-pollination or 
mutation (Karihaloo et al., 2003). Juicy cultivars of 
mango (juicy mangoes/sucking type), popularly known 
as ‘rasaalu’ are the specialty mangoes of Andhra Pradesh 
state, India. The juicy mango business is one of the most 
relevant in the state mango business with a leading role in 
the socio-economic situation of the Krishna-Godavari 
zone in the Coastal Andhra region, as well as in other 
production areas in Telangana and Rayalaseema regions. 
‘Panchadarakalasa’ is one of the choicest juicy mangoes 
among millions of people in the state. Although 
‘Panchadarakalasa’ originated in Krishna-Godavari zone, 
it is well adapted and produced in all the three eco-
geographical regions (Coastal Andhra, Telangana and 
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Rayalaseema) of the state. Although it is not distantly 
marketed and currently exported but an important 
demand exists in the local markets.  

In India, most of the mango cultivars including juicy 
mangoes were selected from native mango populations 
100 to 150 years ago. Since their initial selection, the 
identities and trueness-to-type of many cultivars have 
been obscured due to various biological and cultural 
factors. The mango peasants cultivate a great number of 
mango varieties including juicy mangoes for which 
genetic homogeneity has never been demonstrated. In 
India, a large proportion of the commercial mango 
orchards have been established asexually from grafts. In 
spite of this, there was a wide variation in fruit 
morphology, production and quality within and between 
the orchards of a cultivar. There were very few reports on 
the intracultivar variability of certain mango cultivars on 
the basis of morphological traits (Naik, 1948; 
Oppenheinmer, 1956; Naik, 1971) and molecular markers 
(Bally et al., 1996; de Souza and Lima, 2004; Diaz-
Matallana et al., 2009; Singh et al., 2009; Rocha et al., 
2012). This intracultivar variability may have serious 
economic ramifications for mango orchardists who 
unknowingly establish mango orchards with less 
productive genotypes of a cultivar. In addition, this 
intracultivar variability within cultivar mother blocks will 
further aggravate the variability within and between 
orchards of a cultivar. It has also been observed that there 
was locality dependent variation in the fruit appearance 
and quality of ‘Panchadarakalasa’ across the state 
(personal communication), which is somewhat 
troublesome for mango growers. Since fruit morphology 
and quality traits are quantitative in inheritance, this 
variation could probably be due to the influence of 
environment and/or genotype. To determine this both 
morphological and molecular analysis is necessary.  

Several procedures for the identification and 
characterization of intracultivar variability in mango have 
been developed based on morphological or genetic traits. 
Traditionally, in India, intracultivar variability in mango 
has been characterized based particularly on fruit 
characteristics like size, shape and color (Naik, 1948; 
Oppenheinmer, 1956; Naik, 1971; Singh et al., 2009). 
Morphological traits, being influenced by environmental 
parameters, are unreliable. Recently, intracultivar 
variability in mango has been characterized based on 
molecular markers like randomly amplified polymorphic 
DNA-RAPDs (Bally et al., 1996; de Souza and Lima, 
2004; Diaz-Matallana et al., 2009) and inter simple 
sequence repeats-ISSRs (Singh et al., 2009; Rocha et al., 
2012). From all these studies, different estimates for the 
degree of intracultivar genetic variation were obtained, 
reflecting the differences in the selected sets of 
accessions of cultivars of mango or marker systems. 
These researches suggest that there was considerable 
genetic variability within the cultivars of mango, which 
offer good scope for breeding within the cultivar for 
intracultivar improvement. Simple sequence repeats 
(SSRs) or microsatellites are widely used as a versatile 
tool in plant breeding programs because of their high 
ability for showing diversity among the genotypes. In 
mango, although microsatellites have been successfully 

used for intercultivar genetic diversity analysis (Duval et 
al., 2005; Honsho et al., 2005; Schnell et al., 2005; 
Viruel et al., 2005; Schnell et al., 2006; Lopez et al., 
2009; Hirano et al., 2010; Wahdan et al., 2011; Begum et 
al., 2012; Vasugi et al., 2012), no attempt has been made 
on intracultivar genetic diversity analysis. Morphological 
traits combined with molecular characterization are 
essential for better understanding of genetic diversity in 
mango (Singh et al., 2009; Begum et al., 2012). 
Morphological descriptors and molecular markers were 
used to determine the intra-varietal diversity of oca 
(Oxalis tuberosa Mol.) varieties (Pissard et al., 2008). 

The objective of this study was to assess the 
intracultivar genetic diversity of ‘Panchadarakalasa’ 
mango trees cultivated in the three eco-geographical 
regions of Andhra Pradesh, using morphological traits 
and SSR markers to identify whether there is variability 
in the plants grown in the state. 

2.  Materials and Methods 

2.1.  Eco-Geographic Survey 

An eco-geographic survey was conducted by a team 
of scientists during May-June 2009. Following simple 
random sampling strategy, 3 mango mother blocks and 
12 mango orchards possessing ‘Panchadarakalasa’ trees, 
spread over all the three eco-geographical regions and 
covering 7 districts, were selected. One 
‘Panchadarakalasa’ tree was sampled from each of the 12 
mango orchards and two mango mother blocks and two 
trees were sampled from one mango mother block 
(accession IDs starting with PK; PK Acc-1 to PK Acc-
16) through simple random sampling (Table 1).   
Table 1. Collection sites of ‘Panchadarakalasa’ mango 
accessions 

Accession 
Sampling 
unit 

Collection site 

Village District Region 

PK 
Acc-1 

Mother 
block, ARI 

Rajendranagar Rangareddy Telangana 

PK 
Acc-2 

Mother 
block, FRS 

Sangareddy Medak Telangana 

PK 
Acc-3 

Mother 
block, FRS 

Sangareddy Medak Telangana 

PK Acc-4 Orchard Kathipudi East Godavari Coastal Andhra 

PK Acc-5 Orchard Kathipudi East Godavari Coastal Andhra 

PK Acc-6 Orchard Pithapuram East Godavari Coastal Andhra 

PK Acc-7 Orchard Pithapuram East Godavari Coastal Andhra 

PK Acc-8 Orchard Pithapuram East Godavari Coastal Andhra 
PK Acc-9 Orchard Bobbili Vizainagaram Coastal Andhra 

PK Acc-10 Orchard Bobbili Vizainagaram Coastal Andhra 

PK Acc-11 Orchard Bobbili Vizainagaram Coastal Andhra 

PK Acc-12 Orchard Anakapalli Visakhapatnam Coastal Andhra 

PK Acc-13 Orchard Anakapalli Visakhapatnam Coastal Andhra 

PK Acc-14 Orchard Errakoneru East Godavari Coastal Andhra 
PK Acc-15 Orchard Pondugala Prakasam Coastal Andhra 

PK Acc-16 
Mother 
block, HRS 

Anantharajupeta Kadapa Rayalaseema 

PK Acc = Panchadarakalasa accession; ARI= Agricultural 
Research Institute 
FRS= Fruit Research Station; HRS= Horticultural Research 
Station 
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2.2. Fruit Sampling, Characterization, Evaluation and 
Analysis 

Following simple random sampling strategy, ten tree-
ripe fruits spread over all the sides of the tree canopy 
were collected from each of the 16 selected trees 
(accessions) of ‘Panchadarakalasa’. Morpho-physiol-
ogical characters of fruit samples were recorded 
following descriptors of mango (IPGRI, 2006). Fruit 
samples were evaluated for 9 quantitative traits like fruit 
length (cm), fruit width (cm), fruit thickness (cm), fruit 
weight (g) fiber length (mm), peel (%), pulp (%), stone 
(%), total soluble solids (TSS) (°Brix) and shelf life 
(days) and for 7 qualitative traits like fruit shape, skin 
colour of mature fruit, skin thickness, skin texture, 
quantity of fiber, pulp colour and eating quality. The 
mean data of each of the random fruit sample of 16 
‘Panchadarakalasa’ accessions was analysed for 9 
quantitative traits following ‘Descriptive Statistics’ for 
mean, standard error, standard deviation and coefficient 
of variation. 
2.3. Leaf  Sampling 

Mature leaves of each of the sampled 
‘Panchadarakalasa’ accession were collected for genetic 
characterization. The leaves were identified and 
maintained in styrofoam boxes with ice to be transported 
from the collection sites to the Institute of Biotechnology, 
Acharya N. G. Ranga Agricultural University (ANG 
RAU), Rajendranagar where they were frozen in liquid 
nitrogen. Then, they were stored in a freezer at -80 °C, 
until the time of the extraction of the genomic DNA. 
2.4. DNA Extraction  

The Genomic DNA from leaf samples was extracted 
by a modified Cetryl Trimethyl Ammonium Bromide 
(CTAB) method (Porebski et.al., 1997).  
2.5.  Microsatellite Screening and Amplification  

Polymerase chain reaction (PCR) amplification was 
performed in a Perkin Elmer Thermocycler (PCR-Gene 
Amp PCR System 9700) as per the protocol suggested by 
Williams et al. (1990) using 109 mango-specific 
microsatellite markers. Amplified products were 
separated by electrophoresis in a 3% metaphor-agarose 
gel using Tris-acetate EDTA (TAE) buffer at pH 8.0. The 
amplified fragments were observed and photographed 
under UV light in Gel Doc System (Syngene, Cambridge, 
United Kingdom). Eleven alleles generated by the four 
polymorphic microsatellites (SSR-36, SSR-83, MngSSR-
24 and MngSSR-26) were chosen for their clear pattern 
and high allele numbers to study diversity within the 
whole sample.  
2.6. Data Analysis  

The simple sequence repeat (SSR) bands were scored 
visually on the basis of their presence (1) or absence (0), 
separately for each accession of ‘Panchadarakalasa’ 
mango and each SSR primer. The sizes of fragments 
(molecular weight in base pairs) were estimated by using 
100-bp ladder marker, which was run along with the 
amplified products. The scores obtained using all four 
polymorphic primers in the SSR analysis were then used 
for constructing a single matrix. Pair-wise difference 

matrix between accessions was determined using 
Jaccard’s similarity coefficient. Data analysis was 
performed using the numerical taxonomy and 
multivariate analysis system (NTSYS)-pc version 2.1 
computer program package (Rohlf, 2000). The 
coefficients were utilized to construct a dendrogram 
using the unweighted pair group of arithmetic means 
algorithm (UPGMA). 

3. Results  

3.1.  Morphological Variability  

From the results of mean, standard error, standard 
deviation and coefficient of variation (Table 2), it is 
evident that there was significant variation in 9 
quantitative fruit traits among 16 accessions of 
‘Panchadarakalasa’ under study. 

Fruit length, width and thickness ranged from 7.20 to 
10.00, 5.80 to 8.00 and 4.40 to 7.60 cm, respectively. 
Fruit weight and fiber length ranged from 154.00 to 
350.00 g and 5.00 to 9.00 cm, respectively. The peel, 
pulp and stone contents ranged from 18.20 to 23.80%, 
56.30 to 64.60% and 17.10 to 23.10%, respectively. Total 
soluble solids ranged from 15.00 to 19.80 °Brix. These 
ranges, refereed to evident morpho-physiological 
variation in fruit size and weight, fiber length, peel, pulp 
and stone contents and total soluble solids among 16 
‘Panchadarakalasa’ accessions (Table 2). 

There were some differences among 16 accessions of 
‘Panchadarakalasa’ with respect to certain qualitative 
traits (Table 3) like fruit shape, color of skin of mature 
fruit, skin thickness, pulp color  and eating quality.  
3.2.  Microsatellite Polymorphism  

Of the 109 SSRs validated with total sample of 16 
‘Panchadarakalasa’ accessions, only 20 SSRs could 
amplify and produce distinct and clear bands, while the 
remaining 89 SSRs could not amplify. Of these 20 
amplified SSRs, 16 SSRs were monomorphic (Table 4), 
while the remaining 4 SSRs (SSR-36, SSR-83, MngSSR-
24 and MngSSR-26) were polymorphic (Table 5). These 
four polymorphic SSR primers produced 11 bands in the 
total sample of 16 accessions. Four bands were common 
in all the cultivars, while the other 7 bands were 
polymorphic (63.63%). The allele size of polymorphic 
bands ranged from 130 to 245 bp. There was a wide 
variation in the range of polymorphic bands produced by 
the primers. The level of polymorphism present in the 
microsatellites was variable ranging from 2 to 4 alleles 
per SSR with an average of 2.75 alleles per SSR. Primers 
SSR-36 and SSR-83 produced the lowest number of 
polymorphic bands (2 bands), while primer MngSSR-26 
produced the highest number of polymorphic bands (4 
bands). In this study, the polymorphic information 
content (PIC) values ranged from 0.25 to 0.56 with 
moderate mean value of 0.42 for all loci indicating the 
moderate discriminatory power of the 4 polymorphic 
SSRs. Markers with high PIC values such as SSR-83 and 
SSR-36 could be effectively used in intracultivar genetic 
diversity studies of ‘Panchadarakalasa’. Agarose gel 
showing SSR amplification profile of ‘Panchadarakalasa’ 
accessions by SSR-83 primer is depicted in Figure 1. The 
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Jaccard’s similarity coefficient values calculated from 
SSR data ranged from 0.9-1.0. The pair-wise genetic 
dissimilarities ranged from 0.00 to 0.10 with a mean 
value of 0.05. The largest genetic distance calculated by 

the Jaccard’s similarity coefficient was 0.10. Genetic 
similarity between accessions was in the range of 90-
100%. 

Table 2. Quantitative fruit characteristics of ‘Panchadarakalasa’ accessions 

Accession 
Fruit 

length 
(cm) 

Fruit width 
(cm) 

Fruit 
thickness 

(cm) 

Fruit 
weight 

(g) 

Fibre 
length 
(mm) 

Peel 
(%) 

Pulp 
(%) 

Stone 
(%) 

Total soluble 
solids(°Brix) 

PK Acc-1 7.50 5.80 5.50 190.00 5.00 20.50 58.40 21.10 15.00 

PK Acc-2 8.00 6.50 6.50 172.00 8.00 19.80 58.10 22.10 17.00 

PK Acc-3 10.00 6.00 5.80 255.00 5.00 22.40 58.80 18.80 16.00 

PK Acc-4 9.00 6.50 5.80 260.00 7.00 19.20 59.20 21.50 18.00 

PK Acc-5 8.00 6.20 6.00 228.00 9.00 19.70 62.70 17.50 19.80 

PK Acc-6 9.50 7.20 6.40 286.00 8.00 18.20 64.60 17.10 16.00 

PK Acc-7 8.00 6.80 5.00 208.00 5.00 22.10 56.30 21.60 15.00 

PK Acc-8 8.30 6.00 5.60 212.00 5.00 19.80 57.10 23.10 16.00 

PK Acc-9 8.50 8.00 7.00 240.00 9.00 22.50 60.00 17.50 19.60 

PK Acc-10 8.00 6.50 4.40 154.00 5.00 20.10 59.10 20.80 17.00 

PK Acc-11 7.80 6.10 4.80 160.00 6.00 20.00 58.10 21.90 16.00 

PK Acc-12 9.70 6.30 5.60 220.00 9.00 22.70 59.10 18.20 16.40 

PK Acc-13 8.50 7.60 5.20 200.00 5.00 20.00 62.50 17.50 17.00 

PK Acc-14 8.00 6.50 5.00 190.00 6.00 20.60 56.80 22.60 16.20 

PK Acc-15 7.20 6.50 5.20 168.00 6.00 23.80 58.30 17.90 15.60 

PK Acc-16 8.90 7.50 7.60 350.00 5.00 22.90 60.00 17.10 18.50 

Mean 8.43 6.63 5.71 218.31 6.44 20.89 59.32 19.77 16.82 

Standard Error 0.20 0.16 0.21 12.89 0.41 0.40 0.56 0.56 0.37 

Standard Deviation 0.80 0.64 0.84 51.56 1.63 1.60 2.25 2.23 1.47 

CV (%) 2.36 2.40 3.68 5.90 6.34 1.92 0.95 2.83 2.18 

PK Acc = Panchadarakalasa accession 
 
Table 3. Qualitative fruit characteristics of ‘Panchadarakalasa’ accessions 

Genotype Shape Color of skin of matured 
fruit Skin thickness 

Skin 
texture 

Quantity 
of fibre 

Pulp  
color 

Eating  
quality 

PK Acc-1 Ovate Yellowish green      Thick Smooth Abundant Yellow Good 

PK Acc-2 Ovate Yellowish green Thin Smooth Abundant Yellow Good 

PK Acc-3 Ovate Yellowish green Thin Smooth Abundant Yellow Good 

PK Acc-4 Ovate Yellowish green Thin Smooth Abundant Yellow Good 

PK Acc-5 Ovate Yellowish green Thin Smooth Abundant Yellow Good 

PK Acc-6 Round Yellowish green Thin Smooth Abundant Yellow Good 

PK Acc-7 Ovate Yellowish green Thin Smooth Abundant Yellow Good 

PK Acc-8 Ovate Dark yellow Thin Smooth Abundant Yellow Good 

PK Acc-9 Ovate Dark yellow Thin Smooth Abundant Yellow Good 

PK Acc-10 Round Yellow Thin Smooth Abundant Yellow Good 

PK Acc-11 Ovate Yellow Thin Smooth Abundant Yellow Good 

PK Acc-12 Ovate Yellow Thin Smooth Abundant Yellow Good 

PK Acc-13 Round Yellow Thin Smooth Abundant Yellow Good 

PK Acc-14 Ovate Yellow Thin Smooth Abundant Golden yellow Good 

PK Acc-15 Ovate Yellowish green Thin Smooth Abundant Yellow Good 

PK Acc-16 Ovate Green Thin Smooth Abundant Yellow Excellent 

PK Acc = Panchadarakalasa accession 



 © 2013 Jordan Journal of Biological Sciences. All rights reserved - Volume 6, Number 2 131 

Table 4. Characteristics of monomorphic microsatellite markers used in this study 

bp= Base pair 

Table 5. Characteristics of polymorphic microsatellite markers used in molecular analysis of intracultivar variability in 
‘Panchadarakalasa’ mango 

 Primer Sequence (5'-3') 
Annealing 
temperature(°C) 

Size range 
of alleles(bp) 

No. of 
alleles PICvalues 

SSR-36 F: CCTCAATCTCACTCAACA 55 215-245 2 0.43 
R: ACCCCACAATCAAACTAC     

SSR-83 F: AGCTATCGCCACAGCAAATC 57 190-213 2 0.56 
R: GTCTTCTTCTGGCTGCCAAC     

MngSSR 
-24 

F: CGATGGACTTCATAAGAAGAG 58 150 3 0.45 
R: GCTAGCAGAATCACCTTGGTC     

MngSSR 
-26 

F: ACCTTGGTCAGGACAAAATCC 60 135-150 4 0.25 
R: GACTTCATAAGAAGAGGCGTC     

PIC= Polymorphic information content ; bp= Base pair 
Source: eurofins mwg/operon (www.Eurofinsdna.com) 

Figure 1. SSR profile of ‘Panchadarakalasa’ accessions by primer SSR-83. Lane 1 to16   denote ‘Panchadarakalasa’ accessions PK Acc-
1to PK Acc-16 serially; M= 100 bp  standard marker 

 

Primer Sequence 5'-3' 
Annealing 
temperature 
(°C) 

Size range 
of alleles 
(bp) 

SSR-8 F: TTGATGCAACTTTCTGCC 53 200-224 
 R: ATGTGATTGTTAGAATGAACTT    
SSR-15 F: TTTACCAAGCTAGGGTCA 52 201-226 
 R: CACTCTTAAACTATTCAACCA    
SSR-16 F: GCTTTATCCACATCAATATCC 54 160-170 
 R: TCCTACAATAACTTGCC    
SSR-20 F: CGCTCTGTGAGAATCAAATGGT 58 295-310 
 R: GGACTCTTATTAGCCAATGGGATG    
SSR-39 F: TGTCTACCATCAAGTTCG 53 150-190 
 R: GCTGTTGTTGCTTTACTG    
SSR-46 F: TCATTGCTGTCCCTTTTC  54 154–210 
 R: ATCGCTCAAACAATCC    
SSR-52 F: AAAAACCTTACATAAGTGAATC 52 207 
 R: CAGTTAACCTGTTACCTTTTT    
SSR-59 F: TTCTTTAGACTAAGAGCACATT 56 191 
 R: AGTTACAGATCTTCTCCAATT    
SSR-61 F: AAAGATAGCATTTAATTAAGGA 52 206 
 R: GTAAGTATCGCTGTTTGTTATT    
SSR-65 F: ATAGATTCATATCTTCTTGCAT 53 233 
 R: TATAAATTATCATCTTCACTGC    
SSR-82 F: TCTGACCCAACAAAGAACCA 57 108-155 
 R: TCCTCCTCGTCCTCATCATC   
SSR-84 F: TCTATAAGTGCCCCCTCACG 58 210-250 
 R: ACTGCCACCGTGGAAAGTAG   
SSR-85 F: GCTTGCTTCCAACTGAGACC 58 229-269 
 R: GCAAAATGCTCGGAGAAGAC   
SSR-88 F: CTGAGTTTGGCAAGGGAGAG 55 222-244 
 R:TTGATCCTTCACCACCATCA   
MngSSR-14 F: TCATTAAGCTGTGGCAACCA 59 160-192 
 R: CATTGCATAGATGTGGTCATT   
MngSSR-27 F: CGAAACCGACTGCCTATTTT 57 158-172 
 R: CCATTAATAAAGTTGTGGCCA   

http://www.eurofinsdna.com/
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3.3. Cluster analysis, genetic diversity, genetic similarity 
and geographical diversity  

Pair-wise comparison was performed among all the 
accessions included in this study. The genetic relationship 
achieved by applying SSR markers is shown in Figure 2. 
The first major bifurcation in the dendrogram (Figure 2) 
separated the 16 accessions into four major clusters 
(cluster-I to cluster-IV). Clusters III and IV could be 
further divided into two sub clusters. Clusters I and II 
were solitary; consisting of only one accession each. 
PKAcc-14 from Errakoneru, PKAcc-11 from Bobbili 
branched out from the base, were found the most unique 
and divergent. Of these two divergent accessions, the 
accession PKAcc-14 occupied a unique position and was 
most diverse from rest of the accessions. 
‘Panchadarakalasa’ accessions from one site of collection 
were more or less clustered together with few exceptions. 
The multiple accessions collected from certain collection 
sites like Sangareddy (PKAcc-2 and PKAcc-3), 
Pithapuram (PKAcc-7 and PKAcc-8) and Bobbili 
(PKAcc-9, PKAcc-10 and PKAcc-11) did not form 
separate groups or subgroups. Of the 2 accessions 
(PKAcc-2 and PKAcc-3) from the Fruit Research Station, 
Sangareddy, the first one (PKAcc-2) was grouped in sub 
cluster IVB along with three accessions PKAcc-1 from 
Rajendranagar, PKAcc-15 from Pondugala and PKAcc-16 
from Anantharajupeta, while the later (PKAcc-3) was 
grouped solitarily in sub cluster IVA. Of the 3 accessions 
(PKAcc-6, PKAcc-7 and PKAcc-8) from Pithapuram, 
PKAcc-6 and PKAcc-8 grouped in subcluster IIIB, while 
PKAcc-8 grouped in a distinct solitary subcluster IIIA. 
Further, certain ‘Panchadarakalasa’ accessions from 
different collection sites were clustered together. The 
multiple accessions collected from different collection 
sites like Kathipudi (PKAcc-4 and PKAcc-5) and 
Anakapalli (PKAcc-12 and PKAcc-13) grouped together 
in the same subcluster IIIB.  

Figure 2. UPGMA dendrogram of 16 ‘Panchadarakalasa’ 
accessions based on 4 SSR markers 

A narrow range (0.9-1.0) of Jaccard’s similarity 
coefficient was observed between the pairs of 16 
accessions. The pair-wise genetic similarity between 
accessions was in the range of 90-100%; the lowest (90%) 

being observed between PKAcc-11 and PKAcc-14. 
Highest (100%) similarity was found between accessions 
PKAcc-1 (Rajendranagar), PKAcc-2 (Sangareddy), 
PKAcc-15 (Pondugala) and PKAcc-16 (Anantharajupeta). 
There was a pair-wise dissimilarity of only 2.85% 
between the two accessions (PKAcc-2 and PKAcc-3) 
collected from the same mother block, Fruit Research 
Station, Sangareddy. Of the 3 accessions collected from 
Pithapuram (PKAcc-6, PKAcc-7 and PKAcc-8), PKAcc-6 
and PKAcc-8 had 100% similarity, while PKAcc-7 had 
only 2.7% dissimilarity with the other two accessions 
(PKAcc-6 and PKAcc-8). PKAcc-1, PKAcc-2, PKAcc-15 
and PKAcc-16 were the accessions from different 
collection sites (Rajendranagar, Sangareddy, Pondugala 
and Anantharajupeta, respectively), which had 100% 
similarity. Two accessions each from Kathipudi (PKAcc-
4 and PKAcc-5), Pithapuram (PKAcc-6 and PKAcc-8), 
Bobbili (PKAcc-9 and PKAcc-10) and Anakapalli 
(PKAcc-12 and PKAcc-13) had 100% similarity with the 
4 highly polymorphic SSRs. There was a dissimilarity of 
3.8% between the two distinct sub groups IVB (PKAcc-,1 
PKAcc-2, PKAcc-15 and PKAcc-16) and IIIB (PKAcc-4, 
PKAcc-5, PKAcc-6, PKAcc-8, PKAcc-9, PKAcc-10, 
PKAcc-12 and PKAcc-13), exhibiting 100% pair-wise 
similarity within the groups.  
3.4. Identification and differentiation of accessions 

There were some loci which were present only in one 
accession; such loci may also be of use in the 
‘Panchadarakalasa’ accessions differentiation. Here, 
comparison of the 7 alleles which were detected using 4 
polymorphic SSRs revealed distinct banding patterns 
(alleles) to discriminate and identify the 
‘Panchadarakalasa’ accessions. Microsatellites producing 
unique alleles for specific accessions of 
‘Panchadarakalasa’ are given in Table 6. SSR-83 
generated a unique allele of 200 bp for PKAcc-14. 
MngSSR-24 generated a unique allele of 150 bp for 
PKAcc-11. MngSSR-26 generated a unique allele of 140 
bp for PKAcc-14.  
Table 6. Microsatellites producing unique alleles for specific 
accessions of ‘Panchadarakalasa’ 

Accession 
SSR producing 

specific band 

Size of the specific 

bands (bp) 

PK Acc-11 MngSSR-24 150 

PK Acc-14 SSR-83 200 

PK Acc-14 MngSSR-26 140 

4. Discussion 

The peasants cultivate a great number of juicy 
cultivars and the juicy mangoes are one of the most 
significant mango businesses in Andhra Pradesh state, 
India.  Juicy mango business in this state is based largely 
on ‘Panchadarakalasa’, one of the choicest juicy cultivars 
of mango with the great appreciation for fresh 
consumption (sucking type) due to its superior 
characteristics, such as sweet taste, pulp color and flavor. 
It has been under cultivation for more than a century in 
this state, which stands out as a major producer and 
supplier of this cultivar. In spite of possessing so many 
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virtues, this cultivar is troublesome for peasants because 
of its locality dependent variation in the fruit size, shape 
and quality resulting in heterogeneity in production and 
quality. Data on the regional polymorphism of this 
cultivar is scarce or non-existent. In this study, the genetic 
diversity of ‘Panchadarakalasa’ mango trees cultivated in 
all the three eco-geographical regions of the state was 
assessed based on morphological traits and microsatellite 
markers, to identify whether there is variability in the 
plants grown in the state. 

Assessment of intracultivar diversity of mango has 
traditionally been made through morphological traits by 
several researchers (Naik, 1948; Oppenheinmer, 1956; 
Naik, 1971; Singh et al., 2009), where in intracultivar 
variability was found. Here also, analysis of 9 quantitative 
fruit traits following descriptive statistics indicated 
significant variability in fruit morpho-physiology among 
16 accessions of ‘Panchadarakalasa’ under study. In 
addition, the data on 7 qualitative fruit traits also revealed 
considerable variation among total sample under study. 
On the whole, morphological analysis indicated 
considerable variability among the ‘Panchadarakalasa’ 
trees grown across the state. However, assessment of 
genetic variability based on phenotype has certain 
limitations, since most of the morphological characters of 
economic importance are often limited in number; have 
complex inheritance and dramatically influenced by 
environmental factors (Bernatzky and Tanksley, 1989). 
These results are suggesting both to focus our attention on 
the effects of the environment on the genotype and to 
consider, as a practical consequence, the importance of 
preserving these accessions found in different areas to 
truly preserve the richness of the germplasm of a cultivar.  

In contrast, molecular markers based on DNA 
sequence polymorphisms are independent of 
environmental conditions and show a higher level of 
polymorphism. To confirm whether the phenotypic 
variability in this study is due to the influence of 
environment or genotype, molecular analysis with 
microsatellites was undertaken. In the present study, 
relatively small number of SSR bands (11) was amplified 
in a set of 16 ‘Panchadarakalasa’ accessions using 4 
primers. The pair-wise genetic dissimilarities ranged from 
0.00 to 0.10 with a mean value of 0.05, thus showing a 
small degree of intercultivar genetic diversity at the DNA 
level. This dissimilarity value of 0.10 is much higher to 
that calculated from RAPD (10 primers) data among 15 
accessions of ‘Kensington Pride’ cultivar of mango (0.05) 
by Bally et al. (1996) but much lower than that calculated 
from RAPD data (32 primers) among 25 accessions of 
‘Rosa’ cultivar of mango (0.45) by de Souza and Lima 
(2004), indicating that the level of intracultivar genetic 
diversity in different cultivars of mango is dependent on 
the total sample size and number of molecular markers 
used. Amplified fragment length polymorphism (AFLP) 
analysis of the 160 phenotypically divergent ‘Plavac 
Mali’ vines (Vitis vinifera L.) has also revealed 
significantly lower polymorphism (Zdunic et al., 2009). 
In the present study, the genetic dissimilarity of 0.10 
among accessions although small, the genetic differences 
among the sampled materials may affect some phenotypic 
character that is useful for the culture. This intracultivar 

variability in ‘Panchadarakalasa’ as evident from both the 
morphological and microsatellite analysis could probably 
be due to poor diffusion of uniform quality planting 
material to mango growers in the state. In many rural 
areas, where mango cultivation has a high potential, no 
fruit tree nurseries are available. Even the surveyed 
governmental nurseries could not meet the high demand 
of farmers for grafts. Although the use of homogenous, 
well documented plant material for mother blocks is 
highly recommended, some of the surveyed nurseries still 
use heterogeneous scions from commercial orchards for 
the development of grafts. This will definitely result in 
variable quality planting material. 

In this study, the extent of diversity among accessions 
was studied in relation to their location and set of 
accessions with narrow genetic base developed from 
particular location were identified. From the perusal of the 
geographical locality of each accession (Table 1) and their 
clustering pattern (Figure 2), it could be inferred that the 
grouping of the accessions is not associated with their 
geographical location. The four groups formed do not 
present clear cut separation from the accessions related to 
the sampling locations, which also indicates low 
variability. In the present study, from the highest value of 
Jaccard’s similarity coefficient of 1.00, it is evident that 
accessions with 100% of similarity were found, indicating 
the presence of duplicates. The presence of duplicates 
among the accessions studied explains the utilization of 
same scions to the formation of grafted trees. The 
accessions with a common ancestry and/or multiplied 
clonally from a single mother plant exhibited highest 
(100%) genetic similarity. The presence of 50% of the 
accessions in the same group (IIIB) may be explained by 
the prevalence of this accession in the Coastal Andhra 
region of the state and by the fact that this cultivar has 
been almost exclusively propagated clonally, which may 
be favoring multiplication of genetically similar plants, 
thus reducing genetic variability.  

‘Panchadarakalasa’ mango is a clonally propagated 
fruit crop in Andhra Pradesh. Although the pair-wise 
genetic similarity between the accessions within the two 
distinct sub groups IIIB  and IVB is 100% (Figure 2), 
there was a genetic dissimilarity of  3.8% between the two 
distinct sub groups IIIB  and IVB, indicating the 
distinctness of two sub groups. The accessions PKAcc-1, 
PKAcc-2, PKAcc-15 and PKAcc-16 of sub group IVB 
could have been multiplied clonally from one mother tree 
and could be regarded as one distinct clone. Similarly, the 
accessions PKAcc-4, PKAcc-5, PKAcc-6, PKAcc-8, 
PKAcc-9, PKAcc-10, PKAcc-12 and PKAcc-13 of sub 
group IIIB might have been multiplied clonally from 
another mother tree and could be regarded as another 
distinct clone. Bally et al. (1996) observed absolutely low 
level of genetic dissimilarity coefficient of 0.05 among 15 
accessions of ‘Kensington Pride’, a polyembryonic 
cultivar of mango using 10 RAPD markers and concluded 
that they are pure clones. de Souza and Lima (2004) also 
observed a genetic dissimilarity coefficient of 0.45 among 
25 accessions of ‘Rosa’ cultivar of mango using RAPD 
markers and concluded that they are not pure clones. 
Rocha et al. (2012) while studying intravarietal 
heterogeneity in ‘Uba’, a polyembryonic cultivar of 
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mango using ISSR markers, no duplicates (clones) were 
found among the 102 accessions at the Zona da Mata of 
Minas Gerais state, Brazil. Molecular analysis with ISSR 
markers also revealed an intra-varietal genetic diversity 
attesting that oca (Oxalis tuberosa Mol.) varieties are not 
pure clones (Pissard et al., 2008). Our microsatellite data 
here also strongly suggest that the ‘Panchadarakalasa’ 
samples collected in Andhra Pradesh state do not belong 
to the same clone. Hence, it is proposed to use the term 
‘variety’ instead of ‘clone’.  

When considering intracultivar breeding programs of 
‘Panchadarakalasa’ mango, SSR profiling studies dealing 
with the structure of intracultivar diversity may give some 
insights about the selection of genetically distinct and 
elite accessions of this cultivar. Here, the pair-wise 
genetic dissimilarity of 0.00-0.10 among accessions 
revealed that some of the accessions like PK Acc-3, PK 
Acc-7, PK Acc-11 and PK Acc-14 could be considered as 
distinct genotypes exhibiting varied level of pair-wise 
dissimilarity with the rest of the accessions under study 
(Figure 2). It could be possible to select these accessions 
of ‘Panchadarakalasa’ adapted to the agro-climatic 
conditions of the cultivation region after further yield 
trials. Hence, it is necessary to test these genetically 
distinct new accessions viz., PK Acc-3, PK Acc-7, PK 
Acc-11 and PK Acc-14 under replicated yield trials to 
compare them against standard commercial juicy varieties 
(Peddarasam, Chinnarasam, Cherukurasam and 
Panchadarakalasa) to confirm their distinctiveness and 
superiority. There were no reports on the utilization of 
intracultivar selection for improvement of this 
‘Panchadarakalasa’ mango. However, exploitation of 
natural variability through selection of superior clones of 
other commercial mango cultivars has been undertaken by 
several workers. Singh and Chadha (1981) located four 
superior clones from orchards of ‘Dashehri’, while Singh 
et al. (1985) isolated high yielding clones from ‘Langra’ 
orchards. Pandey (1998) studied different clones of this 
cultivar, viz., ‘Alphonso of Behat’ in Saharanpur (Uttar 
Pradesh), ‘Alphonso Batli’ of Kirkee, Pune 
(Maharashtra), ‘Alphonso Punjab’, ‘Alphonso White’ of 
North Kanara district of Karnataka, and observed that 
they vary from one another in more than one character. 
Therefore, it is also possible to select accession of 
‘Panchadarakalasa’ mango tree adapted to the conditions 
of soil and climate of the cultivation region. Rocha et al. 
(2012) also studied intravarietal heterogeneity among the 
102 accessions of ‘Uba’ mango using ISSR markers at the 
Zona da Mata of Minas Gerais state, Brazil and concluded 
that it is possible to select elite accession of ‘Uba’ mango 
tree adapted to the conditions of soil and climate of the 
cultivation region. 

The identification of accessions of a cultivar is 
extremely important both for cultivation and intracultivar 
improvement of fruit crops. Accession identification 
based on morphological characteristics can be difficult 
and complicated. PCR technologies, such as microsatellite 
analysis, can readily and quickly identify accessions of a 
cultivar using young leaves. In this study, the markers 
SSR-83 and SSR-36 with high PIC values (Table 5) 
provide an opportunity for direct comparison and 
identification of different accessions independent of any 

influences. Some specific bands/loci observed in the 
‘Panchadarakalasa’ accessions studied (Table 6) may be 
useful for accession identification. Further, the presence 
of specific loci indicates the genetic distinctness of the 
accessions under study. For example MngSSR-24 and 
MngSSR-26 produced a unique allele of 150 bp and 140 
bp, respectively with PKAcc-11, while SSR-83 generated 
a unique allele of 200 bp with PKAcc-14. Presence of one 
particular band is possibly due to genomic recombination 
and may be of use in accession discrimination. This study 
has shown that even though the genome of mango is 
allotetraploid and relatively large, the microsatellite allelic 
patterns generated through PCR are capable of 
individualizing accessions.  

A great proportion of the commercial orchards of 
mango in the state are raised asexually through grafts. The 
development and supply of mango grafts in the state is 
undertaken through clonal propagagation by the Private, 
Government and University nurseries. The variability 
(heterogeneity) and purity (homogeneity) of mother 
blocks of nurseries and commercial orchards can be 
analyzed through the utilization of fingerprints based on 
microsatellite markers. In the present study, microsatellite 
analysis revealed a pair-wise dissimilarity of only 2.85% 
between the two accessions PKAcc-2 and PKAcc-3 
collected from the mother block, Fruit Research Station, 
Sangareddy indicating heterogeneity in mother block 
itself. Of the 12 individual accessions (PKAcc-4 to 
PKAcc-15), collected from the 12 individual orchards, the  
accessions PKAcc-4 to PKAcc-6, PKAcc-8 to PKAcc-10 
and PKAcc-12 to PKAcc-13 of sub group IIIB, PKAcc-15 
of sub group IVB, PKAcc-7 of sub group IIIA, PKAcc-11 
of group II and PKAcc-14 of group I, indicate that there 
was heterogeneity among the orchards sampled. However, 
this study could not give any insight about the 
homogeneity and/or heterogeneity within the orchards 
sampled because of the fact that only one tree (accession) 
per orchard was sampled. For having better insight about 
the homogeneity and/or heterogeneity of orchards, 
multiple trees must be sampled from the individual 
orchards to be sampled. Further, more accurate DNA 
studies involving multiple samples from the individual 
mother blocks of nurseries across the state give correct 
information about the homogeneity of mother blocks. 
This information can be extremely useful to the mango 
nurseries for the correct choice (i.e., supported by more 
accurate intravarietal variability analysis) of the mango 
multiplication materials. This process can harmonize both 
quantity and quality of fruit production across the state. 
Development of an efficient and sustainable system for 
supplying interested farmers with high quality uniform 
planting material of the most elite form of the variety 
together with information on good management practices 
is urgently needed to harmonize ‘Panchadarakalasa’ 
mango production and quality in the state.  

5. Conclusion 

Classical analysis based on morphological fruit traits 
revealed considerable phenotypic variations among 16 
accessions of ‘Panchadarakalasa’. PCR-based SSR 
analysis confirmed genomic polymorphism in this 

http://ukpmc.ac.uk/abstract/AGR/IND44004941/?whatizit_url_Species=http://www.ncbi.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=50475&lvl=0
http://ukpmc.ac.uk/abstract/AGR/IND44004941/?whatizit_url_Species=http://www.ncbi.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=50475&lvl=0
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cultivar. Morphological markers combined with 
molecular characterisation are essential for better 
understanding of intravarietal heterogeneity of 
‘Panchadarakalasa’ mango. Our results here strongly 
suggest that the ‘Panchadarakalasa’ samples collected in 
Andhra Pradesh state do not belong to the same clone. 
Hence, it is proposed to use the term 'variety' instead of 
'clone'. Microsatellite markers have proven to be a 
valuable tool for identifying intracultivar heterogeneity in 
mango. If SSR diversity is combined with fruit and other 
important agronomic characteristics, performing the 
similar studies on the other ‘Panchadarakalasa’ accessions 
may lead to planning of a better intracultivar breeding 
program in the state.  
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Abstract 

In this work an attempt was performed to investigate the in vitro ability of   Lucilia sericata maggots to control fungi 
involved in superficial fungal infections. A novel GFP-modified yeast culture to enable direct visualization of the ingestion 
of yeast cells by maggot larvae as a method of control was used. The obtained results showed that the  GFP-modified 
yeasts were  successfully ingested  by  Lucilia sericata maggots and  1mg/ml of  Lucilia sericata maggots excretions/ 
secretions (ES) showed a considerable anti-fungal activity against the  growth of Trichophyton terrestre mycelium, the 
radial growth inhibition after 10 days of incubation reached 41.2 ±1.8 % in relation to the control, these results could lead 
to the possible application of maggot therapy in the treatment of  wounds undergoing fungal infection.  
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1. Introduction      

Biosurgical  debridement or "maggot therapy" is 
defined as the use of  live, sterile maggots of certain type 
of flies to remove the necrotic tissue from non-healing 
tissue or wounds and thereby promote healing of the 
remaining healthy tissue (Zacur and Kirsner, 2002; 
Graninger et al., 2002). The approach involves applying 
sterile larvae of Lucilia sericata, commonly called the 
green bottle fly (Borak, 2008; Chan et al., 2007) to a 
wound, while a bandage is applied to keep them in place, 
the number of maggots used varies according to the type 
and the size of the wound and to the amount of necrotic 
tissue. The maggots are replaced regularly until the 
wound is healed (Borak, 2008).  

   The use of larvae to improve wound healing has long 
been recognized in ancient cultures, including the 
Chinese. During the 1930s, maggot therapy became 
popular In Europe and North America to treat some 
chronic or infected wounds. Not surprisingly however, the 
use of maggot therapy declined immediately after the 
widespread introduction of penicillin (Chan et al., 2007). 
The increase in the emergence of multi antibiotic 
resistance in the late 1990s however, has led to a revival 
in interest in bio-surgical debridement therapy and it is 
now being used in many countries to treat surface wounds 

(Sherman et al., 2000), including diabetic foot ulcers 
(Sherman, 2003), malignant adenocarcinoma (Sealby, 
2004), and for venous stasis ulcers  (Sherman, 2009); it is 
also used to combat infection after breast-conservation 
surgery (Church 2005). 

 The beneficial effects of maggots on wounds have 
been attributed to various mechanisms notably the 
debridement (degradation) of necrotic tissue. It was 
originally believed that this debriding action of maggots 
was restricted only to their mechanical wriggling, but 
recently many proteolytic enzyme classes have been 
isolated from maggot excretions and secretions (ES) 
which are able to specifically dissolve the laminin and 
fibronectin of the extracellular matrix in the necrotic 
tissue. This liquefies the dead tissues enabling the maggot 
to take it up by suction (Chan et al., 2007; Graninger et 
al., 2002). Several recent studies have demonstrated that 
the maggots ES from aseptically-raised Lucilia sericata 
larvae (figure 1) exhibit antibacterial actions against both 
Gram-positive and Gram-negative bacteria, including 
MRSA, Escherichia coli and Pseudomonas aeruginosa 
(Bexfield et al., 2004; Kerridge et al., 2005; Thomas et 
al., 1999; Jaklic et al., 2008; Jukema et al., 2008). In 
addition, maggots can ingest bacteria as part of their  
normal feeding process (Zacur and Kirsner, 2002; Chan et 
al., 2007; Bowler et al., 2001; Mumcuoglu et al., 2001). 
Finally, maggots promote wound healing, stimulate 
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granulation and promote the formation of human 
fibroblasts  (Zacur and Kirsner, 2002). 

Figure 1.  Green bottle fly larva (Lucilia sericata) 

2. Materials and Methods  

2.1. Trichophyton terrestre Strain 

Trichophyton terrestre (IMI 277732) was maintained 
on PDA (Potato dextrose agar). 
2.2.  Filamentous Fungi Feeding Experiments  

Five-ten larvae of L. sericata were transferred either 
onto PDA (Potato dextrose agar) or PDA plates 
inoculated with Trichophyton terrestre. Larvae fed on 
only PDA (Potato dextrose agar) were used as controls. 
After being incubated for 60 minutes at 25°C, larvae were 
removed from the plate and washed twice with PBS. 
Larvae were then surface sterilized for 2 min in 70% 
ethanol and rinsed in sterile water. The larval posterior 
and anterior ends were removed, and then mild pressure 
was applied at the middle of the larval body to release the 
entire digestive tract. 
2.3. Filamentous Fungi Ingestion Confirmation 

Collected digestive tract were mixed with 50 ml of 
sterile distilled water; vigorously vortexed for 3 minutes 
and 100 ul of gut suspension were plated on PDA  
medium supplemented with chloramphenicol (50 mg/l) 
and cycloheximide (500 mg/l). After incubation for two 
weeks, plates were checked for any 
Trichophyton terrestre growth (Deshmukh, 2004). 
2.4.  Yeast Strain 

S. cerevisiae (BY4742) GFP was labelled with green 
fluorescent protein (GFP) using transformation plasmid 
Pex3p-GFP. S. cerevisiae Pex3p-GFP was maintained on 
YPD Agar (Sigma).   
2.5.  Yeast Feeding Experiments  

Ten well washed larvae of L. sericata were transferred 
onto agar plate inoculated with S. cerevisiae Pex3p-GFP.  
Unfed larvae were used as controls. After being incubated 
for 60 minutes at 25 °C, larvae were removed from the 
plate and washed twice with PBS. Larvae were then 
surface sterilized for 2 min in 70% ethanol and rinsed in 
sterile water. The larval posterior and anterior ends were 
removed, and then a pressure was applied at the middle of 
the larval body to release the entire whole digestive tract. 
(Lerch et al., 2000).  

2.6. Detection of Fluorescence  

To check that the yeast were ingested by the larvae, 
the digestive tract contents were fixed and then examined 
using a Nikon Eclipse E400 fluorescent microscope. 
Results were documented by photography. 
2.7. Collection of Excretion/secretion (ES) from Lucilia 
sericata Larvae 

In order to collect Lucilia sericata larva secretions the 
following protocol was followed:10 g of Lucilia sericata 
larvae were placed in individual, sterile 50 ml universal 
falcon tube containing 4 ml of sterile Milli-Q ultrapure 
water and  incubated over night at 25°C in the dark. The 
resulting ES was collected from the larvae with a sterile 
syringe or pipette and centrifuged at 4000rpm for 10 
minutes to remove particulate material, after which the 
supernatant was filter-sterilised (0.20 um) and 
lyophilized. Prior to use, freeze-dried ES was resuspended 
in sterile Milli-Q ultrapure water at a final concentration 
of 40 mg/ml (Bexfield et al., 2004). 
2.8. Preparation of Trichophyton terrestre Inocula 

A standard sized inoculum of T. terrestre was prepared 
from 7- to 14-day old cultures grown on PDA at 25°C. 
Mature colonies were covered with approximately 5 ml of 
sterile PBS (pH 7.4), PBS was then gently rubbed over 
the surface with a sterile spreader. The resulting mixture 
of conidia and hyphal fragments was drawn off with a 
pipette and transferred to sterile tubes. Heavy particles of 
the suspension were allowed to settle for 10 to 15 min at 
room temperature, and the upper homogeneous 
suspension was used for further testing. The optical 
densities of the suspensions were read at 530 nm and 
adjusted to 0.15 to 0.17 to yield 0.6 × 10P

6
P to 1.4 × 10P

6
P to 

spores/ml of strains. The suspensions containing conidia 
and hyphal fragments were further diluted to obtain the 
final desired inoculum size of approximately 0.4 ×10P

4 
Pto 5 

× 10P

4
P spores/ml (Karaca and Nedret Ko, 2004). The 

spore suspension (5 μl) was mixed with 20 μl of various 
concentrations of extracts, fractions (or active 
compounds) and transferred to Petri dishes containing 
SDA (Sabouraud Dextrose Agar). After incubation at 
28 °C for 7 days the plates were photographed.  
2.9. Anti-Trichophyton terrestre Activity of Lucilia 
sericata ES  

The agar dilution method was used to assess the 
activity of L. sericata ES on T. terrestre, Trichophyton 
terrestre was inoculated onto PDA plates and incubated at 
25°C for 7-10 days to obtain young, actively growing 
cultures consisting of mycelia and conidia. Sterilised ES 
was incorporated into PDA sterilised pre-poured medium 
to give a range of final concentrations (µg ml P

-1)
P, the 

medium poured and the agar in the plates allowed to set. 
A mycelial disc, 8 mm in diameter, cut from the periphery 
of the 7-10-day-old cultures, was aseptically inoculated 
onto the medium. The inoculated plates were then 
incubated at 25 °C and the colony diameter measured and 
measured after 5, 10, 15 days. The percentage of mycelial 
inhibition was calculated as follows:  % mycelial 
inhibition = [(dRcR-dRtR)/dRcR] × 100;  dRcR= colony diameter in 
control, dRt R= colony diameter in treatment, three replicate 
plates were used for  each treatment. 
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3. .Results  

As shown in Figure  2, after placing the Lucilia 
sericata maggots into the agar plates inoculated with S. 
cerevisiae (BY4742) GFP for 60 minutes at 25 °C, under 
fluorescent microscope  a significant fluorescence was 
observed in the gut contents of  ten different maggots out 
of ten examined (i.e.100%), whereas no fluorescence was 
seen in maggots fed on only agar. This clearly shows that 
the Lucilia sericata maggots successfully ingested yeasts.  

Figure 2. Left and Right microscopy images correspond to bright 
field and GFP fluorescence, respectively. (a) bright field 
microscopy image of the digestive tract of maggots fed on S. 
cerevisiae (BY4742) GFP (b) GFP fluorescence microscopy 
image of the gut content of maggots fed on S. cerevisiae 
(BY4742) GFP (c) and (d) bright field and GFP fluorescence 
microscopy images of the   gut content of  control maggots 

When excretions/secretions (ES) of Lucilia sericata 
maggots were tested against Trichophyton terrestre by the 
agar dilution method, 1mg/ml of ES showed a 
considerable inhibition of growth of mycelium as 
illustrated in Figure 3. The radial growth inhibition after 
10 days of incubation reached 41.2 ±1.8 % in relation to 
the control. This appears to be the first time that the 
antifungal activity (i.e filamentous)   of maggot’s 
excretions/secretions has been both tested and observed.  

Figure 3. Percent inhibition of mycelial growth of Trichophyton 
terrestre in presence of 1 mg/ml  Lucilia sericata maggot 
excretions/secretions. Percentage of mycelial growth inhibition 
respective to the control  (no ES added). Means of three 
replicates ±SD. 

In investigation of the ability of L. sericata maggots to 
ingest filamentous fungi, no growth of 
Trichophyton terrestre was observed in 16 different 
samples after 10 days of incubation of a subcultures of the 
maggot’s gut suspensions fed on Trichophyton terrestre. 
This observation could indicate that   L. sericata maggots 
are unable to ingest Trichophyton terrestre mycelium and 
spores, or that the fungus is killed as the result of 
ingestion. 

4. Discussion   

Fungal infections are considered as an important cause 
of morbidity and death of patients with burn wounds 
(Horvath et al., 2007; Murray et al., 2008; Becker et al., 
1991). According to Rode et al. (2008) fungal infections 
complications that delay the healing process are 
associated with 30% of burn wounds. 

Dermatomycoses, such as ringworm or tinea 
(Lakshmipathy and Kannabiran, 2010; Weitzman and 
Summerbell, 1995), are infections of the keratinized 
layers of  skin, hair and nail. Dermatomycoses are among 
the most widespread infectious diseases in the world, 
mainly in the tropical and subtropical countries (Brasch 
and Graser, 2005; Lakshmipathy and Kannabiran, 2010). 
Such infections are difficult to control and expensive to 
treat (Bokhari, 2009). It has been estimated that the 
worldwide annual cost of dermatophytosis drug 
development is over USD $ 0.5 billion (Gräser et al., 
2008). The prolonged systemic use of  antifungal drug 
treatment of dermatomycoses  is highly linked to fungal 
resistance, drug toxicity and interactions (Koroishi et al., 
2008) although  positive outcomes in dermatophytosis 
control are generally associated with topical antifungal 
therapy (Karaca and Nedret Ko, 2004) . 

The introduction of maggot therapy to treat heavily 
fungal colonized burn wounds and dermatomycoses such 
as athlete's foot might prove a viable alternative to the use 
of conventional antibiotics, especially where antibiotic 
resistance is found.  

In order to evaluate the use  of Lucilia sericata 
maggots in fungal wound infections and superficial fungal 
infections management, two questions need to be 
answered; firstly, do the Lucilia sericata maggot 
excretions/secretions have antifungal activity ?- and  
secondary, can Lucilia sericata maggots ingest 
pathogenic fungi ? To the best of our knowledge there are 
no previous reports on the antifungal activity of Lucilia 
sericata maggots against filamentous fungi, but as the 
insect larvae are subjected to entomopathogenic fungus 
invasion, the cuticle layer of the larvae is expected to  
have  antifungal  compounds (Gołębiowski et al., 2012a). 
Insect cuticular fatty acids inhibited the hyphal growth 
and  spore germination of the entomopathogenic fungus 
Conidiobolus coronatus (Boguś et al., 2010). Recently, a  
mixtures of alcohols present in cuticular lipids of  M. 
domestica insect and larvae has exhibited a considerable  
antifungal activity against some yeast and filamentous 
fungi (Gołębiowski et al., 2012b). In regarding  to the 
yeast fungi, complete lysis of Candida albicans has been 
shown in vitro after 24 h of maggot application (Margolin 
and Gialanella (2010) and Jarczyk et al. (2008) have 
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reported the elimination of Candida spp. from chronic 
foot ulcerations after treatment with maggots.  

In this study attempts were made to: a) investigate the 
ability of  Lucilia sericata maggots to ingest filamentous 
fungi and yeasts, b) investigate the antifungal activity of 
Lucilia sericata maggot excretions/secretions against 
filamentous fungi only (as it has already been 
demonstrated against yeasts). Trichophyton terrestre was 
chosen as a model dermatophyte filamentous fungus.  

Results obtained here show that maggots are able to 
ingest yeasts and as mentioned above, it has been shown 
that maggots application led to a completed lysis and 
elimination of Candida spp. (Jarczyk et al., 2008; 
Margolin and Gialanella, 2010). With regarding to 
filamentous fungi, the results show that the maggot ES 
have moderate  antifungal  activity, E/S contain a lot of 
alkaline compounds like ammonium carbonate, allantoin 
and urea (Gołębiowski et al., 2012c), which might 
therefore be partially  responsible for this antifungal 
activity. In 2010,  Čeřovský and his co-workers succeed 
to purify  a novel antimicrobial defensin, named 
lucifensin, from the (Lucilia sericata) larvae 
excretions/secretion that  may provide protection to larvae  
when they are exposed to the highly infected wounds 
during the maggot therapy (Čeřovský et al., 2010). The 
results failed to provide evidence about whether the  
maggots are able  to ingest filamentous fungi. However, 
this does not necessarily mean that maggots are unable to 
deal with such fungi as maggots are mainly feed through 
extracorporeal digestion where a mixture of digestive 
enzymes (such as tryptase, peptidase, and lipase) are 
continuously produced by larval salivary glands into the 
surroundings  (Lerch et al., 2000; Andersen et al., 2010), 
the secreted digestive  enzymes could lead to the 
destruction and lysis of  the fungal  mycelium, to be 
subsequently adsorbed by the maggot’s powerful suction 
apparatus (Andersen et al., 2010) especially since 
maggots are  known to have an ability to ingest as much 
as half of their body weight within a few minutes 
(Fleischmann et al., 2004). 

5. Conclusion     

The moderate antifungal activity (yeast and mould) of 
ES of Lucilia sericata maggots and the ability of these 
maggots to ingest yeast and probably to destroy and lyse 
mould mycelium, could lead to the possible application of 
maggot therapy in the treatment of  wounds undergoing 
fungal infection and with superficial fungal infections i.e. 
athlete's foot. Further studies are now needed to help 
confirm this possibility. 
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Abstract 

Seeds of  Triticum aestivum L. (cv. Sakha 93) were sown in  pots and grown under controlled conditions in growth chamber. 
The plants were irrigated with half strength of Hoaglad solution without or with 10 or 30 µM validamycin A, a potent 
inhibitor of trehalase. Plants were collected at three different stages of growth (17, 24 and 31 DAP). Validamycin A 
decreased the activity of trehalase which leads to the accumulation of  trehalose in shoot and root of wheat plants.  Raising 
trehalose level in the plant tissues was accompanied by increase in the sucrose content and starch content of the shoot. The 
increased contents in sucrose and starch were mainly attributed to the increased levels of trehalose. The effect of trehalose on 
the sucrose degrading enzymes (alkaline and acid invertases and sucrose synthase) showed stimulation of alkaline invertase 
activity and inhibition of acid invertase and sucrose synthase. The opposite behavior of sucrose degrading enzymes suggests 
a regulation mechanism controlling the sucrose pool.  

Keywords: Trehalose, Trehalose -6-phosphate, Carbohydrate, Triticum  aestivum, Trehalase, Invertase, Sucrose Synthase, Validamycin. 
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1. Introduction      

Trehalose is a non-reducing disaccharide, formed of 
two α, D glucose molecules linked by an α,α -1,1 
glycosidic linkage. Although there are three possible 
anomers of trehalose: α, α- trehalose;   α, β (neotrehalose) 
and β, β (isotrehalose); yet only the α, α 1-1 
configuration has been isolated from and biosynthesized 
in living organisms (Elbein et al., 2003). Trehalose is 
widespread through the biological world.  It is found in a 
number of different bacteria (Kaasen et al., 1994; 
Shimakata and Minatagawa, 2000) and fungi (Nwaka and 
Holzer, 1998). Trehalose was also present in many 
plants, it has been detected in the resurrection plant 
Selaginella lepidophylla (Adams et al., 1990), Glycine 
max (Müller et al., 1992), Arabidopsis thaliana (Müller  
et al., 2001), Triticum aestivum (El-Bashiti et al., 2005), 
Phaseolus vulgaris (Gracía et al., 2005), Lotus japonicus 
and Medicago truncatula (Lopéz  et al., 2006; 2009).  

There are five known naturally occurring trehalose 
biosynthetic pathways. Only one of these, the OtsA–OtsB 
(TPS –TPP) pathway which involves the intermediate 
trehalose -6- phosphate (T6P). The recent discovery of 
trehalose pathway in plants and T6P in particular has a 
powerful function in metabolic regulation. A direct 
action of T6P as a signal is the redox activation of 
ADP-glucose pyrophosphorylase (AGPase), the key 
enzyme of starch synthesis (Kolbe et al., 2005). T6P 

was reported to inhibit SnRK1 which is a protein 
kinase involved in the regulation of carbohydrate 
metabolism (Zhan et al., 2009). Altering the trehalose 
pathway exerts numerous effects on metabolism and 
development. These effects include embryo development 
(Eastmond et al., 2002), starch metabolism (Kolbe et al., 
2005), sucrose utilization (Schluepmann et al., 2003)   
and tolerance of abiotic stresses (Almeida et al., 2005; 
Karim et al., 2007 and Pilon-Smits et al., 1998). Over-
expression of genes encoding TPS and TPP is reported to 
be effective for improving abiotic stress tolerance in 
tobacco (Holmström et al., 1996), potato (Yeo et al., 
2000), tomato (Cortina and Culiăňez-Maciă, 2005), 
Arabidopsis (Miranda et al., 2007), rice (Ge et al., 2008) 
and maize (Jiang et al., 2010). 

The photosynthetic assimilation of atmospheric CO2 
by leaves yields sucrose and starch as end products of 
two separated pathways namely sucrose in cytosol and 
starch in chloroplasts. Whereas starch is an insoluble 
polyglucose formed in the plastids, fructan is soluble 
polyfructoses  synthesized and stored  in the vacuole. 
Wheat, barley and many other grasses from temperate 
climates store fructan (Taiz and Zeiger, 2006). 

In higher plants, two enzymes are able to catalyze 
sucrose degradation: invertase (E.C. 3.2.1.26) and 
sucrose synthase (E.C. 2.4.1.13). Invertases are usually 
divided into acid, neutral or alkaline groups according    
to the optimum pH requirements and subcellular 
localization (Schroeven et al., 2008; Tao et al., 2010). 

mailto:hanaaelbadawwy@gmail.com
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Sucrose synthase activity has been shown to play a 
major role in energy metabolism, controlling the 
mobilization of sucrose into various pathways important 
for the metabolic, structural, and storage functions of the 
plant cell (Hesse and Willmitzer, 1996; Tang et al., 
1999).  

Trehalase (EC 3.2.1.28) is a glycosyl hydrolase that 
hydrolyzes trehalose. It is detected  in  many prokaryotic 
and eukaryotic cells. It is the only known  pathway of 
utilization of trehalose (Reguera et al., 2011). Trehalase 
has been detected in various organisms such as 
Saccharomyces cerevisiae (Alizadeh and Klionsky, 
1996), Lentinula edodes (Murata et al., 2001) and 
Acidobacterium capsulatum (Inagaki et al., 2001). It is 
also present in soybean (Aeschbacher et al., 1999), 
Medicago sativa (Wolska-Mitaszko et al., 2005), 
Phaseolus vulgaris (Gracía et al., 2005) and Triticum 
aestivum (Kord et al., 2012). This enzyme plays an 
important role in trehalose metabolism, as it is either 
directly involved in the  assimilation of  exogenous 
trehalose, or it controls its level in the cell. 

Validamycin A (C20H35NO13) is a non-systemic 
antibiotic with fungicide action. It is produced from 
fermentation of Streptomyces hygroscopicus variety 
limoneus. It is most effective against soil borne diseases 
and is used for the control of Rhizoctonia solani in rice, 
potato  and other  vegetables (Asano et al., 1987). It is a 
specific competitive inhibitor of trehalase. Treatment  
with validamycin raised trehalose in plant tissue (Müller 
et al., 1995).  

The present work is allotted to study the effect of 
trehalose on the metabolism of carbohydrates in wheat 
plant grown under different levels of validamycin A. 

2. Materials and Methods 

2.1. Plant Material 
Seeds of Triticum aestivum L. (cv. Sakha 93) was 

purchased from Agriculture Research Center, Giza, 
Egypt.  
2.2. Design of the Experiment 

 Seeds of wheat were sterilized by immersing in 
sodium hypochloride (20 %) (v/v) for 20 min, rinsed with 
sterilized distilled water, and sown in plastic pots  (12 cm 
× 12 cm), containing 500 g sterilized mixture of perlite 
and vermiculate (1:1 w/w). Eighteen pots were used. The 
pots were kept in growth chamber at 25-18 °C with 16 h 
light and 8 h dark photocycle (5000 Lux) at 70 % relative 
humidity. Seedlings were grown up to 10 days and 
irrigated with sterilized tap water. The seedlings were 
thinned to ten seedlings in each pot and irrigated with 
half strength of Hoagland solution. The pots were 
grouped into three sets. The first set of pots irrigated with 
half strength of Hoagland solution and designated as 
control. The second and the third sets were irrigated with 
half strength of Hoagland solution containing 10 or       
30 µM validamycin A, respectively. Plants were irrigated 
twice every week keeping the field capacity at 70 %. 
Plant samples were collected after 17 days of planting 
(DAP) when two leaves were fully expanded, after        

24 DAP when three leaves were fully expanded and after 
31 DAP when four leaves were fully expanded. 

The harvested plants of  three pots of each set were 
divided into shoots and  roots, ground in liquid nitrogen 
and used for the determination of carbohydrates 
(trehalose, sucrose, starch and fructan). The remaining 
three pots of each set were used in the determination of 
enzymes (trehalase, alkaline invertase, acid invertase and 
sucrose synthase). 
2.3. Determination of  Trehalase Activity  

Crude extracts of shoots and roots were prepared 
according to the method of Müller et al. (1992). Extracts 
were prepared by homogenized 0.1 g of frozen tissue in a 
mortar with 10 mg/g fresh weight PVP and 1 mL of     
100 mM cold sodium citrate buffer pH 5.5, containing    
1 mM PMSF, 2 mM EDTA. The crude extract was 
centrifuged for 15 min at 10,000 g, the supernatant was 
used to determine enzyme activity.  

Trehalase activity was measured by estimating the 
glucose produced by hydrolysis of trehalose with the 
glucose oxidase-peroxidase kit (Spainreact)  as described 
by Bergmeyer and Bernt (1974). The reaction mixture 
contained 100 mM trehalose (Sigma Aldrich Co.),         
50 mM sodium citrate buffer (pH 5.5) and 0.25 mL crude 
extract in a final volume of 1.5 mL. After incubation at 
55 °C for 30 min, the reaction was stopped by boiling for 
3 min and then the reaction mixture was centrifuged at    
5000 g for 10 min. For the analysis, 10 µL of the 
supernatant was mixed with 1 mL of glucose oxidase-
peroxidase kit solution, mixed by vortex and then the 
mixture was incubated at 37 °C for 15 min. The 
absorbance of the sample was measured at 470 nm. 
Enzyme and substrate blanks were subtracted. One unit 
(nkat) of trehalase activity is defined as the amount of 
enzyme that hydrolyzes nmol trehalose per second at    
pH 5.5. 

The total soluble protein was determined according to 
Lowry et al. (1951). The specific activity of trehalase 
was expressed as nmol/mg protein/sec. 
2.4. Extraction and Determination of Carbohydrates  

2.4.1.  Extraction and Determination of Trehalose 

Trehalose was extracted according to Ferreira et al. 
(1997).  0.1 g of frozen tissue (shoots or roots)  was 
boiled in 2 mL ethanol, evaporated at 60 ºC, the residue 
was dissolved in 5 mL of    5 mM H2SO4, centrifuged at 
10,000 g for  10 min and filtered. Filtrate was heated in 
boiling water bath for 60 min to hydrolyze sucrose in the 
extract, since the sucrose retention time is the same as 
that of trehalose. The pH was adjusted to 7.0, the solution 
was evaporated and the residue was dissolved in distilled 
water. The content of  trehalose was determined by the 
method described by Cizmarik et al. (2004) using HPLC 
(Hewlett Packard, HP 1090 liquid chromatograph), 
Hypersil, 100 × 3 mm, 3 μm column. The separation was 
carried out at  32 °C using a flow rate of 0.8 ml/ min with 
acetonitrile: H2O (85: 15) as mobile phase. The elution 
was detected with a Diode Array Detector (DAD). 
2.4.2.  Extraction and Determination of Sucrose 

Sucrose was extracted by grinding 0.1 g of tissue, 
mixing with 10 mg PVP, 80% ethanol. The homogenate 
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has been incubated at 70 °C for 20 min. After 
centrifugation at 4,000 g for 10 min, the supernatant was 
separated and the pellet was re-extracted twice with 80 % 
ethanol at 70 °C for 30 min. The supernatant was pooled 
and evaporated. The residue was dissolved in 1 mLof 
deionized H2O. The content of sucrose was determined 
using previously mentioned HPLC method (Cizmarik et 
al., 2004). 
2.4.3. Extraction and Determination of Starch 

Starch was extracted according to the method of 
Grotelueschen and Smith (1967). The released glucose 
from hydrolysis of starch was determined in the 
supernatant by glucose oxidase peroxidase kit according 
to the method described by Bergmeyer and Bernt (1974). 
2.4.4. Extraction and Determination of Fructan 

Fructan was extracted by adding 250 µL HCl  (0.2 M) 
to 250 µL of sugar extract, heated at    80 °C for 10 min. 
Samples were neutralized by adding 250 µL of 0.2 M 
NaOH  and diluted by deionized H2O (Sprenger et al., 
1995). The released fructose was determined by Nelson's 
method (Clark and Switzer, 1977). 
2.5. Extraction and Determination of Invertase Activity  

One gram of tissue was homogenized in 10 mL of 
extraction buffer (50 mM phosphate buffer (pH 7.5),       
1 mM 2-mercaptoethanol and 5 mM MnSO4. After 
centrifugation at 20,000g for 10 min, alkaline invertase 
was measured according to the method described by 
Morell and Copeland (1984).  

Acid invertase was assayed according to 
Schellenbaum et al. (1998). The specific activity of 
alkaline invertase and acid invertase were expressed as 
µmole sucrose/ mg protein/min. 
2.6. Extraction and Determination of Sucrose Synthase 
Activity 

Plant extract was prepared by homogenizing 0.2 g of 
tissue in a mortar with 33%  PVP and 1.5 mL of 50 mM 
potassium phosphate buffer (pH 8.0) containing 1mM 
EDTA and 20 % (v/v) ethylene glycol ( López et al., 
2009). The plant extract was centrifuged at 20,000 g for 
10 min. The supernatant was used for determining 
enzyme activity. Sucrose synthase activity was measured 
according to Morell  and Copeland (1985). Specific 
activity of sucrose synthase is expressed as µmole 
sucrose/ mg protein/min. 
2.7. Statistical Analysis 

The data of the experiment were subjected to 
statistical analysis of variance, (One way ANOVA) using 
SPSS 10.0 software. The significant differences were 
considered at P < 0.05 (Snedecor and Cochran 1989).  

3. Results and Discussion 

As shown in Table (1),  treatment with validamycin A 
(10 or 30 µM) decreased the activity of  trehalase in the 
shoot  and root of the wheat cultivar at the different 
growth stages as compared to the control. This decrease 
was more pronounced with the higher validamycin A 
concentration (30 µM). The drop in the specific activity 
of trehalase was accompanied by accumulation of 

trehalose in the treated plants; the level of trehalose was 
higher with the higher validamycin A concentration. 

Several researchers have used validamycin A to raise 
the level of trehalose in plants. Thus, Müller et al. (1995) 
reported that trehalose increased significantly upon 
validamycin A treatment in nodules of Glycine max and 
Vigna uniguiculata. López et al. (2006; 2009) reported 
that validamycin A was able to increase  the level of 
trehalose in nodules of Lotus japonicas and Medicago 
truncatula. Trehalose significantly increased in rice 
seedling by using  validamycin A (Garg et al., 2007). 
Validamycin A was used safely to raise the level of 
trehalose in plant tissues, since it proved to have no effect 
on growth (Müller et al., 2001; Gracia et al., 2005;  Qaid, 
2010). Validamycin A does not affect nitrogen fixation in 
nodules and does not cause any visible damage or growth 
reduction in soybean and common bean (Müller  et al., 
1995;  Gracia et al., 2005). Pellny et al. (2004) and 
Gomez  et al. (2006) who reported that trehalose pathway 
and in particular T6P exerts numerous effects on plant 
growth and development. 

It is clear from the present work that the accumulation 
of trehalose in the wheat plant is accompanied by 
increase in the level of sucrose in shoot and root (Figure 
1). These results are in agreement with those reported by 
Bae et al. (2005) using Arabidopsis thaliana seedlings 
and by Garg et  al. (2007) using rice seedlings. However, 
reduction in sucrose content in response of trehalose 
accumulation was reported by Müller et al. (1998) in 
nodules of soybean; Wingler et al. (2000) in  shoots of 
Arabidopsis thaliana; Müller et al. (2001) in flowers, 
leaves and stems of Arabidopsis and  in nodules of Lotus 
japonicas and Medicago truncatula (Lopéz et al., 2006; 
2009).   

From the literature, it is clear that trehalose and T6P  
accumulate  in plants treated with the potent trehalase 
inhibitor "validamycin A". When the cytoplasmic 
trehalose level increases, its feedback inhibition of 
trehalose phosphate phosphatase (TPP) activity enhanced 
the level of  T6P (Schluepmann et al., 2004; Brohmann, 
2006). 

Trehalose and its intermediate (T6P), both have 
indispensable effect on plant growth and development. 
T6P was reported to inhibit SnRK1 (sucrose 
nonfermenting related protein kinase). Zhang et al. 
(2009) found that genes normally induced by SnRK1 
were repressed by T6P and those normally repressed by 
SnRK1 were induced strongly supporting  a role of T6P 
as inhibitor of SnRK1 in vivo. The inhibition of SnRK1 
by T6P stops the phosphorylation of sucrose -6- 
phosphate synthase (SPS) and keeps the enzyme SPS in 
the active form which leads to increase sucrose synthesis 
(see Diagram 1). 
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Table  1. Mean values for specific activity of trehalase and the 
content of trehalose in shoot and root of Triticum aestivum 
(cv.Sakha 93) at 17, 24 and 31 DAP treated with 10 µM and    
30 µM validamycin A. Specific activity (S.A): nmol/mg protein 
/ sec. Trehalose content: (mg/g dry weight). Values are means of 
three replicates. (*)  Significantly different from control (P 
<0.05). 

 

Diagram  1. Effect of T6P on regulation of sucrose synthesis. 
T6P inhibits SnRK1, thus precludes the phosphorylation of 
sucrose -6- phosphate synthase thus keeping it in the active 
form, which means increase in sucrose synthesis. Modified from 
Taiz and Zeiger ( 2006). 

In the present work, the starch content increased in the 
shoot of wheat by almost 30% to 50 % over the control in 
response to trehalose accumulation. However, it 
decreased in the root of the plant (Figure 1). Our results 
are in agreement with those reported by other authors. 
Wingler et al. (2000) reported that starch was 
accumulated in the shoot of Arabidopsis, Fritzius et al. 

(2001) found that starch accumulated in shoot of 
Arabidopsis seedlings grown on trehalose. Bae et al. 
(2005) reported that starch was 3-fold greater in  the  
trehalose  treated samples than in the control of  A. 
thaliana seedlings. 

It is interesting to mention here that T6P which acts as 
a sugar signal is likely generated in the cytosol and 
possibly transported to the chloroplasts where it could 
produce trehalose by TPP enzymes in the chloroplasts. A 
direct action of T6P as a signal is the redox activation of 
ADP-glucose pyrophosphorylase (AGPase), the key 
enzyme of starch synthesis (Kolbe et al., 2005; Lunn et 
al., 2006). 

Figure  1. The contents of sucrose, starch and fructan in shoot 
and root of Triticum aestivum (cv.Sakha 93) at 17, 24 and        
31 DAP treated with 10 µM and 30 µM validamycin A.           
(*)  Significantly different from control (P <0.05). 

Our results show that accumulation of trehalose was 
accompanied by increases in sucrose and starch contents. 
The increase was more pronounced with the higher 
trehalose concentration which was achieved by using the 
higher validamycin A concentration and also by the 
increase in plant age.  

In the present study, the fructan content did not show 
remarkable changes in the shoot of wheat cultivar (Figure 
1). However, the fructan content of the roots showed 
significant decreases particularly with the higher 
concentration of validamycin A (30 µM). As previously 
mentioned, the accumulation of trehalose raised the 
sucrose level in the roots, but decreased the starch 
content.  Such decrease is due to the hydrolysis of starch 
to maintain soluble sugar supply. The same trend 
happened with the fructan fraction. 

Tr
ea

tm
en

ts
 Shoot 

17 DAP 24  DAP 31 DAP 

S.A Trehalose S.A Trehalose S.A Trehalose 

Control 
0.186 

±0.007 
0.097 

±0.005 
0.299 

±0.006 
0.238 

±0.002 
0.272 

±0.003 
0.346 

±0.015 

10 μM 
 

0.130 * 
±0.003 

0.143* 
±0.006 

0.178* 
±0.005 

0.887* 
±0.030 

0.094* 
±0.003 

1.057* 
±0.042 

30 μM 
 

0.054* 
±0.002 

0.487* 
±0.009 

0.099* 
±0.005 

1.777* 
±0.090 

0.062* 
±0.002 

4.799* 
±0.230 

Root 

Tr
ea

tm
en

ts
 

17 DAP 24  DAP 31 DAP 

S.A Trehalose S.A Trehalose S.A Trehalose 

Control 
0.366 

±0.006 
0.342 

±0.015 
0.310 

±0.006 
0.431 

±0.025 
0.659 

±0.007 
0.564 

±0.030 

10 μM 
 

0.278* 
±0.005 

1.242* 
±0.028 

0.209* 
±0.004 

1.554 
±0.042 

0.313* 
±0.008 

1.748* 
±0.180 

30 μM 
 

0.199* 
±0.005 

2.976* 
±0.090 

0.162* 
±0.004 

3.568* 
±0.056 

0.254* 
±0.005 

3.628* 
±0.190 



 © 2013 Jordan Journal of Biological Sciences. All rights reserved - Volume 6, Number 2 147 

In the present work, the analysis of sucrose degrading 
enzymes showed that the specific activity of alkaline 
invertase increased in response of increasing the level of                
trehalose (Figure 2). This takes place in shoot and root of 
wheat plant using the two concentrations of  validamycin 
and  at the three stages of growth. On the other hand 
decrease in specific activity of acid invertase as well as 
sucrose synthase were found. It is possible that the 
activation of some and the inhibition of other sucrose 
degrading enzymes may have significance in sucrose 
pool regulation. So that, we can conclude that low 
amount of trehalose accumulation can alter the soluble 
carbohydrate pool of the plant. 

Figure  2. Specific activities of alkaline invertase, acidic 
invertase and sucrose synthase in shoot and root of Triticum 
aestivum (cv.Sakha 93) at 17, 24 and 31 DAP treated with        
10 µM and 30 µM validamycin A. (*)  Significantly different 
from control (P <0.05). 

4. Conclusion 

This work demonstrates that accumulation of 
trehalose in wheat plant has considerable potential for 
raising sucrose and starch contents in shoots. Moreover, 
the elevation of level of a sucrose degrading enzyme 
(alkaline inveratse) and decreasing of others (acid 
invertase and sucrose synthase) suggest that trehalose 
accumulation plays a role in regulating the sucrose pool. 
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Abstract 

Drought is a major abiotic stress that is threatening the production and the survival of many crops such as cereals.  The 
response of three Aegilops crassa accessions (C1, C2 and C3) that inhabit areas with different rates of rainfall and durum 
wheat to controlled drought (with soil moisture of 50% field capacity) was tested in terms of changes in: relative water 
content, chlorophyll content, chlorophyll fluorescence and biomass accumulation. At the end of drought treatment, a 
slightly significant decrease in relative water content (RWC) was shown in two Ae. crassa accessions (C2 and C3).  RWC 
of C1 accession and durum wheat showed no change. In all Aegilops accessions and durum wheat, the effect of drought on 
chlorophyll content and chlorophyll fluorescence was minimal. A differential response to drought in terms of biomass 
accumulation was revealed. Ae. crassa C2 and C3 accessions that are adapted to semiarid and arid areas, respectively, 
showed no significant difference in their biomass under drought stress. The biomass of C1 accession that is adapted to 
well-watered area was significantly decreased. A highly significant decrease in biomass was also shown in durum wheat. 
Hence, C2 and C3 accessions of Ae. crassa are promising genetic sources for the genetic engineering of drought tolerant 
wheat plants. Future understanding the molecular basis of how drought-tolerant Aegilops species respond to drought stress, 
can be one of the approaches to improve drought tolerance in wheat.   

Keywords: Controlled drought, Ae. crassa, durum wheat, biomass, acclimation. 
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1. Introduction 

Being sessile, plants are susceptible to environmental 
changes. Drought is a major abiotic stress, which 
challenge crop production and plant survival. Large body 
of information has been gained from studies of abiotic 
stress in the model plants Arabidopsis and rice at 
physiological, biochemical and molecular levels (Ingram 
and Bartels, 1996; Bartels and Sunkar, 2005; Shinozaki 
and Yamaguchi-Shinozaki, 2007; Nakashima et al., 
2009). However, still a lot need to be learned about the 
complexity of plant interaction with the surrounding 
environment.  

Drought can be chronic in semiarid and arid areas with 
low water availability, or random and unpredictable due 
to weather changes during the growing season. Drought 
problem is exacerbating, due to global warming and 
climate change, in addition to the increasing demands of 
water for many purposes including agriculture. Therefore, 
studying the response of crop plants to drought will 
enhance our understanding of this problem. In addition, 
the screening of natural variations is a promising 

approach to harness traits that fit the changing 
environments (Nevo and Chen, 2010).  

Wild relatives of cultivated crops that are distributed 
in a wide climatic range are valuable genetic sources for 
the improvement of economic crop plants. Aegilops 
(goatgrass) belongs to Poaceae and is well known as the 
wild relative of wheat. Indeed, bread wheat (Triticum 
aestivum) resulted from the hybridization between wheat 
and Aegilops (Dvorak et al., 1998; Hedge et al., 2000; 
Faris et al., 2002; Petersen et al., 2006). Hence, Aegilops 
is considered as the progenitor of wheat. Twenty-three 
Aegilops species were identified (Kilian et al., 2011). 
Eleven species are diploids and 12 are allopolyploids. 
Aegilops plants exist with different types of genomes: A, 
B, D and G (Kimber and Feldman, 1987). Aegilops 
species are distributed in southwestern Asia. Aegilops is 
considered as a Mediterranean plant (Hegde et al., 2002). 
It was shown that Aegilops species inhabit warm areas 
with short winter and hot and dry summer (Baalbaki et 
al., 2006).  

Ae. crassa is distributed in different parts of Asia: 
Iran, Iraq, Afghanistan, Kazakhstan, Kyrgyzstan, Syria, 
Turkmenisatn, Usbekistan, Tajikistan, Turkey, Jordan and 
Lebanon (Kilian et al., 2011). Ae. crassa is considered 
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drought tolerant species because it grows in areas with 
150 - 350 mm rainfall (Kilian et al., 2011 ).  

At all stages of their development, plants are exposed 
to different environmental stresses. Both the 
developmental stage and the severity of drought were 
found to play crucial role in plant response to stress 
(Blum et al., 1980; Harb et al., 2010). No correlation was 
found between the response of wheat grains and the 
photosynthesizing seedling when exposing these stages to 
osmotic stress induced by polyethylene glycol (PEG) 
(Blum et al., 1980). Therefore, one cannot extrapolate 
results about stress response from one developmental 
stage to another, which necessitates independent studies 
of stress response for each developmental stage.  

The performance of Aegilops species under soil 
drought were evaluated in different areas (Farooq and 
Azam, 2001; Baalbaki et al., 2006; Colmer et al., 2006). 
Response of some Lebanese Aegilops species and 
accessions to drought was tested; Ae. geniculata and Ae. 
markgrafii were found to be the most drought tolerant 
species (Baalbaki et al., 2006). In another study, utilizing 
gas exchange parameters (photosynthesis and stomatal 
conductance) to evaluate drought tolerance in some 
Hungarian Aegilops species indicated that Ae. tauschi and 
Ae. speltoides were shown to be drought tolerant. These 
two species showed high stomatal conductance and CO2 
fixation at low water potential, which was measured in 
terms of plant relative water content (RWC) (Molnar et 
al., 2004). Biochemical evaluation of drought response of 
two accessions of Ae. biuncialis revealed different 
strategies of drought tolerance (Czovek et al., 2006). All 
previous studies demonstrate the potential of Aegilops 
species and accessions as rich reservoir for stress 
resistance genes towards wheat improvement (Schneider 
et al., 2008). Indeed, screening Aegilops plants for abiotic 
stress resistance is the first step in the mining process for 
stress responsive genes towards the improvement of 
wheat for high yield under stress conditions.  

In the present study, acclimation efficiency of Ae. 
crassa accessions collected from areas that differ in the 
rate of rainfall under controlled drought compared to that 
of durum wheat was tested. Acclimation efficiency was 
evaluated in terms of biomass accumulation at the end of 
drought treatment. 

2.  Materials and Methods 

2.1.  Plant Material 
Grains of three Ae. crassa accessions were collected 

from areas with different rainfall rate in Jordan during the 
summer of 2011 (Table 1).  One accession (C1) is grown 
in area that is considered well-watered with rainfall 300 - 
600 mm. The second one (C2) is grown in a semiarid area 
with rainfall 150 - 300 mm. The third accession (C3) is 
grown in an arid area with rainfall 50 - 200 mm. Grains 
were harvested and properly stored. In addition, grains of 
durum wheat (Triticum durum Desf. cv. Haurani 27) were 
provided by the National Center for Agriculture Research 
and Extension (NCARE)/Jordan. 

2.2. Plant Growth Conditions 
Grains of Ae. crassa and durum wheat were surface 
sterilized by 5% Chlorox and washed with distilled water 
for several times. Sterile grains were kept in 9 cm plates 
on wet filter paper. Plates were wrapped with aluminum 
foil and kept for 5 days at 4ºC for dormancy breakage. 
After that, grains were kept to germinate at 25ºC. After 2 
days of germination, seedlings were transferred to pots of 
capacity of 150 g filled with soil mix of 1:1:2 (loam: 
peatmoss: sand). Seedlings were kept to grow under six 
white fluorescent lamps for 16 hrs and temperature of 20 
± 2ºC.  

2.3. Drought Treatment 
At 2-leaf stage, plants were grouped into 8 plants of 

the control (well-watered 100% Field capacity (FC)) and 
8 plants of the drought-treated (50% FC). Watering was 
withheld for the drought treated group. Soil water 
moisture was monitored until it reached 50% FC. After 
that, pots were weighed daily and soil water content was 
adjusted to final weight based on calculation using 
EXCEL software. Final weight that gives 50% FC was 
calculated as follows: 

FC = (Wet soil wt - Dry soil wt)/ (Dry soil wt - pot 
wt)*100 

50% FC = 0.5 * FC  
Wt of soil and pot at 50% FC = ((1 + 50 % FC)* Dry 

soil wt) - (50% FC * pot wt)) (Harb et al., 2010) 

Table 1.  Areas of collection of Ae. crassa with their geographic location and  bioclimate   
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2.4. Determination of Relative Water Content (RWC) 

After 10 days of 50% FC drought treatment, segments 
of the third fully expanded leaves of 6 drought-treated and 
6 well-watered plants were taken and their fresh weight 
(FW) was measured. After that, they were soaked in water 
and kept in water at 4ºC for 16 hrs. After soaking, 
segments were weighed to determine their turgid weight 
(TW). Then, segments were dried at 80ºC for 2 days and 
their dry weights (DW) were measured. RWC was 
calculated as follows: 

RWC% = (FW- DW)/ (TW - DW)*100 

2.5. Determination of Cut Leaf Water Loss (CLWL) 

After 10 days of 50% FC drought treatment, the 
second leaves were excised from 6 drought-treated and 6 
well-watered plants, and their fresh weight was measured.  
Leaves were kept to dehydrate under growth room 
conditions (Temperature of 20 ± 2ºC) for 2 hrs and then 
their weight was measured. Dry weight was measured 
after drying plant samples in oven at 80ºC for 2 days. 
CLWL was calculated as follows: 

CLWL% = (W0-Wt)/ (W0-Wd)*100 
W0: Initial weight (fresh weight) 
Wt: Weight after dehydration period (2 hrs in this 

experiment) 
Wd: Dry weight 

2.6.  Chlorophyll Quantification 

Samples from the third fully expanded leaves of 5 
drought-treated and 5 well-watered plants were used for 
the quantification of chlorophyll after 10 days of 50% FC 
drought treatment. Chlorophyll (Chl) was extracted in 
80% acetone solution. Absorbance was determined at 663 
nm and 645 nm and Chl a, Chl b and total Chl were 
calculated as shown in the following equations: 

mg Chl a/ g fresh tissue wt = (12.7*A663 - 2.69 
*A645)* V/1000 * wt 

mg Chl b/ g fresh tissue wt = (22.9*A645 - 
4.68*A663)* V/1000 * wt 

mg total Chl / g fresh tissue wt = (20.2*A645 + 8.02 
*A663)* V/1000 * wt 

V: final volume of 80% acetone used in the extraction 
of chlorophyll. 

2.7. Chlorophyll Fluorescence Measurements 
The quantum efficiency of photosystem II (YII) was 

determined using OS1p chlorophyll fluorometer (Opti-
Science, USA). Measurements were made on the 
youngest fully expanded leaves of the well-watered 
control and the drought-treated (50% FC) plants. YII was 
measured for 8 plants per treatment per accession. 

2.8. Fresh Weight and Dry Weight Determination 
After 10 days of 50% FC drought treatment, 3 – 8 

plants of the treated and the control groups were harvested 
and their fresh weight was measured. After that, they were 
kept into an oven to dry at 80ºC for 2 days and their dry 
weights were measured. 

2.9. Statistical Analysis 

All data were analyzed by Student’s - T test. 
Differences with p-value less than 0.05 were considered 
significant.  

3. Results 

3.1. Changes in Relative Water Content in Response to 
Drought 

The effect of drought treatment (Fig. 1) on the water 
status of plants in terms of relative water content (RWC) 
was diagramed. No significant differences occurred in 
RWC between the drought-treated and the well-watered 
control in each of Ae. crassa accession C1 and durum 
wheat (P = 0.3 and 0.6, respectively) (Fig. 2A). However, 
a significant decrease (P=0.04) in RWC was shown in 
leaves of C2 and C3 of Ae. crassa accessions (Fig. 2A).  

Figure 1. Schematic illustration of the drought treatment. A. 
Watering was withheld at two true leaf stages. B. Soil water 
content reached 50% of field capacity (FC). Then, pots were 
weighed daily and their weights were adjusted to keep soil water 
content 50% FC for 10 days. C. Drought treatment was 
terminated and plants were harvested for the physiological, 
biochemical and morphological analyses.  

Figure 2. Physiological response of plants to drought. A. 
Relative water content (RWC) of Ae. crassa accessions (C1, C2 
and C3) and durum wheat (T) under drought compared to the 
well-watered control. B. Cut leaf water loss (CLWL) of Ae. 
crassa accessions (C1, C2 and C3) and durum wheat (T) under 
drought compared to the well-watered control. * represents 
significant difference ≤ 0.05 and ** represents significant 
difference ≤ 0.01.  
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3.2. The Effect of Drought Pretreatment on the Cut Leaf 
Water Loss under Dehydration  

To test the effect of controlled drought pretreatment on 
water loss under dehydration, The cut leaf water loss 
(CLWL) was determined for all accessions under two 
treatments (drought and well-watered). Ae. crassa 
accession C1 and durum wheat plants that were drought-
treated have significantly higher water loss than the well-
watered control (P =0.04 and 0.02, respectively) (Fig. 
2B). Drought-treated plants of Ae. crassa accession C3 
showed a highly significant water loss compared to the 
well-watered (P = 0.0007) (Fig. 2B). No significant 
change in CLWL appeared in Ae. crassa accession C2 (P 
= 0.2) (Fig. 2B). 

3.3.  Chlorophyll Content in Response to Drought 
It is known that chlorophyll quantity decreases under 

drought treatment and this effect is correlated with the 
severity of drought. To test the effect of controlled 
moderate drought on chlorophyll quantity, chlorophyll 
content of the drought-treated and the well-watered plants 
was determined. For all Ae. crassa accessions and durum 
wheat, no significant differences in chlorophyll a and b 
and the total chlorophyll content between the drought-
treated and the well-watered were shown (Table 2).   
Table 2. Chlorophyll a, b and total chlorophyll content (µg/ g 
fresh weight) of Ae. crassa accessions (C1, C2 and C3) and 
durum wheat under drought compared to the well-watered 
control. 

Values are the means ± standard error (n = 4 – 5). 

3.4. The Effect of Drought on Chlorophyll Fluorescence  
Under drought stress, the efficiency of photosystem II 

(PSII) is decreased depending on the nature and the 
severity of drought treatment. Therefore, the quantum 
efficiency of PSII (YII) of the drought-treated and the 
well-watered plants was measured. For all accessions, 
there was no significant difference in YII between the 
drought-treated and the well-watered control (Fig. 3). 
However, under drought stress YII of Ae. crassa 
accession C3 was significantly higher than that of C1 
accession and durum wheat (P = 0.02 and 0.04, 
respectively) (Fig. 3). 

Figure 3. The effect of drought on the quantum efficiency of 
PSII (YII) of Ae. crassa accessions (C1, C2 and C3) and durum 
wheat (T) under drought compared to the well-watered control.  

3.5. Changes in Fresh and Dry Weight under Drought 

The outcome of drought stress will be manifested as a 
change in plant's biomass. Therefore, fresh and dry 
weights of plants were measured for the drought-treated 
and the well-watered plants. Both fresh weight and dry 
weight of Ae. crassa accession C1 were significantly 
reduced (P= 0.01 and 0.03, respectively). For C2 
accession, the reduction in fresh weight in response to 
drought was highly significant, whereas no significant 
change was shown in the dry weight (P= 0.009 and 0.12, 
respectively). Plants of C3 accession showed no 
significant change in fresh and dry weight (P= 0.1 and 
0.2, respectively). In durum wheat, the reduction in fresh 
and dry weight was highly significant in the drought-
treated plants compared to the well-watered ones (P= 0.01 
and 0.0008, respectively) (Fig. 4). 

Figure 4. The effect of drought on plants growth. A. Fresh 
weight (FW) in grams of Ae. crassa accessions (C1, C2 and C3) 
and durum wheat (T) under drought compared to the well-
watered control . B. Dry weight (DW) in grams of Ae. crassa 
accessions (C1, C2 and C3) and durum wheat (T) under drought 
compared to the well-watered control. * represents significant 
difference ≤ 0.05 and ** represents significant difference ≤ 0.01. 

Plant 
Genotype 
Ae. Crassa 

Control Drought 

Chl 
a 

Chl 
b 

Total 
Chl 

Chl 
a 

Chl 
b 

Total 
Chl 

C1 
2.35 ± 
0.53 

1.41 ± 
0.30 

3.75 ± 
0.82 

2.23 ± 
0.64 

1.33 ± 
0.42 

3.55 ± 
1.06 

C2 
1.98 ± 
0.81 

1.42 ± 
0.60 

2.10 ± 
0.70 

1.88 ± 
0.16 

1.33 ± 
0.18 

3.21 ± 
0.31 

C3 
2.37 ± 
0.54 

1.24 ± 
0.23 

3.61 ± 
0.78 

1.41 ± 
0.24 

0.74 ± 
0.12 

2.16 ± 
0.34 

T. durum 
2.00  ± 

0.24 
1.33 ± 
0.30 

3.33 ± 
0.45 

3.10 ± 
0.80 

1.45 ± 
0.33 

3.44 ± 
0.33 



 © 2013Jordan Journal of Biological Sciences. All rights reserved - Volume 6, Number 2 
  

155 

Discussion 

Plant water status is a good indicator of plant 
performance under drought stress. In two maize hybrids, 
progressive drought for 9 days resulted in a significant 
decrease in RWC of the two hybrids (Medici et al., 2003). 
In four bread wheat cultivars, rainfed plants showed 
reduced RWC compared to the irrigated control (Sarker et 
al., 1999). In Aegilops and wheat, severe drought resulted 
in a significant reduction in RWC (Molnar et al., 2004; 
Keyvan, 2010). In one accession of Ae. bicornis adapted 
to area with rainfall of 75-275 mm, progressive drought 
resulted in slow decrease in RWC, which led to a fast 
stomatal closure and reduction of photosynthetic 
efficiency (Dulai et al., 2006). In the latter study, two 
other Aegilops species adapted to arid regions (Ae. 
tauschii and Ae. speltoides) showed differential response 
to progressive drought in terms of change in RWC. Their 
RWC was drastically decreased, but they kept high 
stomatal conductance even at 70% RWC. In the present 
study, Aegilops and wheat plants showed differential 
response to controlled moderate drought. Two Ae. crassa 
accessions C2 and C3 slightly decreased their RWC under 
moderate drought, whereas C1 accession and durum 
wheat showed no change in their RWC.  Reduction of 
RWC under drought stress could be drought tolerance 
strategy to alleviate the detrimental effect of drought on 
plant’s growth (Price et al., 2002). Reduction of RWC 
increases the internal osmotic potential, and consequently 
protects plants against water loss. This is consistent with 
the strategy adopted by one accession of Ae. biuncialis 
that inhabits areas with 550 mm annual rainfall (Molnar et 
al., 2004).  In this accession of Ae. biuncialis, the 
reduction in RWC did not affect its performance under 
mild and severe osmotic stress.  Indeed, it showed a better 
performance under stress conditions in terms of CO2 
assimilation and biomass compared to accessions adapted 
to areas with high rainfall rate. Moreover, progressive 
drought under greenhouse conditions resulted in the 
reduction of the RWC of this accession without affecting 
its yield (Molnar et al., 2004).  

The response of plants to dehydration can be by 
reducing water loss through stomatal closure to avoid the 
detrimental effects of dehydration, or by tolerating low 
internal water content because of fast water loss (Levitt, 
1980). In this study, CLWL of Ae. crassa accession C1 
and C3 and durum wheat was significantly increased in 
the drought-treated plants compared to the well-watered 
ones. This is inconsistent with a study in natural 
accessions of Arabidopsis as for many accessions no 
change in CLWL between the two treatments was shown 
while other accessions reduced their CLWL under 
drought treatment as a strategy to avoid drought stress 
(Bouchabke et al., 2008).  

The effect of drought on plant photosynthesis can be 
shown as a decrease of CO2 diffusion due to stomatal 
closure, or by impeding metabolites regeneration during 
photosynthesis (Prasad et al., 2008). Chlorophyll 
fluorescence as a method of evaluation of plants response 
to drought stress is well known (Sayed, 2003). It was used 
for the evaluation of the performance of many crops: 
barley, oat, rice, sorghum and maize under different 

environmental stresses including drought (Sayed, 2003). 
Drought stress that led to RWC of 40% had no effect on 
dark and light adapted PSII activity in tomato and potato 
plants (Havaux, 1992). In two accessions of Ae. 
biuncialis, osmotic stress of -1.8 MPa resulted in a 
significant decrease in the quantum efficiency of PSII 
(YII) (Molnar et al., 2004). This decrease in YII did not 
affect the biomass of these accessions, whereas for the 
third accession the biomass was decreased without any 
change in its YII. In this study moderate controlled 
drought did not affect the quantum efficiency of PSII, but 
a significant increase in YII was shown in Ae. crassa 
accession C3 under drought compared to durum wheat. 
This might suggest a mechanism adopted by this 
accession to keep almost normal growth under drought 
stress.  

Environmental stresses such as drought affect 
chlorophyll synthesis and consequently chlorophyll 
content in plants. In a study on 157 accessions of Ae. 
geniculata, some accessions reduced their chlorophyll 
content when exposed to drought stress in the field 
(Zaharieva et al., 2001). This was explained as a 
mechanism to alleviate the negative effect of high energy 
from sunlight. Moreover, a positive correlation was found 
between chlorophyll content and plant biomass 
(Zaharieva et al., 2001). Drought-treated plants of the 
three Ae. crassa accessions (C1, C2 and C3) and durum 
wheat showed no change in Chl a, Chl b and total 
chlorophyll content compared to the well-watered plants. 
This suggests that the drought treatment was not severe 
enough to inhibit chlorophyll synthesis. Indeed, exposing 
different cultivars of durum wheat to severe drought 
under field conditions resulted in the reduction of their 
chlorophyll content (Talebi, 2011). Moreover, progressive 
drought for 7 days led to a decrease in chlorophyll content 
of three cultivars of bread wheat (Nikolaeva et al., 2010). 
The effect of drought on chlorophyll content was found to 
be developmental stage dependent (Keyvan, 2010). In 
bread wheat, drought imposed at earlier reproductive 
stage resulted in higher decrease of chlorophyll content 
compared to that imposed at later stages (Keyvan, 2010).  

Plant growth occurs by two processes: cell division 
and cell expansion. It was found that cell expansion is 
more sensitive to drought stress than cell division (Prasad 
et al., 2008). Cell division and cell expansion are sensitive 
to mild drought before any noticeable change in 
photosynthesis (Prasad et al., 2008). In plants, the effect 
of drought is manifested as a reduction in biomass. In 
different Aegilops species, two levels of drought stress 
(moderate and severe) resulted in a significant reduction 
in biomass (Baalbaki et al., 2006).  

Different drought regimes: progressive and controlled 
moderate drought showed differential morphological, 
physiological, biochemical and molecular changes in 
Arabidopsis plants (Harb et al., 2010). Multiphasic effect 
was shown when Arabidopsis plants were exposed to 
controlled moderate drought (Harb et al., 2010). At early 
priming phase, most of the physiological, biochemical 
and molecular changes take place. This phase is followed 
by intermediate phase during which plants are preparing 
to acclimatize to drought stress. At late acclimation stage, 
plants reach new homeostasis and are acclimated to 
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drought stress. In this study, Ae. crassa accessions and 
durum wheat were exposed to controlled moderate 
drought. At the end of drought treatment, morphological, 
physiological and biochemical parameters were evaluated. 
This phase might be the same as the late acclimation 
phase shown in Arabidopsis, at which plants are already 
acclimated to drought stress with new homeostasis. At 
this phase a few physiological, biochemical and molecular 
changes can be captured compared to the early priming 
phase. This might explain the minimal effect of drought 
treatment on RWC, chlorophyll content and chlorophyll 
fluorescence. The effect of drought on biomass is 
accumulative, so a substantial change in biomass will be 
shown at the end of drought treatment.  

The two accessions of Ae. crassa (C2 and C3) are 
naturally adapted to semiarid and arid habitats, 
respectively. This may explain the minimum effect of 
drought stress obtained on these accessions compared to 
C1 accession that is adapted to well-watered habitat and 
durum wheat. Therefore, Ae. crassa C2 and C3 accessions 
are promising genetic sources for the genetic engineering 
of drought tolerant wheat plants. 
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Abstract 

The present study was done to investigate the effect of cigarette smoking (CS) on some immunological and hematological 
parameters in Erbil city. The study is carried out on fifty male smokers, who smoked at least 10 cigarettes per day for at 
least10 years. Depending on the age of the smokers, they were divided into two groups. The first group includes smokers 
with age range between 25-35 years, and the second group includes smokers with age range between 36-45 years. Two 
control (non-smokers) groups were collected with the same range of age for statistical comparison. The results of the study 
revealed a significant increase of interferon-gamma (IFN-γ) level in both age groups when compared with their controls. A 
significant decrease of the total immunoglobulin A (IgA) level was recorded in both age groups when compared with their 
control. Furthermore the level of malondialdehyde (MDA) which is an indicator of lipid peroxidation (LPO) and oxidative 
stress significantly increased in cigarette smokers in both age groups when compared with control groups. While the level 
of Carbohydrate Antigen 19-9 (CA 19-9 Ag) increased in the age group 25-35 years, but this increase is not significant 
when compared with its control group; the level of CA 19-9 Ag significantly increased in age group 36-45 years when 
compared with its control group. Moreover the results revealed a significant increase in the total white blood cells (WBC), 
Neutrophil, Eosinophil, Basophil, Monocyte, and Lymphocyte count in both age groups when compared with their control 
groups. However, the basophil in the first group (25-35 years), the increase was not significant. While the number of 
platelets count did not statistically change in both age groups. 
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1. Introduction      

Smoking is one of the most common addictions of 
modern times. It has been implicated as an etiological 
agent for various chronic diseases, including a variety of 
infections, cancers, heart diseases, and respiratory 
illnesses such as chronic obstructive pulmonary disease 
(COPD), that have impairment in the balance between cell 
growth and cell death, which, put together, are the leading 
causes of morbidity and mortality in today’s society 
(Zhong et al., 2008; Mehta et al., 2008). Unless current 
smoking patterns are reversed, the World Health 
Organization (WHO) estimates that, by the decade 2020-
2030, tobacco will be responsible for 10 million deaths 
per year, with 70% of them occurring in developing 
countries (WHO, 2001; Suriyaprom et al., 2007). 

Cigarette tobacco smoke contains over 4000 
compounds, including at least 200 toxicants, 80 known or 
suspected carcinogens, large quantities of oxidants and 
free radicals that induce oxidative stress, oxidative lung 
injury and apoptosis (Zhong et al., 2008; Soldin et al., 
2011). 

Smoking generates many toxic and carcinogenic 
compounds harmful to the health, such as nicotine, 
nitrogen oxides, carbon monoxide, hydrogen cyanide, and 
free radicals (Hoffmann et al., 2001). Smoking is 
associated with increased oxidative stress and exerts an 
inflammatory stimulus on lung macrophages which may, 
like bacterial and viral infection, result in the production 
of free radicals and the inflammatory cytokines 
interleukin-1 (IL-1), interleukin-6 (IL-6), IFN- and 
tumor necrosis factor α (TNF-α); these may be the 
precursors to the diseases associated with smoking 
(Francus et al., 1992; Takajo et al., 2001). 

Chronic inhalation of CS alters a wide range of 
immunological functions, including innate and adaptive 
immune responses. It has been speculated that many of 
the health consequences of chronic inhalation of CS might 
be due to its adverse effects on the immune system. The 
possibility that the increased prevalence of diseases that 
are associated with CS might, in part, be due to tobacco-
smoke-induced changes in the immune and inflammatory 
processes, was recognized first in the 1960s (Sopori, 
2002). 

Cigarette smoke (CS) affects a wide range of 
immunological functions in humans and experimental 
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animals, including both the humoral and cell-mediated 
immune responses. It is postulated that this increased 
susceptibility reflects cigarette smoke-induced 
impairment of the immune system (Sopori and Kozak, 
1998; Kalra et al., 2000). 

The acute effects of CS on markers of oxidative stress 
have been analyzed in exhaled air, broncho-alveolar 
lavage fluid (BALF) and blood, even though that, in 
chronic smoking, the numbers of neutrophils are 
increased in the blood and BALF. In addition, CS causes 
an acute inflammatory reaction characterized by the 
accumulation of neutrophils and macrophages in the 
membranous bronchioles and alveoli of the lungs, leading 
to destruction of the peribronchiolar alveolar attachments 
and eventually pulmonary dysfunction (Sopori, 2002).  

Interferon-gamma (IFN-γ) dimerized soluble cytokine 
that is the only member of the type II class of IFNs 
(Abbas and Andrew, 2005). This IFN was later called 
macrophage-activating factor, a term now used to 
describe a larger family of proteins to which IFN-γ 
belongs. IFN-γ is a cytokine that is critical for innate and 
adaptive immunity against viral and intracellular bacterial 
infections and for tumor control. Aberrant IFN-γ 
expression is associated with a number of 
autoinflammatory and autoimmune diseases. The 
importance of IFN-γ in the immune system stems, in part, 
from its ability to inhibit viral replication directly, and 
most importantly from its immunostimulatory and 
immunomodulatory effects. IFN-γ is produced 
predominantly by natural killer (NK) as part of the innate 
immune response, and by CD4 Th1 and CD8 cytotoxic T 
lymphocyte (CTL) effector T cells once Ag-specific 
immunity develops (Schoenborn and Wilson, 2007). 

Secretory IgA (sIgA) is the main Ig isotype mediating 
humoral immunity in human secretions at luminal sites 
including oral, gastrointestinal, respiratory passages as 
well as in the eye. sIgA production is triggered after 
translocation of Ag from the lumen to mucosa-associated 
lymphoid tissue. The presence of IgG Abs at the mucosal 
surface may be protective and it has been show that IgG2 
subtype predominates. IgG in secretions is derived from 
serum or mucosa. Studies show tobacco smoke impacts 
both the systemic and mucosal immunity with changes 
demonstrated in mucosal Ab production and systemic Ab 
production. This includes passive smoking, which 
increases the risk of respiratory disease (Bouvet et al., 
2002). 

CA 19-9 is biochemically identified as 36 kD sialyl 
derivative of lacto- N-fucopentaose II, hapten of human 
Lewis blood group carbohydrate antigenic determinant 
occurring as monosialoganglioside/glycolipid in tissue or 
as circulating mucin with a molecular weight >106 D in 
serum (Lamerz, 1999; Rottenberg et al., 2009).  This 
carbohydrate Ag is expressed in bronchiolar epithelial 
cells and found in bronchoalveolar lavage in patients with 
pulmonary fibrosis. Purified CA19-9 stimulated 
neutrophil chemotaxis to C5a and IL-8. Normally, CA19-
9 may be found in healthy individuals and it increases in 
benign hepatobiliary disease, with the highest levels in 
excretory ductal pancreatic adenocarcinoma, biliary, 
hepatocellular and cholangiocarcinoma cancer. CA19-9 is 
associated as a tumor marker with metastatic disease in 

pancreatic cancer, colorectal cancer, biliary cancer, 
urothelial cancer and melanoma. Neoplasm 
transformation is induced by high expression of CA19-9. 
Extravasations of tumor cells from the bloodstream and 
formation of metastatic disease were associated with 
CA19-9. The mechanism is probably due to its interaction 
with E-selectin expressed on endothelial cells (Miki et al., 
1995; Rottenberg et al., 2009).  

Oxidative stress is implicated in CS-induced airway 
diseases, such as COPD (Rahman and MacNee, 1999). It 
is suggested that oxidative stress is an important trigger in 
the up regulation of pro-inflammatory genes (Van den 
Berg et al., 2001) 

Cigarette smoke (CS) contains numerous oxidants that 
have the capability of interacting with various 
biomolecules to cause adverse biological effects. Some of 
the more prominent targets of CS include DNA, RNA, 
lipids, amino acids, proteins, dietary antioxidants and 
various endogenously synthesized biomolecules such as 
glutathione and α1-antiprotease (Traber et al., 2000; 
Bruno, 2004).  

Exposure to CS causes cellular oxidative stress, a key 
feature in smoking-induced lung inflammation (Rahman, 
2003). Oxidative stress can enhance nuclear factor (NF-
κB) DNA binding activity (Schreck et al., 1991). NF-κB 
is a critical transcription factor regulating many cytokines, 
including IL-8, IL-6, TNF-α, granulocyte–macrophage 
colony-stimulating factor (GM-CSF), macrophage 
inflammatory protein (MIP)-1, and macrophage 
chemotactic protein-1 (MCP-1). Enhanced NF-κB 
activation has been shown in bronchial biopsies from 
smokers and in guinea pigs exposed to CS, with a 
subsequent increase in IL-8 release. Activator protein 
(AP)-1, like NF-κB, regulates many of the inflammatory 
genes that are overexpressed in response to CS (Li et al., 
2009).   

The aim of the present study is to evaluate the effects 
of CS on some immunological parameters, like IFN-, 
total IgA, oxidative stress (represented by MDA), and 
CA19-9 Ag, which is a tumor marker in different organs 
in the human body, and also to evaluate its effects on 
some hematological parameters in male smokers.  

2. Materials and Methods 

2.1. Design of the Study 
Fifty male smokers were used in this study; they 

smoked at least 10 cigarettes per day for at least10 years. 
The smokers were collected in Erbil city during the period 
(May 2012 - July 2012). 

Depending on the age of the smokers, they were 
divided into two groups. The first group includes smokers 
with age range between 25-35 years, and the second 
group includes smokers with age range between 36-45 
years. Two control (non-smokers) groups were collected 
with the same range of age for statistical comparison.  
2.2. Blood Sampling    

Blood samples were taken by 5 cc syringe and put into 
chilled tubes with and without ethylene diamine tetra 
acetic acid (EDTA) (4.5mM) as anticoagulant and 
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centrifuged at 3000rpm at 4oC for 15 minute; then the sera 
were stored at -40Cο. 

2.3. Estimation of Interferon-Gamma (IFN-γ) 

Estimation of interferon-gamma (IFN-γ) was done by 
enzyme-linked immuno sorbent assay (ELISA) technique, 
which obtained from Cusabio Company (China). 
2.4. Detection of Serum Total IgA by Immune 
Precipitation Technique 

The plate from its envelope was removed and left to 
stand at room temperature for few minutes so that any 
condensed water in the wells could evaporate. The wells 
were filled with 5 µl of sample and/or controls and a 
period of time of waiting was required till it was 
completely absorbed before handing the plate. The plate 
was closed and placed in a moist chamber. 72 h period of 
waiting was required for incubation. The concentration 
value corresponding to the precipitating ring diameter was 
read on the enclosed reference table.  
2.5. Determination of Serum Malondialdehyde (MDA)  

The assessment of the lipid peroxidation process is 
achieved via determining the end product MDA. The level 
of serum MDA was determined spectrophotometrically 
with a thiobarbituric acid (TBA) solution. In brief, to 150 
µl serum sample the following were added: 1ml (17.5%) 
trichloroacetic acid (TCA) and 1ml of 0.66% TBA, mixed 
well by vortex, incubated in boiling water for 15 minutes, 
and then allowed to cool. One ml of 70% TCA was added 
and the mixture allowed to stand at room temperature for 
20 minutes, centrifuged at 2000 rpm for 15 minutes, the 
supernatant was taken out for scanning 
spectrophotometrically at (532nm) (Muslih et al., 2002). 

 
The concentration of MDA calculated as follow: 

MDA (µmol/L) =    ×D × 106  

L: light path (1cm) 
E0: Extinction coefficient 1.56×105 M-1 .Cm-1 
D: Dilution factor = 1 ml Vol. Used in ref./0.15 =6.7  

2.6. Estimation of Carbohydrate Antigen 19-9 (CA 19-9 
Ag) 

Estimation CA 19-9 Ag was done by enzyme-linked 
immunesorbent assay (ELISA) technique, obtained from 
Human Gesellschaft Company (Germany). 
2.7. Hematological Analysis 

Blood parameters were immediately determined by 
using automated hematology analyzer (Coulter counter, 
Sysmex xt-2000i Japan) for determining total WBC 
count, deferential leukocyte, and platelet numbers. 
2.8. Statistical Analysis  

All data are expressed as mean± standard error 
(M±S.E), and statistical analysis was carried out using 
statistically available software (SPSS). Comparisons 
between groups were made using independent samples T 
test at (P<0.05). 

3.  Results  

3.1. Serum Level of Interferon-γ (IFN-γ) 
A significant increase of IFN-γ level was recorded in 

smokers 25-35 years group with mean value (48.73± 
0.854) when compared with its control (37.81± 1.796) 
(Table 1). Furthermore, the level of IFN-γ significantly 
increased in smokers 36-45 years group with mean value 
(55.63± 0.997) when compared with its control (41.20± 
0.734) (Table 2). 
3.2. Serum Level of Total IgA 

A significant decrease of total IgA level was recorded 
in smokers 25-35 years group with mean value (222.2± 
13.79) when compared with its control (346.6± 21.53) 
(Table 1). Furthermore, the level of total IgA significantly 
decreased in smokers 36-45 years group with mean value 
(183.2± 18.71) when compared with its control (319.5± 
14.34) (Table 2). 
Table 1. Mean ± SE of effect of CS on IFN-γ and total IgA in 
male smokers (25-35 years)   

Parameters Control 25- 
35 years 

Smoker 25- 
35 years 

Statistical evaluation 
(P-value) 

IFN-γ 
(pg/ml) 37.81± 1.796 48.73± 0.854 0.000 

IgA 
(mg/dl) 346.6± 21.53 222.2± 13.79 0.000 

P<0.05 

Table  2. Mean ± SE of effect of CS on IFN-γ and total IgA in 
male smokers (36-45 years)  

Parameters Control 36- 
45 years 

Smoker 36- 
45 years 

Statistical evaluation 
(P-value) 

IFN-γ 
(pg/ml) 41.20± 0.734 55.63± 0.997 0.000 

IgA 
(mg/dl) 319.5± 14.34 183.2± 18.71 0.000 

P<0.05 

3.3. Serum Malondialdehyde (MDA) Level 
The level of MDA in smokers 25-35 years group was 

significantly increased with mean value (3.982± 0.131) 
when compared with its control group (2.939± 0.153) 
(Table 3). Besides the level of MDA in smokers 36-45 
years group was significantly increased with mean value 
(4.289± 0.318) when compared with its control group 
(3.196± 0.126) (Table 4). 
3.4. Serum Level of Carbohydrate Antigen 19-9 (CA 19-9 
Ag) 

The level of CA 19-9 Ag in smokers 25-35 years 
group was increased with mean value (19.18± 3.434) 
when compared with its control group (11.87± 1.861) but 
this increasing in CA 19-9Ag level is not significant 
(Table 3), while the level of CA19-9 Ag in smokers 36-45 
years group was increased significantly with mean value 
(23.97± 4.178) when compared with its control group 
(14.13± 1.276) (Table 4). 
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Table  3.  Mean ± SE of effect of CS on MDA and CA 19-9 Ag 
in male smokers (25-35 years)  

 Parameters  Control 25 
-35 years  

Smoker 25- 
35 years  

Statistical evaluation 
(P-value) 

MDA  
(µmol/L) 2.939±  0.153 3.982± 0.131 0.000 

Ca19-9 
 (U/ml) 11.87± 1.861 19.18± 3.434 0.068 

P<0.05 

Table  4 . Mean ± SE of effect of CS on MDA and CA 19-9 Ag 
in male smokers (36-45 years)   

Parameters Control 36- 
45 years  

Smoker 36- 
45 years  

Statistical evaluation 
(P-value) 

MDA 
 (µmol/L) 3.196± 0.126 4.289± 0.318 0.004 

Ca19-9 
 (U/ml) 14.13± 1.276 23.97± 4.178 0.029 

P<0.05 

3.5. Haematological Analysis 

A significant increase was recorded in most of 
haemtological parameters, in smokers 25-35 years group, 
the total WBC count increased significantly with mean 
value (9.177± 0.619) when compared with its control 
group (7.063± 0.468); the neutrophils increased 
significantly with mean value (5.372± 0.547), when 
compared with its control group (3.840± 0.284). 
Likewise, a significant increase was recorded in 
eosinophil numbers with mean value (0.216± 0.032) when 
compared with its control group (0.094± 0.013), while 
basophil numbers statistically did not change with mean 
value (0.056± 0.006) when compared with its control 
group (0.046± 0.006). On the other hand, a significant 
increase was observed in monocyte count with mean 
value (0.765± 0.036) when compared with its control 
group (0.551± 0.027). Moreover lymphocyte numbers 
significantly increased with mean value (2.761± 0.133) 
when compared with those in their control group (1.967± 
0.096) (Table 5). 

In smokers 36-45 years group, the total WBC count 
increased significantly with mean value (8.697± 0.302) 
when compared with its control group (6.550± 0.281), and 
neutrophils increased significantly with mean value 
(4.741± 0.291) when compared with its control group 
(3.948± 0.253). Likewise, a significant increase was 
recorded in eosinophil numbers with mean value (0.265± 
0.020) when compared with its control group (0.132± 
0.017). The basophil numbers significantly increased with 
mean value (0.072± 0.008) when compared with their 
control group (0.041± 0.006). On the other hand, a 
significant increase was observed in monocyte count with 
mean value (0.751± 0.025) when compared with those in 
their control group (0.534± 0.034). Moreover lymphocyte 
numbers significantly increased with mean value (2.698± 
0.173) when compared with those in their control group 
(1.829± 0.078) (Table 6). 

In smokers 25-35 years group, the numbers of platelets 
count statistically did not change with mean value (271.6 
±12.89) when compared with its control groups (245.8± 
8.911) (Table 5).  

Likewise, in smokers 36-45 years group, the numbers 
of platelets count statistically did not change with mean 
value (221.5±10.09) when compared with its control 
groups (241.0±10.34) (Table 6). 
Table  5 . Mean ± SE of effect of CS on hematological 
parameters in male smokers (25-35 years)  

 Parameters 
Control 25- 
35 years  
x103/µl 

Smokers 25- 
35 years  
x103/µl 

Statistical 
evaluation 
(P-value) 

WBC 7.063±  0.468 9.177±  0.619 0.009 

Neutrophil 3.840± 0.284 5.372±  0.547 0.016 

Eosinophil 0.094±  0.013 0.216± 0.032 0.001 

Basophil 0.046±  0.006 0.056±  0.006 0.239 

Monocyte 0.551±  0.027 0.765±  0.036 0.000 

Lymphocyte 1.967± 0.096 2.761±  0.133 0.000 

Platelets  245.8± 8.911 271.6 ± 12.89 0.105 

P<0.05 

Table  6.  Mean ± SE of effect of CS on hematological 
parameters in male smokers (36-45 years)  

Parameters 
Control 36- 

45 years 
x103/µl 

Smokers 36- 
45 years 
x103/µl 

Statistical 
evaluation 
(P-value) 

WBC 6.550± 0.281 8.697± 0.302 0.000 

Neutrophil 3.948± 0.253 4.741± 0.291 0.045 

Eosinophil 0.132± 0.017 0.265± 0.020 0.000 

Basophil 0.041± 0.006 0.072± 0.008 0.002 

Monocyte 0.534± 0.034 0.751± 0.025 0.000 

Lymphocyte 1.829± 0.078 2.698± 0.173 0.000 

Platelets 241.0± 10.34 221.5± 10.09 0.183 

P<0.05 

4. Discussion 

4.1. Serum Level of Interferon-γ (IFN-γ) 
The results of the present study showed a significant 

increase in the level of IFN-γ in both age groups. The 
results of previous study showed dissimilar results about 
the level of IFN-γ when compared with other studies.  

With regard to CS and immune function, in vitro and 
in vivo studies on the effects of CS toxins and nicotine on 
both IFN-γ are inconclusive. While some in vitro rodent 
studies suggest that nicotine may decrease IFN-γ 
(Hallquist et al., 2000; Nouri-Shirazi and Guinet, 2003), 
other studies suggest just the opposite; exposure to 
tobacco smoke also appears to increase IFN-γ (Petro et 
al., 1992) and IL-10 secretion (Zhang and Petro, 1996). 
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Although IFN-γ secreting cells were decreased in 
smokers’ airways compared to nonsmokers’ (Hagiwara et 
al., 2001), no statistically significant difference in IFN-γ 
levels were found in smoking vs. nonsmoking (Cozen et 
al., 2004; Zavitz et al., 2008). Further, Zeidel et al. (2002) 
reported an increase in IFN-γ without an increase in the 
balancing effect of IL-10 in the peripheral blood of 
cigarette smokers.  

Whetzel et al. (2007) reported that IFN-γ levels were 
higher among female smoker. Ouyang et al. (2000) 
reported a significant down regulation of IFN-γ and TNF-
α in cultured peripheral blood mononuclear cells treated 
with CS extract, while Nordskog et al. (2005) revealed 
that the secretion of IL-6, IL-8, IL-4, IL-2, IFN-γ and 
GM-CSF was stimulated in response to CS condensate. 

Increasing evidence suggests that macrophages and 
lymphocytes are important immunocytes in the smoke 
induced chronic inflammatory process. Activated T cells 
could release IFN-γ, which acts as macrophage- activating 
factor. Activated macrophages secrete many 
inflammatory proteins that may orchestrate the 
inflammatory process. Macrophages have the capacity to 
release the chemokines IFN-γ inducible protein (IP-10), 
IFN-inducible T-cell α-chemoattractant (I-TAC), and 
monokine induced by IFN-γ (Mig), which may be 
chemotactic for CD8+ T cells via interaction with the 
CCR5(markers of T helper 1 cells) receptor- CCL5 in 
smokers (Costa et al., 2008).  
4.2. Serum Level of Total IgA  

The present study indicates a significant decrease in 
total IgA in both age groups. This result is analogous with 
other studies on the effects of smoking on the immune 
system (Schwartz and Weiss, 1994; Sopori and Kozak, 
1998; Arnson et al., 2010). 

Griesel et al. (1999) determined sIgA levels in people 
who stopped smoking for at least 2 weeks. Transient 
decrease in sIgA occurred followed by a return to normal 
values within 2 weeks of stopping smoking. 

Several studies have found that smokers had serum Ig 
levels (IgA, IgG, and IgM) up to 10e20% lower than 
those of non-smokers (Ussher et al., 2004). 

There is increasing evidence that chronic nicotine 
treatment leads to inhibition of the Ab response indicating 
that nicotine is a major immunosuppressive component in 
CS (Geng et al., 1996; Sopori and Kozak, 1998). 
4.3. Serum MDA Level 

The results of the present study show a significant 
increase in the level of MDA in both studied age groups. 
This result is similar to the previous studies like Schmid 
et al. (1996) and Durak et al. (2002). 

  Cigarette smoke (CS) is known to contain a 
large number of oxidants; it has been hypothesized that 
many of the adverse effects of smoking may result from 
oxidative damage to critical biologic substances (Skurnik 
and Shoenfeld, 1998). Two major phases were identified 
in CS: a tar phase and a gas phase; both phases are rich in 
oxygen-centered, carbon-centered and nitrogen-centered 
free radicals as well as non-radical oxidants. From the 
analysis of each phase, it was estimated that a single 
cigarette puff contains approximately 1014 free radicals in 
the tar phase, and 1015 radicals in the gas phase. These 

include various compounds, which are capable of causing 
an increase in the generation of various ROS like 
superoxide (O2

•−) hydrogen peroxide (H2O2), hydroxyl 
(OH•) and peroxyl (ROO•) radicals. These ROS, in turn, 
are capable of initiating and promoting oxidative damage 
in the form of lipid peroxidation (Pasupathi et al., 2009). 
Moreover, copper and iron elements in CS have been 
found to promote hydroxyl radical (OH•) formation by 
Fenton-type reactions in activated cells (Durak et al., 
2002). 

Durak et al. (2002) suggested that smoking creates a 
significant oxidant load in the erythrocytes. As a result, 
toxic free radicals and other oxidant substances in CS 
damages unsaturated fatty acids and some other 
oxidation- sensitive structures in the erythrocytes leading 
to MDA level increase. 

Oxidative stress plays a critical role in the 
inflammatory response to CS through up regulation of 
redox-sensitive transcription factors and subsequently 
pro-inflammatory gene expression (Gilks et al., 1998; 
Keating et al., 1999). Inflammation itself also induces 
oxidative stress in the lungs and polymorphisms of genes 
for inflammatory mediators or antioxidant genes may 
have a role in individual susceptibility to the effects of CS 
(Smith and Harrison, 1997). 

The redox-sensitive transcription factor NF-κB, which 
can be activated by oxidants and inhibited by antioxidants 
(Sen and Packer, 1996), plays an important role in the 
coordinated expression of inflammatory genes induced by 
CS (van den Berg, 2001). 

Exposure to CS causes a cellular oxidative stress, a 
key feature in smoking-induced lung inflammation 
(Rahman and MacNee, 1999; Rahman, 2003). Oxidative 
stress (particularly hydrogen peroxide) can enhance NF-
κB DNA binding activity (Schreck et al., 1991). NF-κB is 
a critical transcription factor regulating many cytokines, 
including IL-8, IL-6, TNF-α, GM-CSF, macrophage 
inflammatory protein (MIP)-1, and MCP-1(Di Stefano et 
al., 2002). 
4.4. Serum Level of Carbohydrate Antigen 19-9 (CA 19-9 
Ag) 

The results of this study show that the level of CA19-9 
in age group 25-35 years smokers increased but this 
increase is not significant, while the level of CA 19-9 
increased significantly in age group 36-45 years smokers. 
This result is similar to what is obtained by Kawai et al. 
(2008), Rottenberg et al. (2009), and Wang et al. (2012). 
Lee et al. (1998) reported a significant association 
between CA19-9 and average number of cigarette 
consumed per day. 

CA 19-9 is a carbohydrate antigen expressed in 
bronchiolar epithelial cells and found in bronchoalveolar 
lavage in patients with pulmonary fibrosis. Purified 
CA19-9 stimulated neutrophil chemotaxis to C5a, and IL-
8. Normally, CA19-9 may be found in healthy individuals 
and it increases in benign hepatobiliary disease, with the 
highest levels in excretory ductal pancreatic 
adenocarcinoma, biliary, hepatocellular and 
cholangiocarcinoma cancer (Rottenberg et al., 2009). 

The presence of elevated CA19-9 levels in patients 
with lung cancer has been described in Japan. Most of 
these patients were diagnosed with adenocarcinoma. In 
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addition, cell lines from poorly differentiated 
adenocarcinoma of the lung may produce this tumor 
marker (Nagami et al., 1988). 

Correlation between CA19-9 and the size of the 
pancreatic adenocarcinoma was reported by Ferrone et al. 
(2006). CA19-9 is associated as a tumor marker with 
metastatic disease in pancreatic cancer, colorectal cancer, 
urothelial cancer and melanoma. Neoplasm 
transformation is induced by high expression of CA19-9. 
Extravasations of tumor cells from the bloodstream and 
formation of metastatic disease were associated with 
CA19-9. The mechanism is probably due to its interaction 
with E-selection expressed on endothelial cells. 

Rottenberg et al. (2009) concluded that CA19-9 may 
be elevated not only in the case of pancreatic cancer, but 
also in patients with non-small cell lung cancer. And due 
to the similar demographic and environmental risk factors 
for both conditions, it is important to interpret the CA19-9 
results in light of the clinical presentation as well as chest 
and abdomen imaging. 
4.5. Haematological Parameters: 

The results show a significant increase in the total 
WBC, neutrophil, eosinophil, basophil, monocyte, and the 
lymphocyte count in both groups, except basophil which 
statistically did not show any change in group 25-36 
years; this result is similar to what is obtained by 
Schwartz and Weiss (1994), Freedman et al. (1996). 

Cigarette smoking (CS) has been shown to be 
associated with an elevated peripheral blood leucocyte 
count (Schwartz and Weiss, 1994). One of the possible 
mechanisms of increasing of total WBC may be due to the 
glycoprotein from the tobacco leaf which can stimulate 
lymphocyte proliferation and differentiation by interacting 
with a specific membrane component, as occurs in 
antigenic response (Freedman et al., 1996).  

Cigarette smoke (CS) can induce cyclooxygenase-2 
(COX-2) expression and lead to prostaglandin-E3 (PGE2) 
release from many cell types, such as fibroblasts, blood 
monocytes, AMs, lung dendritic cells and neutrophils, 
most of which are immune cells. In addition, the ability of 
CS and its carcinogens, nicotine in particular, to promote 
the production of COX-2-derived PGE2 has also been 
demonstrated in various types of human cancer cells 
(Badawi et al., 2002).  

Arachidonic acid (AA) is liberated from cell 
membrane phospholipids and converted by COXs to 
unstable PGG2 and PGH2, which are further metabolized 
by cell specific prostanoid synthases to biologically active 
prostanoids, mainly including PGE2, TxA2 and PGI2. 
TxA2 can bind to its receptor to activate COX-2 gene 
regulators NF-κB which induce pro- inflammatory 
cytokines that cause increasing in WBC count (Huang and 
Chen, 2011) 

The eosinophil is likely to be primarily important in 
terms of IgE-mediated airway injury. Eosinophils are 
attracted to the lung by elevations in serum IgE, which 
increases in cigarette smokers. Cytokine activation, 
particularly IL-3 and-5, may be important in attracting 
eosinophils to injured airways. CS was shown to activate 
IL- 2 and may activate other cytokines. In addition, CS is 
known to be associated with protean immunologic effects, 
such as increased CD4 cells in light smokers, increased 

CD8 cells in heavy smokers, and decreased IgG, IgM, and 
IgA. Thus, other cells and immunologic mechanisms may 
also be important in airway inflammation due to CS 
(Schwartz and Weiss, 1994).  

It has often been hypothesized that AMs, a key innate 
immune cell in the lungs, are the orchestrators of CS-
induced inflammation. Work by D’Hulst (2005), and 
Botelho et al. (2009) demonstrate that mechanisms that 
drive CS-induced inflammation are associated with innate 
immunity. It is acceptable that innate immune 
mechanisms initially drive CS induced inflammatory 
processes, and that the engagement of adaptive immunity 
occurs in a more chronic setting (Nikota and Stämpfli 
2012).  

The net effect of CS on neutrophils is an elevation of 
the neutrophils count and a reduction of their 
functionality. The systemic inflammatory response 
triggered by exposure to CS is characterized by the 
stimulation of the hematopoietic system, specifically the 
bone marrow, which results in the release of leukocytes 
and platelets into the circulation (Arnson et al., 2010). 

Nicotine has been shown to inhibit formation of free 
oxygen radicals in PMN. Thus, it is likely that nicotine 
also has the capacity to suppress several neutrophil-
mediated inflammatory actions. PMN from the peripheral 
blood of smokers also exhibits depressed migration and 
chemotaxis compared with PMN from non-smokers 
(Nguyen et al., 2001). 

The results of the present study show that there is no 
significant change in the platelets count PDW% and 
PLCR % between the control and smokers in both groups. 
This result is in agreement with previous results by 
Butkiewicz et al. (2006), who reported that there is no 
statistically significant difference in platelet count 
between male smokers and non-smokers. Suwansaksri et 
al. (2004) observes no alterations in platelets in male 
smokers and non-smokers. According to Blann et al. 
(1998), smoking two cigarettes a day by chronic smokers 
of both sexes do not affect the platelet count; Hawkins 
(1972) also appears to have substantiated the findings of 
the present study. She observed no significant difference 
between the platelet counts of nonsmokers, light smokers, 
and heavy smokers. Various reports have focused on the 
influence of smoking on platelets because of a possible 
association between smoking and alteration of blood 
platelets. Some of these results showed an increase of 
platelets turnover and a decrease of platelet survival in 
smokers; increased destruction of platelets, however, was 
not sufficient to reduce the number of circulating platelets 
(Fuster et al., 1981). 

5. Conclusion  

From the present study, we can concluded that 
cigarette smoking increases the risk of cancer in different 
organs by the evidence of increasing of level of CA 19-9 
and free radicals which have an important role in cancer. 
Also cigarette smoking increases inflammation responses 
which are represented by increasing the level of IFN-γ 
and WBC count.  
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Abstract 

New techniques have been developed, many derived from biotechnology that enhance and expand the use of human cells and 
tissues as therapeutic products. These new techniques hold the promise that some day they will provide therapies for many 
serious medical conditions. With the increasing numbers of trauma, cancer cases and diabetes mellitus cases every year in 
The Hashemite Kingdom of Jordan (Jordan), it is important to explore and introduce the use of new therapeutic technologies 
in the Jordanian health care system, i.e., biotechnology, tissue engineering, and cell based therapy. Before introducing these 
therapy modalities to the Jordanian market, assessing the knowledge of these new therapeutic modalities is worth performing.  
The current study aimed to assess the knowledge of biological growth factors and mesenchymal stem cells (MSCs) use and 
benefits in orthopaedics in Jordan. The assessment was made by analyzing questionnaire results filled by a sample of 
Jordanian orthopaedics surgeons and senior medical school students from the Hashemite University, Zarqa, Jordan. The 
questionnaire results reflected good knowledge and appreciation of the use and benefits of biological growth factors and 
MSCs in orthopaedics applications and treatments among participants. Surprisingly, higher percentages of positive answers 
were reported about the knowledge of mesenchymal stem cells benefits compared to biological growth factors in the year 
2012. The results also showed statistically significant lower percentages of positive answers to the question of thinking that 
using these new technologies will reduce the treatment cost (≤36%), compared to the percentages of positive answers to the 
other questionnaire questions. Still, higher percentages of positive answers were reported to whether participants will agree to 
use biological growth factors to accelerate the healing process on themselves (82% in 2009 & 74% in 2012). The current 
study also presented an assessment of the Jordanian regulations and their ability to define and regulate the use of these new 
therapeutic technologies and their products in Jordan. The questionnaire results and the legislations assessment highlighted 
the necessity to reform the Jordanian laws to build a legal framework that encourage healthcare suppliers and providers to 
explore and evaluate new technologies that might reduce treatment cost and hospitalization time in Jordan.     
 
Keywords: Biotechnology, Mesenchymal Stem Cells, Medical Education, Orthopaedics, Jordanian Medical Regulations. 
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1. Introduction      

In Jordan, orthopaedics surgeons are challenged every 
day to accelerate healing, reduce cost, and reduce 
hospitalization time. In recent years, Jordan is 
experiencing an increase in trauma incidents due to 
automobile accidents, as well as an increase in life 
expectancy resulting in an increase in the number of 
diabetes mellitus and other hormonal deficiency cases 
among Jordanian population. These factors resulted in a 
high number of orthopaedics patients with medical 
conditions experiencing impaired or delayed bone 
healing/regeneration (Brighton and Shaman et al., 1995) 
(Stuart and Morrey, 1990; Papa et al., 1993; Tisdel et al., 
1995; Perlman and Thordarson, 1999). 

Orthopaedics patients with impaired or delayed bone 
healing/regeneration are stressing the healthcare system 
with their long hospitalization time and the extra care 
they need in their treatment (Cozen, 1972; Loder, 1988). 
All these facts require orthopaedics surgeons and 
healthcare professionals in Jordan to consider using new 
technologies, such as the use of biotechnology and cell 
based therapy in orthopaedics applications in Jordan to 
reduce treatment cost and hospitalization time. 

With the advances made in molecular medicine and 
molecular biology, several molecules have been 
identified that regulate the cascade of events in a time-
dependent fashion leading to repair of bone tissue 
(Dimitriou et al., 2005). This knowledge has led to a 
great interest in the application of these molecules in the 
clinical setting, especially for treatment of impaired 
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fracture healing. The key growth factors characterized as 
being present in the fracture site are TGF-β1, TGF-β2, 
BMP-2, BMP-3, BMP-4, and BMP-7 (OP-1), PDGF, and 
acidic and basic FGF (FGF-1 and FGF-2) (Bolander, 
1992; Linkhart et al., 1996; Einhorn, 1998).  

Several approaches have been utilized to elicit the 
formation of bone in segmental defects and facilitate the 
healing process (Flemming, 2002).  These approaches 
have included the implantation of osteoconductive 
extracellular scaffolds (Holmes, 1987; Martin, 1989; 
Zardiackas, 1994; Johnson, 1996; Hollinger et al., 2008) 
and the implantation of bone morphogenetic proteins in 
various matrices (Brighton and Hunt, 1991; Gehart, 
1993; Cook, 1994; Stevenson, 1994; Wolff, 1994; 
Nurminskaya and Linsenmayer, 1996; Schmitz et al., 
1999; Haynesworth et al., 2002).  Another concept is 
based upon ex vivo expansion of pluripotent 
mesenchymal stem cells (MSC) loaded onto a carrier 
system.   

The MSC are self renewing pluripotent progenitor 
cells that have been isolated from the whole marrow of 
chicks, mice, rats, rabbits, goats, and humans (Goshima, 
1991; Haynesworth, 1992; Haynesworth et al., 2002). 
These cells have the capability of differentiating into 
osteoblasts, chondrocytes, adipocytes, tenocytes, and 
myoblasts. Potential advantages of this strategy consist of 
decreased need for massive cellular proliferation and 
osteoblast progenitor cell chemotaxis into the defect as 
well as development of appropriate signaling for early 
bone formation in the graft site. This osteogenic potential 
of marrow derived MSC has been well defined in vivo 
(Mardon, 1987; Owens, 1988; Ohgishi, 1989; Goshima, 
1991).   

The role of MSC in bone regeneration and formation 
continues to be defined, and manipulation of MSC has 
resulted in new therapeutic strategies (Goshima et al., 
1991; Lennon et al., 2001; Khan, 2005; Kraus, 2006). 
While this concept (application of MSC) has 
demonstrated its potential role for surgical reconstruction 
and arthrodesis procedures, significant questions exist 
regarding the use of this technology in developing 
countries including Jordan. This project aimed to assess 
the knowledge of biological growth factors and 
mesenchymal stem cells use and benefits in orthopaedics 
applications among a selected sample of Jordan's 
orthopaedics surgeons and senior medical school 
students. 

We hypothesized that orthopaedics surgeons and the 
senior medical school students in Jordan are aware of the 
benefits, cost, applicability, and the advantages over the 
classical treatment modalities of using biotechnology and 
cell based therapy in orthopaedics applications and 
treatments in Jordan. Furthermore, it is hypothesized that 
orthopaedics surgeons and the senior medical school 
students in Jordan are willing to use this cutting edge 
technologies on themselves to accelerate the bone healing 
process.  
 

2. Materials and Methods 

2.1. The Questionnaire  

The questionnaire was prepared by the investigation 
team and it was designed to investigate if the doctors and 
students participating had the knowledge about the use 
and benefits of biological growth factors (BGF) and 
mesenchymal stem cells (MSCs) in orthopaedics. The 
questionnaire consisted of two parts; the first part was 
designed to investigate the knowledge of BGF use and 
benefits in orthopaedics in Jordan, and it consisted of 
nine “Yes/No/I don’t know” questions asking the 
participants [ (1) Do you have any information or any 
idea about using the biological growth factors in 
orthopaedics applications and treatments? ; (2) Do you 
know the benefits of its use?; (3) Do you recommend 
using it?; (4) Do you think that it will reduce the 
treatment cost?; (5) Do you think that it will reduce 
hospitalization time?; (6) If you are to choose between 
the available “old” technology and using the biological 
growth factors technology, will you use the biological 
growth factors technology?; (7) Do you think it is an 
expensive technology?; (8) Do you believe that it can be 
used in Jordan?; and, (9) If you got an injury in your 
bone, do you agree to use this technology to accelerate 
the healing process?], successively. 

The second part intended to investigate the knowledge 
of MSCs use and benefits in orthopaedics in Jordan, and 
it consisted of nine “Yes/No/I don’t know” questions 
asking the participants [ (1) Do you have any information 
or any idea about using mesenchymal stem cells in 
orthopaedics applications and treatments? ; (2)Do you 
know the benefits of its use? ; (3)Do you recommend 
using it? ; (4) Do you think that it will reduce the 
treatment cost? ; (5) Do you think that it will reduce 
hospitalization time? ; (6) If you are to choose between 
the available “old” technology and using mesenchymal 
stem cells, will you use mesenchymal stem cells? ; (7) Do 
you think it is an expensive technology? ; (8) Do you 
believe that it can be used in Jordan? ; and  (9) If you got 
an injury in your bone, do you agree to use this 
technology to accelerate the healing process?]. 

The questionnaire was circulated to be filled at two 
different time points, the first time was in October 2009 
and the second time was in March 2012. In 2009, the 
questionnaire was given to a sample of orthopaedics 
surgeons (n=19), whereas, in 2012, the questionnaire was 
given to another sample of orthopaedics surgeons (n=24) 
and to a sample of fourth year-senior medical school 
students (n=29). The questionnaire was written in 
English, then it was translated to Arabic by the 
investigation team. The questionnaire was presented to 
the participants in its Arabic version to be answered.  
2.2. Statistical Analysis 

Statistical analyses were performed using SigmaStat 
3.0 (SPSS Inc., Chicago, Illinois). The amount of “yes” 
answers to each question in each questionnaire was 
analyzed. Analysis of variance (ANOVA) was performed 
followed by Holm-Sidak post hoc tests to identify 
differences between the percentages of positive “yes” 
answers among the questionnaire questions and the 



 © 2013 Jordan Journal of Biological Sciences. All rights reserved - Volume 6, Number 2 169 

differences between the overall additive percentages of 
the positive answers of the nine questions among the 
different groups of participants in all time points selected. 
P values less than 0.05 were considered statistically 
significant. 
2.3.  Evaluating Jordanian Regulations Related to 
Biotechnology and Cell Based Therapy Products  

To investigate the Jordanian regulations regarding 
biotechnology and cell based therapy use, a review of the 
Jordanian regulations governing the definition, 
manufacturing, and circulation was made for those 
therapy modalities and their products. 

3.  Results 

3.1. (2009) Questionnaire 

In 2009, nineteen questionnaires in total were filled 
by orthopaedics surgeons; eight were filled by 
orthopaedics surgeons from the city of Amman in their 
private clinics, five were filled by orthopaedics surgeons 
from King Hussain medical city in Amman, two were 
filled by orthopaedics surgeons from the city of Zarqa in 
their private clinics, and four were filled by orthopaedics 
surgeons from the city of Irbid in King Abdullah-I 
hospital.  

 The percentages of positive “Yes” answers were 
determined for each question of the questionnaire, 
according to the medical institution they were filled in 
(Tables 1 & 2). There were no statistically significant 
differences among the percentages of positive answers in 
the MSCs part (Table 2). 
Table 1. 2009 Orthopaedics surgeons knowledge of biological 
growth factors use and benefits questionnaire results according 
to each health care institution: 

[a] : P < 0.03 versus all questions 

 

Table 2. 2009 Orthopaedics surgeons knowledge of 
mesenchymal stem cells use and benefits questionnaire results 
according to each health care institution: 

Question 
# 

% of Positive answers of the knowledge of mesenchymal 
stem cells use and benefits in orthopaedics 

Amman 
private 
clinics 
(n=8) 

King Hussain 
medical city 

(n=5) 

Zarqa  
private 
clinics 
(n=2) 

King 
Abdullah-I 

hospital 
(n=4) 

Mean 
± SD 

1 75 100 0 75 
62.5 
 ± 43 

2 75 100 50 100 
81.3  
± 24 

3 75 80 100 25 
70  

± 32 

4 62.5 60 0 25 36.9 
 ± 30 

5 75 100 50 25 62.5  
± 32 

6 87.5 80 100 75 
85.6  
± 11 

7 62.5 100 50 50 
65.6  
± 24 

8 62.5 80 100 50 
73.1  
± 22 

9 62.5 80 100 75 
79.4  
± 16 

However, in the BGF part, the percentages of the 
positive answers were significantly lower for the fourth 
question “Do you think that it will reduce the treatment 
cost?” as compared to all other questions in BGF part of 
the questionnaire (33.8 % with P < 0.03) (Table 1).  

No differences in the percentage of the negative “No” 
answers nor in the percentages of the “I don’t know” 
answers among the nine questions in both parts of the 
questionnaire (Data not shown).  
3.2. (2012) Questionnaire 

In 2012, fifty three questionnaires in total were filled; 
twenty four by orthopaedics surgeons from six different 
medical institutions and twenty nine by fourth year-
senior medical school students (MD students) from The 
Hashemite University, Zarqa, Jordan. The twenty four 
orthopaedics surgeons’ questionnaires were filled in the 
following medical institutions; King Hussain medical city 
in Amman (n=4), Jordan University Hospital in Amman 
(n=3), AlBasheer Hospital in Amman (n=5), Prince 
Hamza Hospital in Amman (n=3), the city of Salt public 
hospital (n=3), AlIsraa Private Hospital in Amman (n=6).     

The percentages of positive "Yes" answers were 
determined for each question according to the medical 
institution they were filled in (Surgeons n=24), and for 
the senior medical school students (MD students n=29) 
(Tables 3 & 4). Furthermore, the percentages of positive 
"Yes" answers were determined for the entire sample 
participated of both the orthopaedics surgeons and the 
medical school students (Total n=53) (Table 5).  

In the BGF part of the questionnaire, the percentages 
of the positive answers for the entire sample of 
participants (Total n=53) were significantly lower for the 
fourth question “Do you think that it will reduce the 
treatment cost?” as compared to the six other questions 
(18% with P < 0.02), and strongly trending lower as 
compared to the remaining two questions (P = 0.078). 

Question 
# 

% of Positive answers of the knowledge of the biological 
growth factors use  and benefits in orthopaedics 

Amman 
private 
clinics 
(n=8) 

King 
Hussain 

medical city 
(n=5) 

Zarqa  
private 
clinics 
(n=2) 

King 
Abdullah-I 
 hospital  

(n=4) 

Mean 
± SD 

1 87.5 100 100 75 
90.6 
± 12 

2 50 100 100 75 
81.3 
± 24 

3 87.5 60 50 100 
74.4 
± 23 

4 50 60 0 25 
33.8 

± 27 a 

5 62.5 80 100 50 
73.1 
± 22 

6 100 80 50 75 
76.2 
± 21 

7 75 100 50 50 
68.8 
± 24 

8 75 60 100 100 
83.8 
± 20 

9 75 80 100 75 
82.5 
± 12 
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Furthermore, the BGF results showed significantly lower 
percentages of the positive answers for the fifth question 
“Do you think that it will reduce hospitalization time?” as 
compared to three questions (35% with P < 0.05). On the 
other hand, the percentages of the positive “Yes” answer 
for the ninth question “If you got an injury in your bone, 
do you agree to use this technology to accelerate the 
healing process?” were significantly greater (74% with P 
< 0.02) as compared to two other questions (Table 3).   

In the MSCs part of the questionnaire, the percentages 
of the positive answers for the entire sample of 
participants (Total n=53) were significantly lower for the 
fourth question “Do you think that it will reduce the 
treatment cost?” as compared all other questions (17 % 
with P < 0.03). Furthermore, the percentages of the 
positive answers of the sixth “If you are to choose 
between the available “old” technology and using the 
biological growth factors technology, will you use the 
biological growth factors technology?” and eighth “Do 
you believe that it can be used in Jordan?” questions 
were significantly lower as compared to the percentages 
of questions one and two (46% & 47% respectively with 
P < 0.05) (Table 4).   

In the BGF part of the questionnaire, the overall 
percentage of the positive answers for the nine questions 
answered by the orthopaedics surgeons (Surgeons n=24) 
(54%) was significantly greater (P < 0.01) than the 
overall percentage of the positive answers for the nine 
questions answered by the senior medical school students 
(MD students n=29) (32%). A similar trend was found in 
the MSCs part of the questionnaire, where the overall 
percentage of the positive answers orthopaedics surgeons 
was significantly greater as compared to senior medical 
school students’ answers. 

The overall additive percentages of positive “Yes” 
answers in the 2009 questionnaire were significantly 
higher as compared to all groups of participants in the 
year 2012. Furthermore, the overall additive percentages 
of the 2012 questionnaire filled by the orthopaedics 
surgeons group results showed significantly higher 
positive “Yes” answers percentages in its both parts 
(BGF & MSCs) (54% & 57%) as compared to the 2012 
questionnaire filled by the 4th year medical school 
students group results (32% & 31%) (Table 5). 
3.3. Jordanian Regulations Related to Biotechnology and 
Cell Based Therapy Products 

Drugs are regulated in Jordan by the Drug and 
Pharmacy Provisional Law No. (80) of the year 2001. In 
this law the term “drug” was defined as “any substance 
or group of substances used to diagnose the diseases 
affecting human being or cure the same, lessen the pain 
or protect human body from diseases, or a group of 
substances other than foodstuff which has certain effect 
on human body or any of its functions.”  

Moreover, section (B) of article (3) of this law states 
“It shall be prohibited to circulate any infant milk 
formula and its special formula, and supplementary food, 
medical plants, natural products, disinfectant and 
detergents, medical equipment and supplies, 
pharmaceutical preparations containing vitamins and 
minerals, cosmetic preparations and any other substances 
related to treatment or cure of human beings from 

disease, unless they are licensed according to the 
Minister’s Directions and Coordinating with the 
concerned official authorities”. 

Two committees were formed according to the Drug 
and Pharmacy Provisional Law No. (80) of the year 
2001. The first is The Higher Committee for Medicine & 
Pharmacy, with one of its responsibilities stated as 
“Controlling of any substances or preparations related to 
treatment of diseases, or any other substances the 
Minister may deem necessary to have them under 
control” according to bulletin (14) of Section (A) of 
Article (4).  The second committee is the Technical 
Committee for Registration of New Drugs, with one of its 
responsibilities stated as “Study the new developments 
related to drugs, and their precautions and side effects, 
and take any proper decisions in that regard” according 
to bulletin (3) of section (C) of Article (9).  
Table 3: 2012 Knowledge of biological growth factors use and 
benefits questionnaire results according to each health care 
institution. 

9 8 7 6 5 4 3 2 1 

Question 
# 

100 

100 

25 

50 

50 

0 

50 

100 

50 

K
ing 

H
ussain 

(n=4) 

%
 of Positive answ

ers of the know
ledge of the biological grow

th factors 

use and benefits in orthopaedics 

33 

33 

100 

33 

0 0 0 

33 

33 

Jordan 

 U
niv (n=3) 

60 

40 

60 

60 

40 

40 

60 

60 

100 

A
lB

asheer 
(n=5) 

100 

100 

33 

67 

33 

33 

33 

67 

67 

Prince 

H
am

za 

(n=3) 

100 

67 

67 

33 

33 

0 

33 

67 

100 

Salt 

H
ospital 

(n=3) 

83 

67 

33 

67 

50 

33 

83 

83 

83 

A
lIsraa 

H
ospoital 

(n=6) 

45 

31 

38 

38 

41 

17 

27 

24 

31 

4
th year 

 M
D

 students 

(n=29) 

79 ± 28
c 

68 ± 29 

53 ± 28 

52 ± 16 

34 ± 19
b 

18 ± 20
a 

43 ± 28
 

68 ± 23 

72 ± 27 

Surgeons 
(n=24) 

M
ean ± SD

 
 

74 ± 28*** 
63 ± 30 

51 ± 27 

50 ± 15 

35 ± 17 ** 

18 ± 18 * 

41 ± 27 

62 ± 27 

66 ± 29 

Total 
(n=53) 

M
ean ± SD

 
 

[a , *] : P< 0.02 versus questions (1,2,6,7,8,9) ; [b] : P < 0.03 
versus questions (1,2,8, 9) ; [**] : P < 0.05 versus questions 
(1,2,8) , [c , ***] : P < 0.02 vs questions (3,5) 
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Table 4 : 2012 knowledge of MSC use and benefits 
questionnaire results according to each health care institution 

9 8 7 6 5 4 3 2 1 

Question 
# 

75 
50 
0 

50 
50 
0 

50 
50 
50 

K
ing 

H
ussain (n=4) 

%
 of Positive answ

ers of the know
ledge of m

esenchym
al stem

 cells 
use and benefits in orthopaedics 

33 
33 

100 
33 
33 
33 
33 
67 
67 

Jordan 
U

niv (n=3) 

60 
20 
60 
60 
40 
20 
60 
80 
80 

A
lB

asheer 
(n=5) 

67 
67 

100 
33 

100 
33 
67 

100 
100 

Prince 
H

am
za (n=3) 

67 
100 
100 
67 
33 
0 
67 

100 
100 

Salt 
H

ospital (n=3) 

67 
33 
50 
50 
50 
16 
50 
83 
83 

A
lIsraa 

H
ospoital (n=6) 

45 
24 
48 
28 
31 
17 
31 
31 
28 

4
th year 

M
D

 students (n=29) 

62 ± 15 
51 ± 29

d 
68 ± 40 
49 ± 14

c 
51 ± 25

b 
17 ± 15

a 
55 ± 13 
80 ± 19 
80 ± 19 

M
ean ± SD

 
Surgeons (n=24) 

59 ± 15 
47 ± 29 *** 

65 ± 38 
46 ± 15

 ** 
48 ± 24 
17 ± 14

* 
51 ± 15 
73 ± 26 
72 ± 26 

M
ean ± SD

 
Total (n=53) 

[a ,*]: P< 0.03 versus all questions ; [b , c , d , **] : P < 0.04 
versus questions (1,2) ; [***] : P < 0.05 versus questions (1,2) 

Table 5: The overall additive percentages of the positive 
answers among all groups of participants in all time points 
selected: 

Group # Group Name 

# of 

 
Participants 
(n) 

Over all 
additive % 

 of  Positive 
answers (Mean 
± SD) 

1 

2009 Orthopaedics 
Surgeons Biological 
growth factors 
Questionnaire Results 

19 74 ± 16a 

2 

2009 Orthopaedics 
Surgeons 
Mesenchymal Stem 
Cells Questionnaire 
Results 

19 69 ± 15b 

3 

2012 Orthopaedics 
Surgeons Biological 
growth factors 
Questionnaire Results 

24 54 ± 20c 

4 

2012 Orthopaedics 
Surgeons 
Mesenchymal Stem 
Cells Questionnaire 
Results 

24 57 ± 20d 

5 

2012 Medical School 
Students Biological 
growth factors 
Questionnaire Results 

29 32 ± 9 

6 

2012 Medical School 
Students Mesenchymal 
Stem Cells 
Questionnaire Results 

29 31 ± 10 

7 

2012 Total Number of 
Participants Biological 
growth factors 
Questionnaire Results 

53 51 ± 18 

8 

2012 Total Number of 
Participants 
Mesenchymal Stem 
Cells Questionnaire 
Results 

53 53 ± 17 

[a] : P < 0.03 versus groups (4, 5, 6, 7, & 8); [b] : P < 0.05 
versus groups (5, 6, 7, & 8); [c & d]: P< 0.005 versus groups (5 
& 6) 

4. Discussion 

Using a simple questionnaire, this study assessed the 
knowledge of biological growth factors and 
mesenchymal stem cells use and benefits in orthopaedics 
among a sample of Jordanian orthopaedics surgeons and 
4th year senior medical school students. The assessment 
aimed to test the hypothesis that Jordanian orthopaedics 
surgeons and the senior medical school students in Jordan 
are aware of the benefits, cost, applicability, and the 
advantages over the classical treatment modalities of 
using biotechnology and cell based therapy in 
orthopaedics applications and treatments.  

When assessing the knowledge of biological growth 
factors (BGF) use and benefits among orthopaedics 
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surgeons, the questionnaire results showed that the 
percentages of the positive “Yes” answers to knowing the 
use and benefits of this technology (first & second 
questions) were notably high among participants in the 
year 2009 (90% & 81%) and moderate among participant 
in the year 2012 (72% & 68%) (Tables 1 & 3). The 
differences in percentages between the two time points 
might be attributed to the differences in sample size of 
participants, which was bigger in the 2012 time point, or 
due to the fact that participants were from different health 
care institutions at each time point. Still, the elevated 
positive percentage of knowledge indicates high level of 
education and interest in BGF and its applications among 
Jordanian orthopaedics surgeons.  

In contrast, the BGF questionnaire part results showed 
that the percentages of the positive “Yes” answers to the 
forth question “Do you think that it will reduce the 
treatment cost?” were significantly lower compared to 
the other questions in the year 2009 (33% with P<0.03), 
and significantly lower compared to questions (1, 2, 6, 7, 
8, & 9) in the year 2012 (18% with P<0.02). These 
findings reflect a negative view of inefficiency in cost 
reduction of using this treatment modality in 
orthopaedics applications in Jordan among the 
participants.  

The negative view of inefficiency in cost reduction 
might be attributed to the lack of an exact estimate of the 
cost of these new technologies, especially that these 
technologies and their components are not frequently 
employed in Jordan’s health care system providers and 
suppliers are considered emerging technology yet to be 
characterized and evaluated.   

In the 2012 questionnaire, the BGF questionnaire part 
results of the orthopaedics surgeons group (n=24) 
showed lower percentages of positive “Yes” answers to 
the fifth question “Do you think that it will reduce 
hospitalization time?” as compared to the first, second, 
eighth, and ninth questions (%34 with P<0.03) (Table 3). 
This is consistent with the view of inefficiency among 
orthopaedics surgeons participated in the questionnaire, 
which was seen in the results of question four. 
Interestingly, the data showed that despite the negative 
view of inefficiency of the cost and hospitalization time 
reductions, the orthopaedics surgeons agreed on using 
this technology to accelerate the healing process on 
themselves in case they got injured (79%) (Table 3). This 
interesting finding might suggest that the participants are 
in favor of using this new technology on themselves but 
not on others, especially that the percentages of positive 
answers of question three “Do you recommend using it?” 
were low and comparable to the results of question four 
and five (Table 3). 

When assessing the knowledge of mesenchymal stem 
cells (MSCs) use and benefits among orthopaedics 
surgeons, the questionnaire results obtained in the year 
2009 showed no statistical significance among the 
percentages of positive “Yes” answers among the nine 
questions, reflecting no specific point of views adopted 
among the orthopaedics surgeons group (n=19) that 
participated about the use and benefits of this modality in 
orthopaedics in Jordan at that time point (Table 2). 

On the other hand, when investigating the 2012 
questionnaire results of the MSCs part filled by the 
orthopaedics surgeons group (n=24), the questionnaire 
results showed that the percentages of the positive “Yes” 
answers to knowing the use and benefits of this 
technology (First & Second questions) were significantly 
higher than the answers to questions (4, 5, 6, & 8) (80% 
with P< 0.04) (Table 4). Furthermore, questions one and 
two results were comparable to the results obtained in the 
year 2009 (Table 2) and relatively higher than the results 
reported in the BGF part in the year 2012 (Table 3). The 
high positive percentage of knowledge indicates high 
level of education and interest in mesenchymal stem cells 
and its applications among Jordanian orthopaedics 
surgeons, and it can be noticed in a higher extent when 
compared to the biological growth factors. 

When investigating the 2012 questionnaire results for 
both BGF and MSCs filled by the 4th year medical school 
students group (n=29), the percentages of positive “Yes” 
answers were significantly lower as compared to the 
orthopaedics surgeons group in the year 2012 (n=24), 
except for question four where both percentages were 
low and comparable (Tables 3 & 4). A similar argument 
can be made when comparing the overall additive 
percentages of the positive “Yes” answers among the 
participated groups, where the 2012 orthopaedics 
surgeons group overall percentages were significantly 
higher compared to the medical school students 
percentages in both parts of the questionnaire (BGF & 
MSCs) (P< 0.005) Table (5).  

These findings might raise concerns of the 
educational curricula presented to medical students which 
might be lacking the necessary material that explains new 
modalities and technologies and practices in medicine. It 
is considered vital to expose medical students to new 
modalities and technologies while they are attending their 
basic biomedical courses and before they start their 
clinical education, in order to avoid the elevated 
uncertainty and ignorance levels that were notably 
present in the medical students “I don’t know” answers to 
the questions (Figure 3) as compared to the results 
obtained from the orthopaedics surgeons answers 
(Figures 1 & 2). 
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Figure 1: 2009 Questionnaire results obtained from 
orthopaedics surgeons. (A) Knowledge of biological growth 
factors use and benefits questionnaire results, (B) Knowledge of 
mesenchymal stem cells use and benefits questionnaire results. 
Values are Presented as percentages of the total sample obtained 
(n= 19). 

 

Figure 2: 2012 Questionnaire results obtained from 
orthopaedics surgeons. (A) Knowledge of biological growth 
factors use and benefits questionnaire results, (B) Knowledge of 
mesenchymal stem cells use and benefits questionnaire results. 

Values are presented as percentages of the total sample obtained 
(n= 24). 

 

Figure 3: 2012 Questionnaire results obtained from 4th year 
medical school students. (A) Knowledge of biological growth 
factors use and benefits questionnaire results, (B) Knowledge of 
mesenchymal stem cells use and benefits questionnaire results. 
Values are presented as percentages of the total sample obtained 
(n= 29). 

As of 2005, the value of the collective cell therapy 
market was estimated to be $26.6 billion. For 2010 and 
2015 projections predicted the number to be $56.2 billion 
and $96.3 billion respectively (Cell Therapy-
Technologies, Markets, and Companies). Considering the 
vast amount of resources invested in this market, it is 
clear from the questionnaire results obtained from this 
report, that accepting these technologies in Jordan 
requires clarifications to Jordan’s healthcare providers of 
the financial efficiency of using biotechnology and cell 
based therapy products in orthopaedics treatments and 
applications. Furthermore, enhancements in Jordan’s 
medical educational system are required to integrate 
biotechnology and cell based therapy sciences in Jordan’s 
medical schools curriculum to improve the knowledge of 
these new technologies among medical school students 
and to build confidence in the efficacy and efficiency of 
using these therapy modalities in their future practices. 

A vital aspect of accepting, acquiring, and using new 
biotechnologies and cell based therapy is having a clear 
unambiguous legal framework that governs 
manufacturing, importing, processing, and use of these 
new therapeutic products.  The lack of such framework 
will prevent healthcare suppliers from manufacturing or 
importing the components of these new technologies, 
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preventing the healthcare providers from exposing 
themselves and their patients to these technologies to be 
able to evaluate its efficiency in reducing treatment cost 
and time.  

In Jordan, the registration procedure for growth 
factors, cytokines, and their carriers is clear since it is 
well described in the “Jordanian Criteria of Registration 
of Drugs”. On the other hand and to the best of our 
knowledge, there are no explicit regulations or rules that 
govern the manufacturing, circulation, inspection, or 
registration of biotechnology or cell based therapy 
products in Jordan. 

In the term “Drug” definition, at the Drug and 
Pharmacy Provisional Law No. (80) of the year 2001, 
Some can argue that the last part of the definition, i.e. “or 
a group of substances other than foodstuff which has 
certain effect on human body or any of its functions.”, 
might implicitly included biotechnology and cell based 
therapy in it. The argument will be mistaken because 
engineered-living cells are not considered “substances”. 
Moreover, in section (B) of article (3) of the same law, 
the statement “and any other substances related to 
treatment or cure of human beings from disease” does not 
include engineered tissue and/or cell based therapy 
products, because again tissues and cells are not 
substances. 

Despite the lack of proper definition that include 
engineered tissue and cell based therapy, the Drug and 
Pharmacy Provisional Law formed a committee with the 
name “The Higher Committee for Medicine & 
Pharmacy”, which according to its responsibility listed in 
bulletin (14) of Section (A) of Article (4), one might 
consider engineered tissue and cell based therapy 
products under “preparation related to treatment of 
disease”, however, it is more appropriate to have an 
explicit bulletin that aims to control tissue engineering 
and cell based therapy products. 

The Drug and Pharmacy Provisional Law formed a 
committee called “The Technical Committee for 
Registration of New Drugs”, which according to its 
responsibility listed in bulletin (3) of Section (C) of 
Article (9), this committee can study engineered tissue 
and cell based therapy products as “new developments 
related to drugs”, however, the term “drug” need to 
include engineered tissue and cell based therapy products 
in its definition.  

The Jordanian regulations need to be modified with 
explicit laws that regulate manufacturing, importing, and 
use of biotechnology and cell based therapy products to 
reduce bureaucratic committees’ procedures, and to cope 
with the international standards and with the advances 
made in molecular medicine and molecular biology. 
These legal modifications will encourage healthcare 
suppliers and providers in Jordan to explore and evaluate 
new technologies in medicine that might reduce 
treatment cost and hospitalization time in Jordan, which 
will also lead to increasing the relatively low level of 
awareness of the use, benefits, and applications of 
biotechnology and cell based therapy products in 
orthopaedics in Jordan (Table 5). 

The sample of orthopaedic surgeons who participated 
in questionnaire has not been classified according to 

specialty or experience in order to get a general 
assessment of the sample participating in the 
questionnaire, however, a classification of the 
participants specialty or experience is required in future 
studies to get a comprehensive and precise assessment. 
Moreover, the sample of fourth year medical school 
students is not a representative sample of all medical 
school students in Jordan; still it was selected to acquire a 
general assessment for later investigations among 
medical school and related field’s students. The fourth 
year medical school students were selected to participate 
in the questionnaire due to the fact that they have just 
finished their basic biomedical course work and are just 
about to start their clinical education. 

To the best of our knowledge this is the first study 
investigating the knowledge of growth factors and MSC 
use and benefits among a sample of Jordanian 
orthopaedics surgeons and senior medical school 
students. The investigation team realizes that the 
participating sample is far from being a representative 
sample, however, the scientific value lies in having a 
general assessment as a base line that will trigger further 
investigations aiming to enhance the educational 
practices in medical schools as well as the clinical 
practices in Jordan’s health care centers and institutions.   
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