SCIEN

FFSTON

COMSATS Secretariat: 4th Floor, Shahrah-e- Jamhuriat,

Sector G-5/2, Islamabad, Pakistan.

Tel : (+92-51) 921 4515-7 Fax: (+92-51) 921 6539

Email: inffo@sciencevision.org. pk, Website: www.sciencevision.org. pk



SCIENCE VISION

An International Bi-annual Journal of the Commission on Science and Technology for Sustainable Development in the South (COMSATS)

Patron and Editor-in-Chief
Dr. Imtinan Elahi Qureshi, Executive Director COMSATS

Editors

Mr. Irfan Hayee (Managing Editor), Ms. Farhana Saleem (Editor)

Editorial Board Members

Prof. Allam Ahmed

Dr. Gary Straquadine

President - World Association for Sustainable Development (WASD), UK The Ohio State University, USA

Prof. M. Aslam Khan
COMSATS Institute of Information Technology (CIIT), Pakistan

Dr. Amitava Biswas
CISCO, USA

Editorial Advisory Committee

Prof. Dr. Ahmad Ismail Mustafa

Chairman

Bangladesh Council of Scientific and Industrial Research (BCSIR),
Bangladesh.

Dr. Gustavo Ribeiro Xavier
Director
Embrapa Agrobiologia, Brazil.

Prof. Lin Zhaohui

Director

International Centre for Climate and Environment
Sciences (ICCES), China.

Dr. Eduardo Posada Florez
Executive Director
International Centre for Physics (CIF), Colombia.

Prof. Dr. Ashraf Shaalan
President
National Research Centre (NRC), Egypt.

Prof. Dr. Victor Agyeman
Director General
Council for Scientific and Industrial Research (CSIR), Ghana.

Dr. Ahmad Akbari

President

Iranian Research Organization for Science and Technology
(IROST), Iran.

Mr. Charles N. Grant

Director General

International Centre for Environmental and Nuclear
Sciences (ICENS), Jamaica.

HRH Princess Sumaya bint El Hassan
President
Royal Scientific Society (RSS), Jordan.

Prof. Adewale Roland Tunde Solarin
Director/Chief Executive
National Mathematical Centre (NMC), Nigeria.

Disclaimer: The views expressed in the journal are those of the authors and not necessarily of the editorial board or the publisher. The material published
in the journal is covered by International Copyright Law. Permission for reproduction is necessary. For quotation and references, the name of

Prof. Dr. M. Igbal Choudhary

Director

International Center for Chemical and Biological
Sciences (ICCBS), Pakistan.

Dr. S.M. Junaid Zaidi
Rector
COMSATS Institute of Information Technology (CIIT), Pakistan.

Prof. Saliou Ndiaye
Rector/President of the Assembly of the
University Cheikh Anta Diop (UCAD), Senegal.

Dr. G. A. S. Premakumara
Director/CEO
Industrial Technology Institute (ITI), Sri Lanka.

Dr. Widad Hassan Abdel Halim Hassan
Director General
Industrial Research and Consultancy Centre (IRCC), Sudan.

Dr. Maher Soleiman

Director

Higher Institute for Applied Science and Technology (HIAST),
Syria.

Prof. M.M.A. Mtambo

Director General

Tanzania Industrial Research and Development
Organization (TIRDO), Tanzania.

Prof. Mohamed Ben Youssef

Director General

Water Research and Technologies Centre of Borj-Cedria (CERTE),
Tunisia.

Dr. Bahadir Tunaboylu
President
TUBITAK Marmara Research Center (MAM), Turkey.

Dr. Hameed A. Khan
Former Executive Director
COMSATS Secretariat, Pakistan.

the journal with the issue number and publication date must be mentioned.

Subscription
Annual
Single Copy

Pakistan Other Countries
=Rs. 1,000.00 US$ 50.00
=Rs. 500.00 US$ 25.00

Published by Mr. Tajammul Hussain, Advisor (Programmes), COMSATS Secretariat, Islamabad, Pakistan.




SCIENCE

VISION

BI-ANNUAL

Vol. 20, No. 2
ISSN 1027-961X (July to December 2014)

A Journal of Science for Development

June 2015

Commission on Science and Technology for
Sustainable Development in the South






EDITORIAL

Science Vision has a lofty objective; it endeavors to position Science as a primal activity for socio-economic
developmentin the South. The resources at hand for this venture are available but not fully capitalized. Consequently,
the journal has been struggling to remain in step with publication schedule. Likewise, the content continues to be a
mixture of purely scientific articles and those capturing the spirit and relevance of different scientific fields of study to
the needs of the modern society. The focus of the journal is closer to the latter but, unfortunately, not enough
contributions are received in that category. The continuing publication activity of the journal is in a way a success in
itself, and reflects the desire of our stakeholders in COMSATS’ Member States. Much more can be achieved
considering that COMSATS is one of the few organizations that have a group of R&D organizations spread across four
continents affiliated with it as a Network of Centres of Excellence (CoEs). There are thousands of scientific workers
and experienced science managers attached to this Network, while the Heads of these organizations are the
members of the Advisory Board of the journal. Itis obvious that the intellectual resources of the scientific community in
COMSATS’ CoEs are far more than what is reflected on the pages of Science Vision. To improve this situation is our
collective responsibility. Science Vision is a platform for those who wish to express their views on multifarious aspects
of the role of science in society. The journal welcomes articles that expound scientific findings and put these in context
with respect to welfare of common man. That involves an exploration of the multifarious issues pertaining to science in
education, public policy, economics and ethics. The socio-economic fabric of a society depends on deliberations of
these matters, and the resulting determination to harness the potential of its human capital. The best people to indulge
in this exercise are clearly the members of scientific community. It is indeed a responsibility that intellectuals in the
developing world caniill afford to shun.

The present Volume 20(2) is the second issue brought out during International Year of Crystallography (2014) and
attempts to incorporate important themes highlighting crystallographic studies. The volume features four papers on
the subject, one of expository nature by scientists at the University of Hawaii at Manoa, and the rest are related to
research with implications for environment and energy. Other papers included in this edition relate to health,
agriculture, aerodynamics and environment. These include a paper on leprosy control in Pakistan by Dr. Rabia
Hussain, TWAS Vice Chairperson for South Asia and Central Asia.

We thank the learned authors for their valuable contributions. It is hoped that their erudite inputs will be considered
useful for providing concise information on relevant topics and would serve as impetus for aspiring scientists. It is also
hoped that more scientists would find time and will to contribute to the knowledge-sharing efforts being made through
Science Vision. Also, thankfully acknowledged are the efforts of those who have contributed to this issue in other
ways. These include the reviewers who have most diligently refereed the articles submitted for publication in Science
Vision, helping the journal maintain its standard. Others have helped harness intellectual resources by advocating the
journal’s cause. While urging COMSATS’ Centres of Excellence for more intellectual inputs in the form of original
papers and re-prints, | would like to thank CIIT, Pakistan; Bangladesh Council of Scientific and Industrial Research
(BCSIR), Bangladesh; National Research Centre (NRC), Egypt; and TUBITAK Marmara Research Center (MAM),
Turkey, for the articles submitted. At the end, the efforts of the small team of editors working on Science Vision are
thankfully appreciated.

Dr. I. E. Qureshi
Executive Director COMSATS
Patron & Editor-in-Chief, Science Vision
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LEPROSY CONTROL IN PAKISTAN: FIFTY FIVE
YEARS OF COMMITMENT AND DEDICATION

ABSTRACT

Leprosy Control in Pakistan was achieved in 1996,
four years ahead of the target set by the World Health
Organization (WHO). That it was achieved in a country
with minimal health resources is nothing short of a
miracle. The credit goes entirely to the commitment,
vision and leadership of one individual, Dr. Ruth Pfau,
who devoted her entire life to this marginalized group
of society. The main points highlighted in this review
are the clinical signs and symptoms of the disease that
have led to the social stigma; motivation and training of
both the health providers and patients for compliance
with treatment; development of a nationwide network
in partnership with the Government of Pakistan;
scientific research that have contributed to treatment
and rehabilitation of the patients within the society;
and lessons learnt for challenges ahead towards the
goal of elimination and eradication of leprosy in the
coming decades.

Keywords: leprosy, diagnosis, treatment, control
1. INTRODUCTION

The seeds of Leprosy Programme in Pakistan were
planted in 1956 when a group of determined nuns
started treatment of leprosy patients in a leper colony
in Karachi, Pakistan, and the harvest was gathered in
1996 by bringing leprosy under control in Pakistan.
'‘Lepers' as the leprosy patients were called in biblical
times, whom no one wished to treat, carried a huge
social stigma, and were largely ostracized from society
(Gussow, 1989). Dr. Ruth Pfau, a German physician
and nun, who stopped in Karachi in transit to India,
was affected by the plight of this radicalized group, and
decided to stay in Pakistan and has been here for the
last 55 years. In 1963 this project was moved to a
hospital in the heart of Karachi despite vehement
opposition from both the medical community and the
civil society. This hospital became the nerve center of
this Programme and was named Marie Adelaide
Leprosy Center (MALC). In 1965, the first Leprosy
Technicians course was started. In 1968 the first
proposal for a National Leprosy Control Programme
was submitted to the Government of Pakistan. The
plan to achieve Leprosy Control in Pakistan by 2,000
was conceived in 1983, and launched from this Center
in 1984. The target was achieved in 1996, four years
ahead of goal set by WHO, to become the first country
to achieve this target in the WHO Eastern
Mediterranean Region. According to WHO, control is

Rabia Hussain*,
Ali Murtaza and
Mutaher Zia

achieved when the number of active cases is less than
one per million population, as this threshold level no
longer constitutes a public health threat. Pakistan
reported an incidence of 0.7 per million population, in
1996.

However, control is not elimination or eradication of a
disease which requires every last patient to be treated
and rehabilitated, and this challenge has yet to be met.
This challenge is monumental because the leprosy-
causing bacteria can survive for long periods (more
than 30 years) in a human body in a dormant state
(Fine, 1982) and can activate if the host's immune
system is compromised, thereby starting a new focus
of disease if the case remains undiagnosed.
Therefore, continued vigilance and training will be
required for several decades to come. To keep this
programme viable there is a need for diversification of
the program within the communities using the basic
skills and trained manpower already available or
minimal re-training is required, keeping in mind the
primary objective of moving towards leprosy
elimination and eradication. Dr. Pfau has been
recognized both nationally and internationally for her
remarkable ability to gain trust and confidence at all
levels of the community, and furthermore for
effectively working in partnership with the Government
of Pakistan, in the battle against the disease. We will
discuss some of these challenges and strategies
adopted to achieve the final goal and beyond in this
review.

2. HISTORY OF LEPROSY

The earliest accurate description of leprosy was
recorded in India as early as 600 BC. Chinese records
of leprosy date a bit later (Wong, 1930). These
descriptions probably encompass a variety of skin
conditions. The description in Bible also does not
conform to the clinical features of leprosy. It seems
likely that leprosy reached the Mediterranean
countries with the soldiers of Alexander the Great
returning from India in 327 BC, and spreading the
disease to the Greek and Roman empires. The first
known leprosy hospitals were established by
Christians in Rome in the 4" century AD. The disease
reached epidemic proportions in Western Europe in
the 12"-13" century and then slowly declined.
Because of the slow evolution of the disease it was
poorly documented, compared to the acute diseases,
such as plague and typhus. Leprosy reached its peak
in Norway in the 19" century and it was here that the

* Dr. Rabia Hussain, TWAS Vice Chairperson for South Asia and Central Asia, TWAS Regional Office for Central and South Asia
(TWAS-ROCASA), Jawahar Lal Nehru Centre for Advanced Scientific Research, Bangalore, India. Email: professorrabiahussain@gmail.com

A scientific journal of COMSATS - SCIENCE VISION  Vol.20 No.2 (July to December 2014) 1



Leprosy Control in Pakistan: Fifty Five Years of Commitment and Dedication

Figure-1: Electron Microscopic Image of M. leprae (http://www.kcom.edu).
Note: M. leprae is a typical rod shaped bacilli which usually appears as clumps under microscope

first modern description of the disease was recorded
by Danielssen and Boeck (1848). Armauer Hansen
identified the bacteria (Hansen, 1880), which enabled
reliable epidemiological research (Irgens, . M., and tor
bjerkedal, 1973). Leprosy has been eradicated in
Europe with the exception of Iceland. At present,
leprosy is present in Asia, Africa, Central and South
America (Rao, P., 2014).

3. CLINICALLEPROSY

Leprosy also known as Hansen'’s disease is defined as
a chronic granulomatous disease, caused by a
bacillus called Mycobacterium leprae (M. leprae).
Under an electron microscope, M. leprae is a rod
shaped bacilli (Figure-1). M. leprae preferentially
grows in colder parts of the body, such as the
extremities and primarily affects the skin and the
peripheral nerves. Itis the only known bacilliwhich has
a predilection for peripheral nerves.

3.1. Clinical Presentations of Leprosy

Most pathogens of man double in minutes, while M.
leprae has a doubling time of 12 days (Truman,
Krahenbuhl, and Viable, 2001). This results in
prolonged incubation period and a very slow evolution
of disease. Because M. leprae is a slow growing
organism, symptoms of leprosy are generally so slight
that the disease is not recognized until a cutaneous

eruption is present. Ninety percent of the patients
experience numbness first, sometimes years before
the skin lesions appear. Temperature is the first
sensation that is lost. Patients cannot sense extremes
of hot or cold. The next sensation lost is light touch,
then pain, and finally deep pressure. These losses are
especially apparent in the hands and feet. The earliest
sign of leprosy occurs as a skin lesion and a hypo-
pigmented macule is often the first cutaneous lesion.
From this stage, most lesions evolve into one of the
leprosy types (localized or disseminated) depending
on the appropriate activation of the immune system.
The various clinical presentations of leprosy are
shown in Figure-2 and 3. Ridley and Jopling have
classified leprosy into six different categories based on
the clinical and histo-pathological findings (Ridley, and
Jopling, 1962) that are largely used by researchers
and are as follows:

3.1.1 Indeterminate Leprosy (IL)

This is the earliest and mildest form of the disease.
Few numbers of hypo-pigmented macules (small, flat
cutaneous lesions) may occur. Loss of sensation is
rare. Most cases progress into a later form, although
patients with strong cell-mediated immunity may clear
the infection on their own or persist in this form without
progressing.

2 A scientific journal of COMSATS — SCIENCE VISION  Vol.20 No.2 (July to December 2014)



3.1.2 Tuberculoid Leprosy (TT)

This form usually presents with skin lesions (hypo-
pigmented and erythematous macules) which are
anesthetic. A skin lesion of tuberculoid leprosy is
usually single, but there may be two to five. It can be a
flat macule or a raised plague, anywhere on the skin
except the warmer areas like the scalp, axillae or
groin. Macules or patches are hypo-pigmented in dark
skin and erythematous in light skin, well demarcated
with a dry, hairless and insensitive surface. Plaques
are erythematous, with a dry and sometimes scaly
surface. The edges are raised, well-defined and there
is often a central flattening. Hair growth is absent or
deficient over the lesion and touch, temperature, pain
sensation is impaired.

M. leprae is the only bacilli, which preferentially grows
in peripheral nerves (Figure-2). A thickened nerve is
usually palpable near the lesion, e.g. an ulnar nerve if
the lesion is near the elbow. Infected nerves often
thicken and loose function. Progression can occur
which can lead to borderline-type leprosy and, in rare
instances when the patient goes untreated for years,
more severe form of the disease can develop
(described in the following sections). Bacilli are mostly
absentin the skin.

3.1.3 Borderline Tuberculoid (BT)

In this type of leprosy, the immunity is unstable, and in
most countries where leprosy cases are found,
including Pakistan, this is the most common type seen
among patients.

A. Hypopigmented patch in skin

Rabia Hussain, Ali Murtaza and Mutaher Zia

Skin lesions in the Borderline Tuberculoid (BT) type
are less numerous, less shiny and smooth with more
well-defined edges than those found in Borderline
Lepromatous (BL) type. Impairment of hair growth and
sensory loss inside lesions are more marked in BT
thanin BL. Bacilliare absent or scanty in BT.

3.1.4 Borderline Borderline Leprosy (BB)

In this form cutaneous lesions are also present but
they are numerous and less well-defined than those in
the tuberculoid form. Anesthesia is less severe than
TT. In this form, the disease may regress, improve or
stay the same.

3.1.5 Borderline Lepromatous Leprosy (BL)

As with Borderline Borderline Leprosy (BB), lesions
(macule type) are numerous. However, in borderline
lepromatous leprosy (BL) they may also consist of
papules, plaques, and nodules. Punched-out-
appearing lesions that look like inverted saucers are
common. As with BB leprosy, the disease may remain
in this stage, improve, or regress.

3.1.6 Lepromatous Leprosy(LL)

Typical features of a patient with Lepromatous
Leprosy are shown in Figure-3. Early on, cutaneous
lesions are small, diffuse and symmetric (consisting
mainly of pale macules). Later, larger and deeper
lesions form and these contain many bacilli. At this
point, the skin texture does not change, and little or no
loss of sensation occurs. The nerves are not
thickened. Loss of eyebrows occurs, which then
spreads to the eyelashes and then the trunk; however,

B. Nerve involvement

Figure-2: Clinical Presentations of Leprosy. M. leprae has a Predilection for Skin and Peripheral
Nerves. (A) Early Hypo-Pigmented Skin Lesion. (B) Swollen Peripheral Nerve

A scientific journal of COMSATS - SCIENCE VISION  Vol.20 No.2 (July to December 2014) 3
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ear lobe
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THE ‘LION
FACE’ OF
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LEPROSY

Figure-3: Clinical Presentation of a Patient with Lepromatous Disease.
Note: The typical features are swollen or collapsed nose and a schematic of typical leonine features present in lepromatous patient

scalp hair remain. Nasal infiltration can cause a
saddle-nose deformity (Figure-3). Swelling (edema) of
the legs is sometimes a late finding. Unlike other types
of leprosy, LL cannot convert back to the less severe
borderline or tuberculoid types of disease. LL patients
are also the largest reservoir of the bacilli and pose the
biggest challenge to Leprosy Control Programmes as
they need effective treatment to stop further
transmission, as well as rehabilitation within the
community.

3.1.7 Complications of Leprosy

The development of cell mediated immunity in the
initial stages is crucial to containment of disease.
However, exaggerated immune response after the
onset of disease can lead to complications or
reactions. Some of the complications associated with
leprosy are shown in Figure-4. Deformities due to
trauma are a consequence of loss of sensation in the
nerves and loss of digits may occur as a consequence
(Figure-4A). Trauma also leads to secondary
infections and subsequent ulceration (Figure-4B)
which leads to further deformities. Eye complications
are also commonly seen in leprosy (Figure-4C). The
presence of M. leprae in the ocular tissues may lead to
acute inflammation “red eye” during reactions.
Ophthalmic branch of the trigeminal nerve is damaged
resulting in anesthesia of the cornea and conjunctiva.
Trauma is no longer felt and ulceration of the cornea
develops. The occurrence of these reactions during
treatment is one of the limiting factors in compliance to
treatment as patients become apprehensive that the
treatmentis not effective and poses a major hindrance
to control programs.

3.2 Diagnosis of Leprosy

The cardinal signs of leprosy, such as loss of
sensation, skin lesion with absence of sweat and hair
still remain the key diagnostic criteria. However,
presence of M. leprae in scrapings from the dermis in
skin is essential for determining the course of
treatment as well as response to treatment. Ziehl —
Neelsen staining shows acid fast bacilli which appear
as red rods (Figure-5) inside the monocytic cells.
Ziehl — Neelsen can also differentiate live from dead
bacteria that usually appear as broken rods (Figure-5).
The density of bacteria in the skin is known as
Bacterial Index (BI). This is based on the number of
bacilli seen in an average microscopic field. The
simplest system of recording the Bl is: many bacteria
(+++), moderate numbers (++), few (+) and no bacilli
(-) (Ridley, 1964). In case of localized disease (IL, TT,
BT) there may be no detectable bacteria to a few in the
skin (pauci-bacillary), but as the disease progresses
(BB, BL, LL) the number of bacilli increases (multi-
bacillary). The WHO treatment regimen is
recommended on the basis of pauci- or multi-bacillary
leprosy.

3.3 Mode of Transmission of Leprosy

Human being is the only known reservoir of leprosy
infection, except for the fact that naturally occurring
disease with organisms indistinguishable from M.
leprae has also been detected among wild armadillos,
in parts of the Southern United States (Walsh, Wayne,
and Chapman, 1986).
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A. Damaged Hands

Rabia Hussain, Ali Murtaza and Mutaher Zia

B. Ulcerated foot

Figure-4: Complications Associated with Leprosy.

Note: Deformities as a result of loss of sensation leading to repeated trauma. Trauma also leads to secondary infections and subsequent
ulceration which leads to further deformities. Eye complications in leprosy. |) Acute iridocyclitis. The presence of M. leprae in the ocular
tissues may lead to acute inflammation “red eye” during type 2 reactions. ii) Damage to the ophthalmic branch of the trigeminal nerve.

Trauma is no longer felt due to anesthesia of the cornea and conjunctiva leading to ulceration of the cornea

The exact mechanism of transmission of leprosy is not
known. At least until recently, the most widely held
belief was that the disease was transmitted by contact
between cases of leprosy and healthy persons
through skin contact. More recently the possibility of
transmission by the respiratory route is gaining
ground. What is clear is that a majority of individual
remain disease-free even after prolonged contact
indicating a robust immune system against this
organism.

3.4 Factors Determining Clinical Expression after
Infection

3.4.1 Susceptibility

About 90% of the population is not susceptible to the
infection. Children are more susceptible than adults.
Immunologic and epidemiologic studies suggest that
only 10-20% of those exposed to M. leprae will
develop signs of indeterminate disease; only 50% of
those with indeterminate disease will develop full-
blown clinical leprosy. Spontaneous healing also has
been reported in tuberculoid leprosy. An earlier study
in India had shown that over a period of 20 years, the
extent of spontaneous regression among children with
localized leprosy was about 90% (Noordeen, 1998). A
later study in South India involving long-term follow-up
of a high endemic population showed that among

newly detected cases, the rate of inactivation was
10.9% per year, the bulk of inactivation in the study
being spontaneous (Noordeen, 1975). Therefore,
genetic susceptibility may play an important role in
disease onset after exposure.

3.4.2 Hostimmunity

Leprosy was the first disease to show a distinct clinical
spectrum which directly relates to the activation of the
host's immune system (Myrvang, et al., 1974 ). As the
disease progresses, M. leprae-specific cell mediated
immunity diminishes and M. leprae-specific antibodies
increase with a direct correlation of bacterial load with
antibodies (Hussain, et al., 1990), indicating that
antibodies play very little or no role in resistance
against the disease while a robust cell mediated
immunity is key to protection against the disease. If the
individual has good cell mediated immunity,
organisms are contained and TT disease occurs. In
subjects with moderate immunity, a battle occurs and
results in borderline types of leprosy. In persons with
poor immunity, LL occurs. Interestingly, Bacillus
Calmette-Guiren (BCG) is more protective against
leprosy than tuberculosis, for which BCG vaccine was
produced (Ponnighaus, etal. 1992).
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Figure-5: Hematoxilin & Eosin (H&E) and Zeihl-Neilsen Staining of Skin Smears from the Skin of a
Lepromatous Leprosy Patient. M. Leprae Appear Under the Light Microscope as Clumps of Red Rods
Inside the Monocytes which are Stained Blue. Broken Rods Indicate Dead M. Leprae

3.5 Incubation Period

The incubation period for leprosy is variable and
difficult to define. The onset of leprosy is usually
insidious in nature. TT usually develops over 3 or more
years post exposure, and LL over 8 or more years.
Incubation periods of as long as 30 years have been
reported among war veterans, who were in areas of
endemic infection during military service but otherwise
resided in non-endemic areas (Fine, 1982). On the
other hand, incubation periods as short as just a few
weeks have been observed in the occurrence of
leprosy among young infants, where cell-mediated
immunity is not fully developed.

3.6 Treatment

For treatment purposes in control programmes, WHO
recommends the classification of leprosy into either
pauci-bacillary or multi-bacillary. Multidrug Therapy
(MDT) as recommended by WHO includes two
different regimens, for pauci-bacillary (smear-
negative TT and BT) and multi-bacillary leprosy (all
types with smear-positive TT, BT, BB, BLand LL). The
former consists of 6 month treatment with daily
Dapsone and once monthly Rifampicin. Multi-bacillary
leprosy is treated with daily Dapsone and Clofazimine,
and once monthly Rifampicin, together with the first
two as a supervised dose. The duration of treatment
with multidrug therapy (MDT) has now been reduced

from two years to one year for most cases of MB
leprosy.

4 LAUNCH OF NATIONAL LEPROSY CONTROL
PROGRAMME IN PAKISTAN

Leprosy work in Pakistan was started in 1956 in a
beggar colony in Karachi, by a group of determined
nuns. These first pioneers ventured into doing the
seemingly impossible; their determination against all
odds enabled the National Leprosy Control
Programme to gradually take shape and develop into
the present successful countrywide organization. The
programme was funded by German Leprosy Relief
Association (GLRA) that continues to be a major donor
for the programme. The evolution of the programme
started with a move to establishing a hospital in 1963,
initiation of leprosy technician course and the first
proposal was submitted in 1968 to the Government of
Pakistan for funding, which was approved. The main
objective was to treat the patients in their respective
communities. In order to carry this out, two important
targets were set. The first was to overcome the stigma
of the disease so that household contact survey could
be achieved and the second one was to establish a
network of field clinics.

4.1 Training of Leprosy Technicians

From the outset, it was evident that leprosy patients,
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Figure-6: Leprosy Field Units throughout Pakistan
Note: There are 175+ Control Units Each with a Leprosy Field Officer and a Team of Dedicated Leprosy Technicians Who Monitor

Chemotherapy and Carry Out Body Checks on All Household Contacts of Leprosy Patients Annually

due to the attached stigma, tend to hide their disease
either by not showing it to the available medical facility
or by living in remote areas. Thus, a need of a special
group of field workers was identified who could go out
into most remote areas of the country in search of
leprosy patients and follow them until their complete
recovery. This group was later identified as 'Leprosy
Technicians'. In 1965, the first batch of 16 candidates
from various parts of the country started their training
at MALC. The duration of this course was 6 months. Till
1973 two more courses were held through affiliation
with Punjab medical faculty. From 1974 the Institute
got affiliation with Sindh Medical faculty, and, in 1983,
National Institute of Health in Pakistan recognized
MALC as the National Training Institute (NIH) for
Leprosy. Initially, the course was designed for the
beginners but as the work progressed and workers
were absorbed in provincial health services, advance
courses were created to qualify the leprosy
technicians for promotion into higher grades. This
was carried out by training leprosy technicians from
indigenous areas and gaining trust from the
community. Several cured leprosy patients were later
inducted in the programme, which further helped in
gaining patients' confidence that leprosy is curable
and that such treated patient can become a viable part
of the community. But above all, the personal

involvement and caring of Dr. Pfau for the patients and
their families resulted in a wide-spread recognition of
the programme.

4.2 Establishment of Field Units

After the establishment of a modern leprosy hospital in
Karachi city in 1963, Dr. Pfau embarked upon the
mission to extend leprosy care in different provinces of
the country. In this context, initial steps were taken in
Sindh, but NWFP (presently Khyber Pakhtunkhwa)
became the first province where leprosy work was
started at Pir Baba (Buner) in 1965. In 1967, leprosy
control services were started in Azad Jammu and
Kashmir and Northern Areas (Gilgit-Baltistan). In
1971, leprosy control measures were started in
Makran, Balochistan. By late 70s and early 80s,
Leprosy Control Programme was fully established
throughout the country in collaboration with provincial
and federal health services. The Leprosy Control
Programme is an example of a successful public-
private partnership.

There are a total of 175 Leprosy Control Units across
the country (Figure-6). Out of these 157 units are
sponsored by MALC in Sindh, Baluchistan, Khyber
Pukhtunkhwa, Azad Kashmir and Gilgit-Baltistan. The
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Figure-7: Total Number of Leprosy Patients Registered Between 1960-2013.

Note: This figure shows the number of patients since the initiation of the programme. Leprosy patient registration started in 1% January
1960. As the programme was established throughout Pakistan the numbers increased. As indicated by arrows, the first credible
statistics for leprosy in Pakistan were reported in 1980 and multidrug regimen was introduced throughout Pakistan in 1984. Control of
leprosy was achieved in 1996

remaining 18 units are sponsored by a sister NGO, Aid
to Leprosy Patients (ALP), and are located in Punjab
and Hazara Division of Khyber Pukhtunkhwa
Provinces. The catchment area of each centre varies
from 25,000 to 400,000. Annual field surveys are
carried outin these sites by the relevant field centers.

Most of the field units are located inside Provincial
Government health facilities and are staffed by
paramedical workers who are paid by the provincial
governments. Training in leprosy management is
conducted at MALC Training Institute. Logistics,
specific anti-leprosy medicines, financial incentives
and supervised monitoring are the responsibility of the
respective NGOs, namely MALC and ALP in their

respective areas. In addition, there are 2 major leprosy
hospitals with in-patient facilities for leprosy cases in
Karachi and Rawalpindi. Annual field surveys are
carried out at these sites by the relevantfield clinics.

5. EPIDEMIOLOGY OF LEPROSY IN PAKISTAN

Indigenous leprosy is found in markedly focal patterns.
The main reasons for this focal pattern may be that in
Pakistan, the disease has been brought into the
country in waves by the migrants; first at the time of
partition in 1947, and subsequently at the
independence of Bangladesh in 1971, and recently
from Afghanistan by war-displaced individuals.
Pakistan has been the host to nearly one million war-

Table-1: Distribution of Leprosy at the Start of MDT Regimen (1984) throughout Pakistan

[
T 5 S|
LCU < 0 < o < 2 v
0 < < c | 83 © )
s| 2 | 3|z 22| 2 |<
a » g %% 2
NG
Population per million 76.60 | 15.09/5.72 | 4.33 [36.29 | 13.25 | 4.67 |1.40
CDR per million 212 | 3.95/893 | 2.01 | 0.28 | 1.75 | 3.21 |5.93
RPR/10"5 229 | 3.22/119 | 152 | 0.33 | 2.45 | 5.67 |6.56
New cases registered 1,627 | 596/511 87 103 232 15 83
Deformity rate 23% | 24%/23% | 33% | 16% | 21% 13% |18%
Child rate 16% | 10%/30% | 7% | 4% | 12% 0% | 4%

Note: The case detection rate (CDR) varies from the lowest in Punjab (0.28/million population) to
highest in Sindh (3.95/million population); Karachi which has the highest population density is
shown in brackets in the same column as Sindh.
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Table-2: Changing Profiles of Leprosy Post-MDT

Year

1984

1996

2013

New cases registered

1,627 (100%)

1,076 (100%)

431 (100%)

Mutli-bacillary (MB)

976 (60%)

785 (73%)

348 (81%)

Pauci-Bacillary (PB) 651 (40%) 291 (27%) 83 (19%)
Children with leprosy 127 (12%) 127 (12%) 47 (11%)
Patients with deformities 373 (23%) 272 (25%) 66 (15%)

Note: The figures are given for 1984 when MDT was implemented, 1996 when
control was achieved and latest figures as of December 2013. Breakdown of patients
according to bacterial Index (BI) into pauci-bacillary and multi-bacillary (MB) is for
purposes of treatment. Number of children with leprosy and percentage in relation to
reg. cases and number of and percentage of patients with deformities over time is
given. The increase in percentage of MB indicates identification and early treatment
of PB patients decreasing the overall percentage of PB patients. Although the
numbers have dropped, the impact of MDT on % children with leprosy has been
marginal. Deformity rates are still unacceptably high.

displaced individuals. This has been the biggest
challenge for the Leprosy Control Programme.

Registration and documentation of leprosy patients at
MALC started in 1960. Figure-7 shows the total
number of leprosy patients registered between the
years 1960-2013, who required comprehensive care.
As the programme network increased in strength and
the credibility of the programme was established there
was a dramatic increase in patient numbers. The
landmarks achieved were the first credible statistics
reported for leprosy in Pakistan in 1980;
implementation of multidrug therapy (MDT)
throughout Pakistan in 1984; and achieving leprosy
control in 1996. However, active surveillance
continues and new cases are still being registered to
date.

Province-wise distribution of leprosy in Pakistan at the
start of MDT is given in Table-1. Statistics for Karachi
are also given as this is the most densely populated
city in Pakistan. No part of the country was free of
leprosy in 1984. However, Sindh province has the
highest burden of leprosy in Pakistan (60%) and,
Karachi contributes highest to the province's disease
burden (80%). This may be due to higher rate of
migration to the area as well as a high population
density.

6. IMPACT OF MULTIDRUG REGIMEN ON
LEPROSY IN PAKISTAN

6.1 Impacton Leprosy Patients on Chemotherapy

In 1983, MDT was introduced in the control
programme which was expanded throughout Pakistan

by 1984. In 1984, the number of registered leprosy
patients on chemotherapy was 27,959 (Figure-8).
With the shortened regimen of drug treatment with
MDT, there was a dramatic fall in the number of
patients on chemotherapy. In 2013, the number of
patients on chemotherapy has dropped from 19000+
to 660. These patients are under continuous
surveillance for complications or reactivation of the
disease.

6.2 Impact on Leprosy Patient Profile

Analysis was also carried out to determine the effect of
MDT on the rate of leprosy in children, leprosy
associated deformities, and type of the disease in
patients. Table-2 shows the breakdown for 1984, 1996
and 2013. With decreasing patient load, the proportion
of patients with MB shows an increase from 51 to 81%.
These results suggest that identification and early
treatment of PB patients decreases the overall
percentage of PB patients, with resulting proportional
increase in MB patients who require longer treatment
than PB. The impact of MDT on children with leprosy
has been marginal over a decade and is still hovering
at 11% deformity rate, whichis also unacceptably high
(15%).

Figure-8 shows a picture of multi-bacillary patient at
the start of MDT treatment and a picture one year later
taken from almost the same angle. The important
message is that even severe leprosy is a highly
treatable condition, particularly if the treatment
regimen is duly adhered to. Compliance is one of the
most important issues for Control Programmes in
leprosy. MALC has been able to achieve more than
95% drug compliance under this programme.
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Figure-8: Impact of MDT on Leprosy in Pakistan

Note: Multi Drug Treatment (MDT) was implemented in 1984 and leprosy was brought under control in 1996
as indicated by arrows. With the initiation of MDT there was a dramatic fall in patients on chemotherapy.
However these patients are under continued surveillance for complications or reactivation of the disease.
The number of patients on chemotherapy has dropped from 19000+ to 660 in 2013

6.3 Current Situation of Leprosy Control
Programme in Pakistan

The statistics, as of December 31, 2013, for the
Leprosy Control Programme in Pakistan are shown in
Table-3. The number of field units stand at 175 since
2003, although the population has more than doubled.
The incidence rate continues to go down and stands at
0.22 per million population; similarly, prevalence rate
is 0.03/10° population, and the number of patients
under treatment are 660 patients indicating successful
Leprosy Control.

7. NEW CHALLENGES AND GOALS

As leprosy work declined with the control over the

disease in 1996, the organization combined other
health disciplines to utilize the free capacity of leprosy
technicians, thus ensuring their presence in the field
for the next 2-3 decades that would be required due to
prolonged and variable incubation period of the bacilli.
The organization took the initiative of combining the
leprosy/TB control activities in Azad Jammu and
Kashmir and Gilgit-Baltistan; leprosy/blindness
specialties were combined in Sindh, Balochistan and
Khyber-Pakhtunkwa. These activities led to renaming
all leprosy control centers in 2002 as Leprosy
Elimination, TB and Blindness Control Centers, a
strategy termed as ‘TRIPLE MERGER’. To meet this
challenge, short and long courses are being arranged
in reputed institutions like Pakistan Institute of
Community Ophthalmology in Peshawar, Jinnah

Table-3: Leprosy Elimination, TB and Blindness Control Programme (As of December 31, 2013)

Area 796,095
Population 197,683,559
Control Unis 175
National Training Institutes 1
Total Registered Patients 56015
Patients under Treatment 660
Prevalence Rate per 105 0.03
Incidence Rate per 10"6 0.22
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After Treatment

Figure-9: Recovery of a Leprosy Patient after MDT Treatment.
Note: This patients was registered at MALC with borderline lepromatous disease. Patient was treated with MDT
for 1 year. This picture shows the lesions pre-treatment and one year post MDT treatment

Postgraduate Medical Centre (JPMC), ISRA Al-
Ibrahim Eye Hospital, Ojha Institute of Chest Diseases
and Civil Hospital in Karachi to enable the workers to
maintain the high standards set by leprosy control
programme. Currently, community-based
rehabilitation (CBR) has been introduced, which is
offered to non-leprosy patients families as well, thus
effectively utilizing the skills and training of the leprosy
technicians, while keeping the surveillance of leprosy
as an integral part of the programme. The key element
in success of this programme was training and
retraining of leprosy paramedics, drug compliance
and contact tracing. To improve the outreach of
medical expertise, feasibility of a tele-health facility at
the referral center connected to remote areas with
minimum medical facility is currently under way in
collaboration with the Commission on Science and
Technology for Sustainable Development in the South
(COMSATS). The objective would be the provision of
medical advice within reachable distance.

The overall goal of this institution is to provide trained
and motivated field workers in Leprosy Elimination
along with TB / blindness control and CBR at primary
level. It aims at enhancing the knowledge and skills
through constant learning by arranging regular update
courses for workers; improving the diagnostic and
management capabilities of medical students and
doctors against leprosy by providing rotation in
different centers; and hands-on training in leprosy
diagnosis and management.
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STUDY OF PHENOTYPIC POLYMORPHISM AND
DETECTION OF GENOTYPIC POLYMORPHISMIN
M. SEXMACULATUS USING RAPD PCR

ABSTRACT

Menochilus sexmaculatus (Coleoptera:
Coccinellidae), commonly known as six spotted zig
zag ladybird is aphidophagus used as an
economically significant biological control agent of
pest insects, including aphids. M. sexmaculatus is the
most misidentified Coccinellid due to the occurrence
of its numerous color variants. The correct
identification of M. sexmaculatus and its strains is
necessary to implement the use of biological control.
In this study, phenotypic and genotypic polymorphism
was investigated in Menochilus sexmaculatus
collected from Punjab, Khyber Pukhtoonkhwa (KPK)
and Sindh provinces of Pakistan. Six different morphs
of the species were distinguished by analyzing its
elytral color and spot pattern, and then Polymerase
Chain Reaction (PCR) was used to generate random
amplification of polymorphic DNA (RAPD) from six
different types of M. sexmaculatus. Forty primers
(OPA & OPC Kit) were used to perform RAPD PCR on
six different types of M. sexmaculatus, out of which
seven primers revealed different patterns related to
the M. sexmaculatus types. These seven primers
produced 111 clear polymorphic bands and 6 scorable
strain specific markers. The cluster analysis applied to
RAPD data showed high polymorphism among six
types and it can be concluded that these six types are
six polymorphic strains of the same species, which has
implications for natural and biological control of
aphids.

Keywords: Menochilus sexmaculatus,
aphidophagus, coccinellids, phenotypic and
genotypic polymorphism, RAPD-PCR, strain specific
markers

1. INTRODUCTION

M. sexmaculatus commonly known as six-spotted zig
zag ladybird widely distributed in Pakistan (Hamid,
1983). Cheilomenes sexmaculata and Menochilus
guadriplagiatus are synonymous scientific names of
this species (Sasaji and Akamatsu, 1979). M.
sexmaculatus is acommon species used for biological
control in agriculture settings, as its main prey is the
aphid — a major agricultural pest. The ability of M.
sexmaculatus to be so successful in a large range of
habitats makes it especially beneficial to humans who
need crop security from aphid infestations. M.
sexmaculatus is highly polymorphic. The various color
morphs of this species are frequently misidentified as

Huma Balouch*" &
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Micraspis discolor, and Chilocorus nigrita.

Morphology-based identification and description of
insect taxa has long been used to separate species.
Among many groups of insects, however,
morphological characters within a single species can
vary with respect to environmental factors, or on the
other hand, related species may have convergent and
cryptic morphologies which limits its usefulness.
Under such conditions, studies of their biology and
molecular profiles become essential for defining
species and characterizing populations (Calvert, et al.,
2001). Species that exhibit visible polymorphisms are
ideal for studying the micro-evolutionary forces that
maintain genetic variation in nature (Ekendall and
Johansson, 1997). Many coccinellid species exhibit
striking elytra color polymorphisms and so provide an
excellent system to study questions about the
evolution and maintenance of polymorphisms
(Kearns, et al., 1990; Bernstein and Bernstein, 1998;
Machado and Arjauno, 1999; Machado, et al., 2004).

Molecular methods have revolutionized insect
systematic (Roderick, 1996; Caterino, et al., 2000)
and are increasingly being applied to coccinellids
(Navajas and Fenton, 2000). The ability to amplify
DNA via the PCR has greatly facilitated DNA
sequence comparisons (Innis, et al., 1990) and
resulted in development and use of species diagnostic
PCR primer pairs (Paskewitz, and Collins, 1990). The
technique, random amplified polymorphic DNA
(RAPD), is PCR based, permitting scores of markers
to be assayed on DNA extracted from single insect.
Instead of using primer pairs as in traditional PCR,
RAPD reaction use a single short primer (usually ten
bases in length) of randomly chosen sequence. RAPD
PCR analysis increases the resolution of genetic
differences. This method has been widely used for
analysis of genetic variation of insect population and
for identification of cryptic insect species and biotypes
(Gawel and Bartlett, 1993; Black and Du Teau, 1997).
The purpose of this study is to determine intraspecific
phenotypic and genotypic differences of M.
sexmaculatus by morphological and RAPD analysis,
and identify a set of primers specific to the M.
sexmaculatus genome.

2. MATERIALS AND METHODS
2.1 Morphological Study

Specimens of M. sexmaculatus, manually collected

* KPK Agriculture University, Peshawar, Pakistan and COMSATS Headquarters, Islamabad, Pakistan. "Email: humablch@comsats.net.pk

** KPK Agriculture University, Peshawar, Pakistan
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Figure-1: Map Showing the Location of the Sampling Sites of Different Types of M. sexmaculatus

Table-1: Details of M. sexmaculatus Specimens

Typ_e of Area Province Date (_)f
Specimen Collection
M1 Malir, Karachi Sindh Mar, 2007
Phhagwari, Kotli AJK Oct, 2007

M2 Islamabad Federal Area Mar, 2002
Rawalakot AJK Apr, 2006

M3 Umar Kot Sindh Mar, 2007
Mangla AJK Apr, 2007

M4 Jhang Punjab Jan, 2008
Mirpur AJK May, 2004

M5 Jhang Punjab Oct, 2006
Sukhur Sindh Oct, 2003
M6 Tarbela KPK Sep, 2006
Talagang Punjab Mar, 2004

from 11 different localities in three provinces of
Pakistan, including KPK, Punjab and Sindh, were
obtained from the National Insect Museum, National
Agricultural Research Centre (NARC), Islamabad,
Pakistan (Figure-1). The types of the specimen, and
their date of collection are enlisted in Table-1. Different
types of M. sexmaculatus were separated
phenotypically by observing their elytral coloration and
spot pattern, size, mouth parts and genitallium (Table-
2).

2.2 Extraction of DNA

DNA was extracted from the individual insects by
using two different protocols, namely DNA ZOL (MRC.
Inc) and CTAB (Doyle and Doyle, 1990)

2.2.1 DNAZOL

In this method, the whole single individual was lysed

and homogenized with 1 ml of DNA ZOL (MRC Inc).
Homogenate was stored for 5-10 minutes at room
temperature. It was then sedimented for 10 minutes at
10,000 g at 4-25°C. Following centrifugation the
resulting viscous supernatant was transferred to a
fresh-labeled eppendorf tube. Afterwards, DNA was
precipitated from the homogenate by adding 0.5 ml of
100% ethanol and stored at room temperature for 1-3
minutes. Precipitated DNA was again centrifuged at
10,000 g for 5 minutes at 4-25°C. Supernatant was
removed simply by decanting. Precipitated DNA was
then washed twice with 1 ml of 75% ethanol and
suspended for 5 minutes. Remaining alcohol was
removed by pipetting and the pellet was dissolved in
50 IDEPCH,O.

2.2.2 CTAB Method

CTAB method of Doyle and Doyle (1990) was followed
with minor modifications. Individuals were separately
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homogenized in 100 | of Extraction Buffer (50 mM
Tris pH 7.0, 100 mM NaCl, 10 mM EDTA, 1% SDS)
followed by addition of 500 | of TBE Buffer, mixing and
incubation at 65°C for 1 hr in water bath. Afterwards,
400 | of phenol (pH 8.0) along with 200 | chloroform
(1:24 1soamyl alcohol: chloroform) was added to this
solution, and centrifugation at 13,000 rpm for 8-10
minutes was carried out. The top clear solution was
pipetted outinto another clean-labeled eppendorftube
and 500 | of chloroform was added. It was again
centrifuged at 13,000 rpm for 8-10 minutes. Again top
clear solution was pipetted out into another labeled
eppendorf tube and mixed with 1/10 vol. of 3M Na,
Acetate and 2 vol of 100% ethanol and centrifuged at
13,000 rpm for 8 minutes. Supernatant was discarded
and 700 | of 70% ethanol was added to wash pellet
and then centrifuged at 13,000 rpm for 2-5 minutes.
Supernatant liquid was discarded and dry pellet was
re-suspended in 50 | of DEPC H,O and stored at
—20°C. The concentration of DNA samples was
quantified by UV spectrophotometry. Working
solutions were adjusted to 25-30 g/ 1in DEPCH,O.

2.3 RAPDPCR

A total of forty primers of random sequence from two
kits (OPA and OPC, Operon technologies, Almaeda,
USA) were used for amplification of DNA. PCR
reactions were conducted with 25 | reaction mixture.
The optimum RAPD PCR reaction conditions were
selected by varying several parameters viz. DNA
concentration (10, 15, 20, and 25 ng); MgCl,
concentration (1.5, 2, 2.5, 3, 3.5 and 4.5 mM); Primer
concentration (0.1, 0.2, 0.3,0.4,0.5and 0.6 M) Taq

Huma Balouch & Zahoor A. Swati

DNA polymerase concentration (0.5, 1.0, 1.5 and 2.0
U) and dNTP concentration (2, 10, 20, 25, 50, and 100
mM).

The optimum reaction mixture that gave best
amplification pattern was obtained using 2.5 10of 10 X
PCR buffer, 3 | of MgCl, (2 mM), 1 | of 10 mM
dNTP's, 1 | of primer (0.2 M), 0.25 | of Taq
Polymerase (1 U), 1 | of DNA (15 ng) and the rest
DEPCH,0.

Amplification was carried out in Reacon Thermal
Cycler programmed for denaturation at 94°C for 1 min,
45 cycles of denaturation at 92°C for 1 min, annealing
at 35°C for 1 min, extension at 72°C for 1 min and then
final extension at 72°C for 10 min. Ten micro litres (10

[) of amplification products were run along with a
Gene Ruler™ DNA Ladder Marker (1 Kb) on 1%
agarose gel containing Ethidium Bromide for 3 hrs at
40-50 V. Each set of PCR reactions was checked for
contamination by using a negative control (all
reagents except template DNA).

2.4 Cluster Analysis

RAPD bands produced by all the primers were scored
for six strains. A matrix was created by taking into
account the presence (1) or absence (0) of the bands.
Using this matrix, polymorphism within the species of
M. sexmaculatus was calculated (an index of Genetic
distance 1-F values) using the formula of Nei and Li,
(1979). Dendogram was constructed using UPGMA
computational programme (POP Gene Software).

Table-2: Details of Six Morphologically Different Types of M. sexmaculatus used

Total Body| Pronotal | Pronotal| Elytral | Elytral .
Type. of Length | Length | Width | Length | Width Ground) - Elytral | Spot/Stripe
Species Color | Pattern Color
(mm) (mm) (mm) (mm) (mm)
Dark .
M1 461 1.44 2.73 3.17 2.32 Stripped Black
Orange
. Light
M 2 4.64 1.47 2.8 3.17 2.38 Black | Stripped
Orange
M3 432 1.2 26 312 | 224 [PKE| gpinned | Black
Yellow
M 4 4.02 1.14 2.32 2.88 2.16 Black - -
M5 457 142 | 272 | 315 23 | P2 | stipped |  Black
Orange
M6 452 1.39 27 3.13 23 | Black | Spotted Dark
Orange
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3. RESULTS
3.1 Phenotypic Polymorphism

Six different morphs of M. sexmaculatus showed slight
variation in their elytral color intensities and size.
Table-2 lists all the measurement and the basic color
pattern of six types of M. sexmaculatus.

Six different morphs of M. sexmaculatus included in
the study were obtained on the basis of elytral spot or
stripe patterns. The elytral pattern of six different
morphs of M. sexmaculatus are shown in Figure-2.
Morphologically different specimens of M.
sexmaculatus showed the same basic pattern in
mouthparts. Wide massive and sickle-shaped
mandible was observed having one apical and one
basal tooth, which is characteristic of all predatory

coccinellids (Figure-3 A). All the types carried a small
rounded side labrum with setae on it (Figure-3B).
Maxillary palpi were found four segmented. The
terminal segment of maxillary palpi is an important
distinguishing characteristic for identification of
different types of M. sexmaculatus because of its
unique axe-like shape (Figure-3 C). Labium is not
taxonomically important and it was observed that
numerous hairs anteriorly covered the labium and
labial palus was three segmented (Figure-3 D).

Generally, species can only be identified with
reference to their species-specific structure of male
genitalia (Kovar, 1996), in the absence of other
external diagnostic characteristics. Such diagnostic
characteristics in the male genitallium are found in
aedeagus (tegmen) and sipho. The specimens of M.
sexmaculatus showed an elongate, curved and

Figure-2. Elytral Pattern in M. sexmaculatus
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Figure-3: Phenotypic Characteristics of M. sexmaculatus: (A) Mandibles and Palp;
(B) Labrum; (C) Maxilla; (D) Labium; (E) Female Genitallium; (F-G) Male Genitallium

A scientific journal of COMSATS - SCIENCE VISION  Vol.20 No.2 (July to December 2014) 17



Study of Phenotypic Polymorphism and Detection of Genotypic Polymorphism in M. Sexmaculatus Using RAPD PCR

tubular sipho with a basal siphonal capsule (Figure-3.
F-G). All types had a symmetrical tegmen comprising
of pair of parameres (arms). The shapes and structure
of the genital plates of female genitallium are of
taxonomic importance at the higher level.
Phenotypically similar female genitallium was found
from M1 to M6. All carried long and broad
spermatheca (Figure-3 E).

3.2 Standardization of DNA Isolation

In this study, DNA ZOL method proved more efficient
as compared to CTAB method. Several modifications
were introduced to Doyle and Doyle (1990) CTAB
method for the removal of the impurities. Use of CTAB
method for DNA extraction resulted in sheared bands
on gel electrophoresis indicating higher proteins.
Isolation of DNA of M. sexmaculatus from the CTAB
method resulted in insufficient removal of protein and
viscous DNA samples. Two consecutive washes with
Phenol chloroform (isoamyl alcohol) excluded protein
impurities (Chakraborti, et al., 2006) and proved very
effective. The pelleted DNA obtained by DNA ZOL
method generated clear solution whereas the DNA
isolated by the CTAB method was partially soluble.
DNA ZOL proved to be more effective in removing the
total protein content and for the recovery of pure DNA.
Spectrophotometric values (260/280) for DNA
extracted from six types of the species by DNA ZOL
ranged from 1.45 to 1.66 while for C-TAB values
ranged from 1.24to 1.88.

3.3 RAPD PCR Amplification

The protocol of RAPD PCR was optimized by
introducing several modification to the original
Williams, et al. (1990) protocol in both PCR
components, such as template DNA, Primers,
magnesium chloride, Taq Polymerase, dNTP’s, as
well as in amplification cycles including, temperature
and time interval for denaturation, annealing and

extension steps. The optimized reaction conditions
produced clear, scorable amplified products, suitable
for RAPD applications in all primers tested.

Of the 40 primers of OPC-kit and OPA-kit used for
amplification, 7 primers (OPA-04, OPA-09, OPA-18,
OPC-04, OPC-12, OPC-15 and OPC-18) proved
successful in detecting polymorphism in all types of M.
sexmaculatus (Table-3). Out of the total 153 fragments
scored, about 72% (111 bands) were polymorphic,
while 42 fragments were monomorphic (shared by all
strains). There were some fragments, which are
species specific and are not shared by strains. The
occurrence of common and unique bands between six
typesis valuable and can be used to gain phylogenetic
information. The number and size of amplified
products varied depending upon the sequence of
random primer and DNA samples used. The size of
amplified products ranged from 340 bp to 1200 bp.

The primer OPA 04 produced a total of 27 bands of
different sizes with all types of M. sexmaculatus
ranging from 350 bp to 940 bp in length (Figure- 4 A).
Since one band was shared by all types (500 bp),
therefore it is considered a marker for entire species.
As one specific band of 880 bp was obtained for M 4
and did not appear in other types, it can be used as
strain specific molecular marker for M4 strain. The
primer OPA-09 amplified 17 bands with all types of M.
sexmaculatus of sizes between 590 bp to 1030 bp in
length. This primer cannot be used to distinguish the
species, however the profiles show a large degree of
variation, therefore it can be a good strain marker for
conformation purposes (Figure-4 B).

The primer OPA 18 yielded a total of 22 bands with all
types of M. sexmaculatus. The range of the bands lies
between 340 bp to 1120 bp in length (Figure-4 C).
RAPD PCR analysis for primer OPA 18 was to some
extent similar to that of primer OPA 09. All the types of
M. sexmaculatus when amplified with OPC-04

Table-3: Details of the Polymorphism Detected by the Primers

. . Total Polymorphic | % of Polymorphic
Primers | Primers Seequence Bands Bands Bands
OPA-04 | 5-CCGCATCTAC-3 27 21 77.7
OPA-09 | 5-GGGTAACGCC-3 17 17 100
OPA-18 | 5-AGGTGACCGT-3 22 22 100
OPC-04 | 5-CCGCATCTAC-3 21 3 14.3
OPC-12 | 5-TGTCATCCCC-3 26 26 100
OPC-15 | 5-GACGGATCAG-3 23 5 21.7
OPC-18 | 5-TGAGTGGGTG-3 17 17 100
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Figure-4: RAPD Reaction Products: (A) for OPA-04; (B) for OPA-09; (C) for OPA-18; and (D) for OPC-04

showed a total of 21 bands of sizes ranging between
360 bp to 940 bp in length (Figure-4 D). Successful
detection of 3 common bands of 360 bp, 500 bp and
650 bp in all the types by OPC 04 primer indicates that
this primer can be used as molecular marker for M.
sexmaculatus.

Atotal of 26 bands of sizes ranging between 380 bp to
1060 bp in length were obtained when all types of M.
sexmaculatus were amplified with OPC-12 (Figure-5
A). The DNAfragment profile of amplification with OPC
12 did not show a common band for all types but
provided 2 markers that can be an excellent tool for
fast and accurate identification of M 2 and M 5 types.
M 2 differs from others types only in the position of one
band of 380 bp, and M5 differs from others by the
presence of one band (500 bp).

Atotal of 17 bands, ranging from 500 bp to 1200 bp in
length were recovered by the primer OPC-18 with
types of M. sexmaculatus (Figure-5 B). Single band of
1200 bp was observed only in M3 type, thus
distinguishing it from all other strains and can be
considered as useful strain-specific molecular marker.
Aspecific band of 900 bp was recorded in M5 type so it
can also be used as molecular marker for its
identification.

Analysis of RAPD PCR for the OPC-15 primer (Figure-
5 C) revealed a total of 23 bands. The range of the
bands length was between 380 bp to 900 bp. Bands of
380 bp, 500 bp, and 680 bp were common to all the
types. A band of 900 bp was commonly shared by all
strains except M6. No specific band was observed in
any strain. Three common bands that are shared by all
strains can be used as species-specific molecular
marker.
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Figure-5: RAPD Reaction Products: (A) for OPC-12; (B) for OPC-18; and (C) for OPC-15

3.4 Dendogram

A dendogram was constructed based on the RAPD
data generated in this study (Figure-6). The analysis
was based on the number of bands that were different
between any types. Dendogram divided six types of M.
sexmaculatus into three main groups. First group
contains single type M5, second contains M2 and third
group contains the remaining types. Third group is
further divided into two sub-groups. First sub-group
encompasses M1 and second sub-group is further
divided into two lineages or clades, one is composed
of M3, and second one includes M4 and M6 types.
Thus M4 and M6 are more closely related to each
other than to any other types and M3 is closely related
to these two types. At the same time, these three types
showed slightest relationship with type M1. The least
genetic distance of 0.2231 was recorded between M4
and M6, while the highest value of 0.6444 was
between M5 and M6 (Table-4).

The results showed high association between
genotypic and phenotypic polymorphism. The first
group containing M4 and M6 strains differed only in the
presence of one yellow spot on elytra, the rest of the
elytral color pattern was the same. The cluster
analysis done on the basis of RAPD data showed the
least genetic distance between these two types. Then
M1 and M3 resembles more to these two types
phenotypically than M2 and M5. Type 1 and type 3
differed in color pattern below middle lateral part of the
elytra and have one common spot on upper part of the
elytra. M2 and M5 have irregular striped pattern that
does not resemble any other type, and their cluster
analysis showed that they differed more from the rest
of the types phenotypically, as well as genotypically as
they showed high genetic distance to the others types.

4. DISCUSSION

Since many factors can alter the reproducibility of
RAPD PCR products and polymorphism analysis, it is
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Table-4: Nei's Original Measures of Genetic Distance

Types_ of 1 > 3 4 5 6
Species
Ml *kkk
M2 0.5108 Fokkk
M3 0.393 0.393 Fokkk
M4 0.5108 0.5978 0.393 rkkk
M5 0.5534 0.5534 0.5108 0.3216 el
M6 0.5108 0.5978 0.2549 0.2231 0.6444 el
R e e o e s mias Ml
b-—-3
! ! e e e S R SR M3
! fomm e 2
t=~4 ! o e e e M4
1o fommmmm 1
P o o e e e e e e M6
=5 !
| e e e e e e e e e e e e e e e e M35
!
e i i e e i i i e e e e et e e e i M2

Figure-6: Dendogram Demonstrating the Relationship Among Six Types of M.
sexmaculatus Based on RAPD PCR Data

necessary to standardize the amplification conditions
prior to analysis of insect DNA, such as from M.
sexmaculatus. It was found that each primer
generated a variable number of amplified fragments,
depending on the analyzed type. Generally, the
proportion of polymorphic bands was higher than that
of monomorphic bands. In this study, most of the
tested primers yielded identical DNA bands among all
types and were therefore not useful to differentiate
these types into strains.

Bands of same size (360 bp, 380 bp, 500 bp, 650 bp,
680 bp) were observed among six types. Itis generally
recognized that bands of the same size may indicate
homology among different types. However, it is well-
documented that PCR products of the same size are
not necessarily to be of the same DNA sequences.
Therefore, those bands may have different DNA
sequences and genetic makeup. Thus, DNA
sequencing technique would be necessary to confirm
the specificity of nucleotide sequences of similar
bands. There were some differences in the DNA band
profile within these types because of intraspecific
polymorphism. Presence of strain specific fragments
(880 bp in type M4 with OPA-04, 800 bp and 940 bp in
type M5 with OPA-18, 380 bp in type M2 and 500 bp in
type M5, 900 bp in type M5 and 1200 bp in type M3
with OPC-18) are indicative of heterogeneity among
different types of M. sexmaculatus. In this study, we

only considered the position of RAPD band chart but
ignored the breadth and brightness of those bands, so
this may lead to loss of some information. Besides,
cluster analysis, some more accurate and reasonable
methods, in which the position, breadth and
brightness of bands should be considered, need to be
developedin RAPD analysis.

A similar work was reported by Williams, et al. (1994)
working with the Weevil (L. bonariensis) and Dowdy, et
al. (1996) working with Indian meal moth in South
America. But their data was not as clear because their
working species strains exhibit a relatively high degree
of genetic similarity with each other and the average
banding difference between strains were not
significant.

The analysis of geographical variation of
polymorphism of the elytra in this species showed that
although there were differences in the distribution of
coloration pattern in different regions, these
differences did not appear to be influenced by location
variable factor analyzed here. This study
demonstrated no association between location
variability and the diversities. Almost all types or
morphs were collected from one common location
(AJK) and one other location (either Punjab or Sindh).
Most closely related morphs were found to be located
in different provinces and most distantly related
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morphs were found to be located in the same area.
The genetic diversity within sites might be influenced
by population size in M. sexmaculatus; local
population sizes are known to influence the degree of
genetic variation within and between populations
(Lande, 1995). Similar observations have been
reported for Plodia interpunctella (Dowdy and Mc
Gaughey, 1996).

Host variable factors were also analyzed to verify what
influence they might be having on the diversity found in
this species. The specimens of all types were collected
from Maize, Rice and Cotton, and the result suggested
that the polymorphism reported in this study is not
related to the host variability as the most closely
related types M 4 and M 6 were collected from different
hosts. The reason for the polymorphism of elytral spot
and color pattern still remains to be explained
satisfactorily.

In this study, RAPD method revealed a large number
of polymorphisms, which can be used as genetic
markers in research involving species diagnosis,
population differentiation and genetic fingerprinting.
This study has successfully detected polymorphism in
M. sexmaculatus and defined six different strains that
are genotypically and phenotypically different. The
results of this study have shown that the RAPD PCR
analysis can be used in species and strain
identification. This study proposed that RAPD should
be integrated into classical identification methods
since it is faster, more economical and reliable. This
technique will likely offer more solid and certain results
when identifying polymorphic species. However, this
study encourages further research and analysis using
large number of specimens, as well as markers to
confirm these preliminary findings. ldentifying the
forces responsible for genetic differentiation within this
species is important for practitioners of biological
control. Further molecular studies of this six spotted
ladybird can play a considerable role in studies of
coccinellids ecology, evolutionary biology, cytology
and biogeography.

Biopesticides offer a more sustainable solution to pest
control than synthetic alternatives. These identified six
strains of M. sexmaculatus could be of great economic
importance in agro-ecosystem as they can be
successfully employed in the biological control of plant
harming aphids.
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DESIGN AND ANALYSIS APPROACH FOR LINEAR

AEROSPIKE NOZZLE

ABSTRACT

The paper presents an aerodynamic design of a
simplified linear aerospike nozzle and its detailed
exhaust flow analysis with no spike truncation.
Analytical method with isentropic planar flow was used
to generate the nozzle contour through MATLAB®. The
developed code produces a number of outputs
comprising nozzle wall profile, flow properties along
the nozzle wall, thrust coefficient, thrust, as well as
amount of nozzle truncation. Results acquired from
design code and numerical analyses are compared for
observing differences. The numerical analysis
adopted an inviscid model carried out through
commercially available and reliable computational
fluid dynamics (CFD) software. Use of the developed
code would assist the readers to perform quick
analysis of different aerodynamic design parameters
for the aerospike nozzle that has tremendous scope of
application in future launch vehicles.

Keywords: Rocket Propulsion, Aerospike Nozzle,
Contour Design, Computational Fluid Dynamics

1. INTRODUCTION

In order to develop an optimum propulsion system and
realize the human dream of space exploration,
different aspects of aerospike engine are under active
research since 1950’s. Scientists involved with rocket
propulsion have known the fact that an aerospike
engine has the highest potential for significantly
improving the overall performance of satellite launch
vehicles through all phases of flight (Tirpak and John,
1998; Dorsey, et al., 1999; Bradford, et al., 2000;
Garvey and Besnard, 2004; Bui, et al., 2005). An
extraordinary performance, integrated over the flight
time, is especially important for high velocity missions,

Safwan Ullah Khan*,
Abid Ali Khan**" &
Adnan Munir*

such as the single stage to orbit (SSTO) application
(Sutton and Biblarz, 2011). One such proposed SSTO
vehicle is X-33 with a linear Aerospike nozzle
(Jackson, et al., 1998; Wang, 1999; Shtessel and Hall,
2000). A simplified aerospike nozzle geometry is
shown in Figure-1. Unlike conventional nozzles, in
which performance losses occur especially at lower
altitudes as the engine is designed to have an
optimum thrust at only one design altitude, aerospike
is believed to recover up to 50 percent of those losses
(Huebner, etal., 1995). The recovery is possible due to
its unique ability of compensating for the varying
altitudes (and thus varying ambient pressure)
throughout the launch and ascent phases of flight.
Flow expansion is self-adjusted at altitudes lower
than design altitude, which improves thrust
coefficients and thrust (Naghib, et al., 2006).

At higher altitudes, the operation is almost similar to
the conventional nozzles. Likewise, when the exit
pressure equals ambient pressure at design altitude,
the expansion is optimum or fully expanded. However,
at altitudes lower than the design condition, where the
exit pressure is lower than the ambient pressure, flow
is said to be over expanded because expansion is
incomplete and jet plume exiting the nozzle is small, or
the jet exit velocity is lower than optimum. Here, the
Aerospike self-adjusts its flow expansion by effectively
changing the aerodynamic nozzle exit area unbound
from the outer end, and thus sufficiently eliminating
any back pressure (Kremeyer, et al., 2006). This is
what a conventional nozzle is incapable of and
surrenders to flow separation in such conditions.
While at higher altitudes, above the design condition,
the exhaust plume of aerospike nozzle is bigger than
the straight column and yet again, its expansion ratio
varies (increases) but as is the case of conventional
nozzles, such an under expanded flow fails to

Figure-1: Nozzle Wall Geometry with Expansion Waves
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influence the pressure distribution at the nozzle wall
and, therefore, does not add much to the thrust.
Although performance data for aerospike or plug
nozzles is always lower than the theoretical
expectations but still comparison of the performance
during all exhaust plume conditions with conventional
nozzles gives it an upper edge (Hagemann, et al.,
1998).

Continuous research is being carried out on making
the space accessible through the future launch
vehicles that must be reusable, lightweight, and
maintenance friendly. The goal of achieving an
economical and viable future vehicle is not easy and
success will mainly depend on the development of an
integrated and optimized system. Series of studies
have been carried out to meet this desired objective.
Not only reduction of airframe weight, improvement in
operability, and/or cost reduction will be sufficient to
realize the desired goals but development of optimal
propulsion system through studies such as the one
undertaken in this work are essential and are taking us
a step closer to human’s dream of space exploration.

2. LINEARAEROSPIKE NOZZLE

The aerospike nozzle studied in this research
comprised three parts, namely the thruster, nozzle
wall, and base region. No truncation was applied to
keep the work simple, as shown in Figure-2.
Moreover, other components such as the turbo-
machinery and support structure for the nozzle wall,
which are essential parts of an engine, were also
neglected. The purpose of these assumptions was to
keep the focus of the research on the nozzle analysis,
and keep it simple and avoid other complexities of
entire engine.

Linear throat of the model (Figure-2), called the
thruster, has a rectangular cross-section, whose area

is defined in terms of height per unit depth. It is
assumed that the thruster has been properly designed
and the calculations used to derive the shape of the
nozzle assume that at the exit of the thruster, the flow
velocity is sonic, i.e., Mach number reaches one. The
major thrust contributing section of the engine is the
nozzle wall. Exhaust gases leaving the thruster at
sonic velocity expand along the nozzle walls until they
exit from the engine. Various assumptions have been
taken during this work to reduce the complexity of
problem, especially the effect of exhaust flow heat on
nozzle wall material has been neglected. Moreover,
there is no cooling allowance considered as would
have been done on an actual engine and base region,
it is only formed when truncation is applied, thus
introducing wake region and complex aerodynamics.
When exhaust flow leaves the nozzle wall, the plume
takes the form of an aerodynamic spike aft of the
engine. At the corner of the nozzle wall near the exit,
flow separates and causes recirculation, which
generates pressure on the base. This pressure
generates thrust that can approximately account for
the complete loss on full length of the ideal spike
(Korte, etal., 1997; Niimi, et al., 2003).

2.1 Advantages and Disadvantages

Various significant gains are achieved through the
Aerospike nozzles that were considered in 1960s and
1970s for shuttle and in the 1990s for X-33 operations.
Some of the obvious merits are as follows:

i) Self-compensation as the launch vehicle climbs
through the atmosphere;

i) Improved thrust coefficient when operating below
design pressure;

iii) Applicationin SSTO vehicles;

iv) Considered better than other advanced nozzles;

v) Aerospike has never flown using liquid
propellants;

Figure-2: Wall and Flow Geometry Parameters
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vi) Smallerinsize and lesser in weight;

vii) Thrust vectoring due to the control of individual
combustion chambers;

viii) Less risk of failure due to simple turbo machinery;
and

ix) Lower vehicle drag due to its compact size and
easy integration.

Since aerospike is still a new technological leap, it also
has its share of disadvantages, which are a challenge
today for the aerospace engineers. These challenges
include the lack of proven flight experience, reliability,
performance validation (which are expected to
happen soon), and manufacturing complexities such
as a larger-than-usual surface area, which is
subjected to high heat transfer. The termination of
Lockheed Martin’s X-33 programme in 2001 played an
important role in impeding the vigorous development
of the aerospike concept.

2.2 Objectives

The objective of this research was to design a
MATLAB® code, which can generate an aerospike
nozzle contour quickly, correctly and efficiently. For
this purpose, an approximate method was used to
describe the geometric curves by simple mathematical
functions obtained from solving the relevant geometry
and aerodynamic relations. The code also calculates
the flow properties along the nozzle wall and other
performance parameters. Later section, presents an
outline of this analytical approach in more details. Next
step was to perform a detailed flow field analysis of the
design utilizing numerical techniques of a reliable
Computational Fluid Dynamics (CFD) software, using
the same initial and boundary conditions as in the
programme. Complete numerical approach used in
this work and the acquired results are deliberated in a
separate section. In subsequent part of the paper a
comparison of the results acquired through both the
approaches in order to verify the assumptions and
validate the developed design code is outlined.

3. ANALYTICALAPPROACH

The assumptions listed here and used in this work are
similar to those used in the approaches followed by
researchers in their published work (Sutton and
Biblarz, 2011; Jackson, et al., 1998):

a) Exhaust flow exiting thruster is a steady, inviscid,
irrotational, and isentropic, “thus the reflection of
waves from the wall, or free boundary are
neglected”.

Safwan Ullah Khan, Abid Ali Khan & Adnan Munir

b) Itisaplanarflow, expansion fans are straight lines
with sonic conditions at thruster exit or throat.

c) Exit Mach at the nozzle wall is calculated by
Prandtl-Meyer function.

The nozzle geometry with its aerodynamic
characteristics was elaborated in Figure-1, which
clearly shows the thruster angle, 8,, and the exit Mach
number, M.. The Prandtl — Meyer angle, at exit is set to
the deflection or thruster angle where flow is sonic and
solved for the exit Mach number as shown in equation
(1) and (2):

\/7tan —(MZ 1) n'VM? 1 1)

Where, yis the specific heatratio (=1.4).
(o ™MD 0 @)

The x and y coordinates are given by equation (3) and
(4) solving the geometry in Figure-2, which also gives
parameters, such as Thruster area A, Base area A,,
Flow angle 8, Mach angle u, and Plume area A, at any
point during the flow along the spike.

% AI\COS( ) (3)
Xk
Following definitions apply for above relations:

| A

K A sin ®)

A 1.2 T

A M[ (1 I )] (6)
.o, 1
sin (ﬁ) (7)
¢ (M) (8)

(M) \/itanl\/i(M2 ) tan'vM?* 1 (9)

The flow properties at each x and y coordinate along
the nozzle wall can now be found using the isentropic
flow relations:
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Thrust from each component is calculated separately
and superimposed to compute the overall thrust. The
thrust generated by both the thrusters is derived from
the rocket thrust equation 13:

K 2mu, (p, p)Alcos (13)

Where,
m = Mass flow rate of thruster
p.. = Ambient pressure at the design altitude

Using the standard definition for the mass flow rate
and thruster exit velocity at sonic conditions, equation
13 becomes:

2 2

R 2ATp,( 1

2 — 2
31 _fy 1 14
=) P TP deos (14)

Equation 15 is used to computed thrust generated by
both the nozzle walls:

Fo2 (p(¥) p)%.dx (15)

Base region thrustis computed using equation 16:

F (p, PIA O (16)

Hence, overall thrust from all three components is
found through addition of thrust acquired from
individual components using equations 14, 15 and 16:

F KR F K a7
Finally, the thrust coefficient C. is found using equation

18:

F
C -
DA (18)

3.1 Design Code Inputand Output

Design input parameters for linear aerospike are listed
in Table-1 using calorically perfect gas properties for
propellants with an average combustion chamber
pressure of 300 psi. At an ambient pressure of 1.60
psi the nozzle seems to be designed for an operating
altitude of approximately 51,000 ft.

Table-1: Aerospike Design Input Parameters

Parameter Value Units
Thruster Angle 67.84 degree
Truncation Fraction 1 -
Design Altitude 51,000 ft
Ambient Pressure 1.6 psi
Chamber Pressure 300 psi
Nozzle Pressure Ratio 187.5 -
Specific Heat Ratio 1.4 -
Total Temperature 5,760 R
Throat Size 0.1575 in
Wall Grid Points 100 -

Various output parameters acquired through
implementation of analytical programme are listed in
Table-2 that include nozzle dimensions and four
important performance parameters. The coordinates
along the aerospike wall and Mach number at the

Table-2: Aerospike Design Output Parameters

Parameter Value Units
Exit Mach 4.16 -
Area Ratio 12.35 -
Exit Height 2 in
Wall Length 8 in
Exit Pressure 1.6 psi
Thrust Coefficient 1.56 -
Thrust 151.06 Ibs
Mass Flow Rate 0 slugs/s
Specific Impulse 231 S
Ideal Exhaust Velocity 7,327 ft/s

coordinates are plotted in Figure-3. Whereas, plots
given in Figure-4 show the original design code
outputs defining the nozzle wall contour in Ibs/in’ (psi),
temperature profile in Rankine (R), and density profile
in slugs/feet’ (slugs/ft’) along the nozzle wall.

Also acquired from the design code are the values of
thrust coefficient for various nozzle pressure ratios
(NPR), i.e., p/p... below and above the design value
of NPR, which is 187.5 @ 51,000 ft. The graphical
relationis plotted in Figure-5.
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Figure-4: Velocity, Pressure, Temperature and Density Profiles from Analytical Code

4. NUMERICALAPPROACH

The Computational Fluid Dynamics (CFD) commercial
tool was used to perform the numerical analysis of the
flow through analysis domain. The given flow
parameters were used as inflow boundary conditions
for the exhaust flow while the ambient pressure was

set as the operating condition for each simulation. The
model employed first order upwind discretization
scheme based on finite difference to solve hyperbolic
partial differential equations. The governing equations
for the analysis were compressible, two dimensional
(2D) and inviscid Euler equations. Thus, the effects
due to a thin and attached boundary layer were
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Figure-5: Thrust Coefficient vs. Nozzle Pressure Ratio

Table-3: Solution Method/Controls for CFD

Characteristic Value
Model Inviscid (Euler)
Solver Type Density-based
Time State Steady
2D Space Planar
Fluid Calorically Perfect Gas (Y =1.4)
Formulation Approach Implicit
Discretization Scheme First Order Upwind
Courant Number 0.3~1.2
Residuals Absolute Criteria 1.00E-04
neglected, which is justifiable for a case, where the E = Total energy per unitvolume
pressure based inertial forces were effectively u = Fluid velocity componentin x direction
dominant, with a highly favorable pressure gradient of p = Pressure
the nozzle exhaust flow. Solution method and control
features adopted for the numerical analysis are
tabulated in Table-3. Y (u 0 (19)
The set of equation from 19 to 21 depict a conservative u
form of Euler equations, where; 5 ((Cu) uy poO (20)

Figure-6: 2D Mesh Model of the Linear Aerospike
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Figure-9: Computational Fluid Dynamics Contours
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—ItE (u(E p) O (21)

0 = Density

To perform the CFD analysis, an input file and a grid
generation for the software are essential
requirements. The input code created using a Journal
file (.jou) format, which contains all database related
commands executed while creating a specific model.
It also contains all the details of initial/boundary
conditions and settings for the CFD analysis.

(a) Mach number

(c) Pressure (psi)

(e) Density (slug/ft®)

4.1 Analysis

Selected meshing module from a commercial software
was used to create a detailed structured 2D mesh
model of the Aerospike assembly comprising cowl,
throat, and the full-length spike (nozzle wall), as
shown in Figure-6. The mesh used over the 2D model
kept significantly finer over the throat and spike to
produce improved computational resolution in this
area of interest. Multiple grids with increasing cell
density with respect to the nodes near the throat and
spike region were generated to check for grid-
independence in the solution, i.e., no significant

(b) Velocity (ft/s)

*
&

(d) Temperature (R)

(f) Stream Function (kg/s)

Figure-10: Computational Fluid Dynamics Contours
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Table-4: Results Comparison

Parameters Analytical| Numerical %
Exit Mach No 4.16 3.46 83.17
Exit Velocity (m/s) 2,233.50 | 2,235.42 | 100.01
Exit Pressure (Pa) 11,028.11 | 9,256.52 | 83.93
Exit Temperature (K) 710 958 138.7
Exit Density (kg/m°) 0.054 0.038 | 70.37
Area Ratio 12.35 12.7 102.8
Mass Flow Rate (kg/s) 4.55 4.86 106.8
Specific Impulse (s) 231 219 94.8
Ideal Exhaust Vel (m/s) | 2,233.50 | 2,158.60 96.6
Thrust (N/m) 667.2 625.4 93.7

(a) Sea level (NPR=20)

(b) 10,000 ft (NPR=35)

(c) 25,000 ft (NPR=55)

(e) 45,000 ft (NPR=110)
Figure-11: Mach Number Contours at Different Altitudes

(d) 30,000 ft (NPR=70)

(f) 60,000 ft (NPR=225)
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Figure-12: Numerical Flow Profiles

variation in results with increasing cell density.

A code in Glyph file (.glf) format is designed to create
several meshesin avery shorttime. The code is based
on tool command language, which allows access to
the commands and entities of the used software
application. Figure-7 graphically shows the total
number of cells for different grids generated via this
process and the maximum value of Mach number
obtained from their CFD contours inside the relevant
domain as an indication of acceptable grid
independence. (The percentage difference in the
highest Mach number observed in the Mach number
contour between the final two grids is a 0.25%
increase, which is an acceptable value). Moreover, the

flow path trend between any two grids remained
completely unchanged, therefore, it is said that a fine
grid independence of the solution was achieved,
though with more room for improvement. The authors
predict that until an infinitely refined mesh is achieved,
numerical dissipation, is likely to generate
discontinuities.

4.2 Results

In case of valid and reasonable CFD solution, the
analysis is expected to converge in addition to being
grid independent as discussed above. The residuals
for multiple CFD runs showed good convergence from
after 8,000 to even 38,000 cycles. A part of a typical
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Figure-13: Numerical Flow Profiles

CFD residuals plot for the Euler equations is shown in
Figure-8. Results acquired from CFD analysis are
plotted in Figure-9 to Figure-11 simulated at the design
NPR. Mach number contour plots obtained from CFD
analysis at different altitudes and NPRs are plotted in
Figure-11. The phenomena of over expansion at lower
altitudes/NPR and under expansion at higher
altitudes/NPR can be clearly seeninthese plots.

Flow properties such as Mach number, velocity,
pressure, temperature, density and entropy computed
along the nozzle wall or spike through CFD analysis at
design NPR of 187.5 and altitude of 51,000 ft is plotted
in Figure-12. Whereas, total pressure, total
temperature and specific heat ratios acquired at same
parameters are plotted in Figure-13.

Furthermore, the net mass flow rate foranozzle of 1 m
(i.e., 39.37 in) depth by the CFD analysis was

computed to be 0.0052 kg/s, which translates into a
valid result.

5. COMPARISON OF RESULTS

The CFD simulations revealed that the exhaust flow
exiting the thruster or nozzle throat was approximately
independent of the ambient pressure as predicted by
the analytical results. Analytical design code outputs
including the flow properties at exit plane and the four
important performance parameters are compared with
CFD results in atabular form at Table-4. The readers of
the paper can clearly note a close similarity between
the analytical predictions and numerical solution given
the simplicity of the design code utilized and the CFD
simulation model chosen. This result would certainly
lead one to endorse the applicability and usefulness of
the simple approximate method for such a supersonic
nozzle contour design.
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Figure-14: Comparison of Analytical & Numerical Profiles

Though the viscous effects were neglected, the
velocity achieved at the exit through CFD is very close
to the value predicted by the design programme. This
was compromised by the larger mass flow rate through
the exit plane and lower specific impulse and thus a
slightly lower thrust for a unit depth nozzle.

Acomparison of the flow properties acquired both from

analytical and numerical results in Sl units are plotted
in Figure-14. A relatively lower Mach number due to
the somewhat higher exit temperature (numerical
entropy generation) should not leave the readers in
much doubt because the actual numerical exit velocity
compensates for it. The reason for this increase of
temperature, and pressure, is the generation of shock
waves due to numerical dissipation in the CFD
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solution. However, the readers should note the
adequate resemblance in each of the physical contour
lines along the spike length shown in the contour plots
of numerical analysis from Figure-10 and Figure-11,
which shows the ideal expansion wave characteristics
emanating from the thruster exit. This is only in
accordance with the theory that along the
characteristic lines of expansion waves, the flow
properties are indeed continuous. Not to forget that the
approximately constant total pressure, total
temperature and entropy contours along the spike
length in Figure-9 respectively, do satisfy the validity of
the isentropic assumptions.

6. CONCLUSIONS

The main purpose of this research was to investigate a
quick simple model for a linear aerospike nozzle
design from aerodynamic concept. The model
includes predictions of nozzle shape, flow properties
along the nozzle wall and the four performance
parameters at a design condition. The second
important step was to prepare a mesh model for the
generated contour to and simulate the flow with similar
initial and boundary conditions as given and obtained
from the design programme. It was observed that the
results from the analytical concepts coincided with the
numerical tool, thus showing that the proposed
approach can be a useful initial/preliminary/simplified
engineering path for aerospike rocket design. The
main limitation of the research is that, however the
analytical code assumed isentropic continuous flow,
expansion-shock interaction was seen in numerical
results. One of the reasons for their generation could
be numerical dissipation (or “artificial viscosity”), but
the simple numerical tool used, does not offer shock
detection or filter techniques. This can be addressed
by employing a highly refined mesh, more advanced
CFD software, and more sophisticated solution
controls. In case of the experimental data availability,
the reliability of the approach may be further validated
to realize the development of a propulsion system
capable of making its place in reusable future launch
vehicles.
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EFFECT OF EDTA ON ARSENIC PHYTOEXTRACTION

BY ARUNDO DONAX L.

ABSTRACT

Ligand assisted metal uptake by plants is recent trend
in environmental clean-up. Arundo donax L. has been
demonstrated as a suitable bioresource for the
phytoextraction of arsenic recently. A. donax L. plants
were grown in arsenic contaminated soil with doses (5
and 10 mg kg™) of Ethylene Diamine Tetra Acetic Acid
(EDTA) to investigate chelator-assisted
phytoextraction. The arsenic treatments included
control (no metal) and five doses of arsenic, i.e., 50,
100, 300, 600 and 1000 g kg'. The arsenic
concentrations linearly increased in parts of plant with
the increasing arsenic and EDTA in growth medium.
Ligand addition also resulted in the increased arsenic
accumulation in the shoot over its control plants. EDTA
addition @ 5 mg kg™ to the treatment system may
effectively increase the arsenic uptake by A. donax
without severe growth suppression.

Keywords: Arsenic, Arundo donax, EDTA, ligands,
giantreed, soil toxicity

1. INTRODUCTION

Arsenic has been detected in almost all geographical
regions and circulates in the atmosphere,
hydrosphere, lithosphere and biological systems. It
exists in a variety of chemical forms possessing
variable mobility, bioavailability and toxicity (Su, et al.,
2009). Arsenic contamination of water, soil and crops
is continuously increasing in many regions of the world
(Tripathi, etal., 2007;Verbrugen, et al., 2009). Its long-
term exposure causes a variety of diseases, including
skin lesions, cancer and diabetes, affecting millions of
people around the globe (Raab, et al., 2007; Zhu and
Rosen, 2009). Due to its chronic toxic effect on human
life, the maximum contaminant level (MCL) of arsenic
has been reduced to 10 pg L™ from 50 ug L™ by US
Environment Protection Agency (USEPA).

Plants are effective in removing metals from growth
medium, and phytoremediation has recently emerged
as green technology (Mudgal, et al., 2010; Kausar, et
al., 2012). The phenomenon is environment friendly,
safe, cost effective and provides the possibility of
harvesting the plants for the extraction of absorbed
metal. For effective phytoremediation, metal-tolerant
plant species capable of accumulating high metal
content and fast-growing plant species capable of
growth in diverse habitats is recommended (Skinner,
et al., 2007). Arundo donax L. is a fast growing plant
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species with an efficient biomass production that may
be highly desirable for phytoremediation of metals.

In spite of high arsenic concentrations in soils, only a
fraction is found bioavailable for plant uptake, the bulk
is commonly found as insoluble and remain
unavailable for absorption by hyperaccumulating
plants. To increase the mobility and bioavailability of
heavy metals, various chelators such as EDTA,
Diethylene Trinitrilo Pentaacetic Acid (DTPA), Nitrilo
Triacetic Acid (NTA), and citric acid, are used. EDTA
has been found as most effective ligand (Benavides,
2007; Islam, et al., 2008; Dan, et al., 2008; Wang, et
al., 2009). Therefore, researchers are concentrating
their efforts on increasing the solubility and
phytoavailability of arsenic, and on the subsequent
translocation from the roots to the shoots. In the past
decade, chelate-enhanced phytoremediation has
received much attention in the scientific community.
This technique aims to clean arsenic-polluted soils by
solubilizing and allowing it to get accumulated in plants
(Mroczek, 2005; Rahman, et al., 2008). The
application of chelators like EDTA has been suggested
to ameliorate metal toxicity in plants (Dan, et al.,
2008). Use of ligands enhances heavy metals
solubility (Wu, et al., 2004), uptake, and translocation
to aboveground parts (Saifullah, etal., 2009). A. donax
can grow in different environments with spacious
ranges of pH, salinity, drought and trace metals
without any symptoms of stresses, and can easily
adapt to different ecological conditions and grow in all
types of soils (Sabeen, M., et al., 2013). There is still
lack of knowledge on the responses of the plant
against arsenic in the presence of chelating agent like
EDTA.

In the present study, the effect of EDTA along with
arsenic was studied at different concentrations in
order to investigate the appropriate chelator dose and
method of application for chelator assisted
phytoextraction of arsenic by A. donax L. from
contaminated soil.

2. MATERIALS AND METHODS

2.1 Plant Material

The plant material was collected from a wetland near
Haripur city of Pakistan. The plant collection and

growth was accomplished by procedure adopted by
Mirza, etal. (2010a).

* Department of Environmental Sciences, COMSATS Institute of Information Technology (CIIT), Abbottabad, Pakistan.
'Email: mahmoodzju@gmail.com ** Department of Chemistry, CIIT, Abbottabad, Pakistan
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2.2 Arsenic Treatment

The experiment was laid out in randomized complete
block design (RCBD) with three replicates. The
treatments included control (no metal or EDTA) and
five doses of arsenic, i.e., 50, 100, 300, 600 and 1000
ug kg®'. Another two sets included similar arsenic
treatments but in addition to that two doses of EDTA @
5and 10 mg kg™ . The EDTA dose selection, method of
application and handling was according to Dan, et al.
(2008). The physicochemical properties of the soil
were: loamy soil, with pH and organic matter content of
6.23 and 0.93%, respectively.

2.3 Phytoextraction Ability
The phytoextraction ability of A. donax L. plants was

assessed using both the bioaccumulation factor (BF)
and the translocation factor (TF) as follows:

As plants
BF o PO @)
As solution
As Shoot
— (2
As Root

2.4 Arsenic Analysis

Arsenic in the soil and plant parts was determined
through colorimetric method using UV-
Spectrophotometer at 840 nm (Bigham, 1996).

2.5 Biomass Production/Yield Data

Various growth parameters of A. donax L. studied
under arsenic stress included plant height; number of
leaves per plant; number of nodes per plant; average
root length; and toxicity symptoms prior to and after
the arsenic treatments. The average values of these
parameters before treatments have been presented in
Table-1.

3. RESULTS
3.1 Arsenic Contentin Plant Parts and Soil

The results of the various arsenic concentrations
determined in the soil and different plant parts under
various arsenic and EDTA treatments are presented in
Figures 1to 3.

The total arsenic concentrations in various plant parts
had linear relationship with the increasing applied
arsenic concentrations (Figure-1). However, the
arsenic accumulation under EDTA addition was
significantly higher than those without EDTA (Figures
2&3). The maximum arsenic accumulation occurred in
the leaves at highest arsenic treatment (1000 g kg™
compared to other organs. Decrease in the soll
arsenic concentration was pronounced for all applied
arsenic treatments of 10 mg kg* EDTA (Figure-3).
Significant difference was noted for arsenic
accumulation in various plant parts of A. donax L. at 5
mg kg™ of EDTA compared to control. Except for the
arsenic treatment of 600 g kg™ with 5 mg kg™ EDTA,
the order of arsenic accumulation, at various applied
arsenic and EDTA concentrations was:

Soil < Root < Leaf
3.2 Bioconcentration Factors

The bioaccumulation factor (BF) and translocation
factors (TF) for control and treated plants are shown in
Figure-4. Amarked difference in the BF and TF values
was observed for the arsenic treatment with and
without chelator addition. For all treatments, the
maximum BF value was observed for the arsenic dose
of 1000 g kg* supplied, i.e., 3.1 without chelator
addition, and TF value was 2.1. BF values for same
arsenic treatment with 5 and 10 mg kg™ were 8.1 and
19.3, respectively (Figure-4). The TF values for
arsenic treatments in the presence of ligand were
around 1 for all treatments. For both the EDTA

Table-1: Average Values of Various Morphological Parameters Before Arsenic Treatments

Parameter

Values

Plant Height

18+1 cm

Average root length per plant

15+2 cm

Dry weight of plant parts

25+5 g kg™

No. of nodes per plant

4+2

No. of tillers per treatment

2+1

No. of leaves per plant

4+1
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in Soil and Plant Parts of A. donax L.
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concentrations (5 and 10 mg kg'), arsenic BF toxicity symptoms appeared in plants exposed to 1000
increased till 300 g kg*, decreased at 600 g kg™ but g kg™ which included an appearance of reddish root
then was the highest at 1000 g kg™ (Figure-4). Some tips, red young leaves, and burned necrotic margins of
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Figure-10: Effect of Applied Arsenic and EDTA @ 10 mg kg™ Concentrations on Root Length and No.
of Tillers After 21 Days of Growth in Soil

leaf laminae. leaves and nodes is presented in Figures 5 to 10.
Results show that plant height and root length (cm) are

3.3 Growth Performance of A. donax L significantly affected at arsenic concentrations of 300
g kg*' (Figure-5). Almost all growth related

Growth of the plant in terms of plant height, number of parameters increased up to 600 mg kg™ and then they
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were suppressed at highest supplied arsenic dose in
all cases (Figures 5 to 10). In fact, such growth
responses were noted for both EDTA concentrations.

As compared to control and 5 mg kg’ EDTA, a
pronounced decrease in plant growth and biomass, in
terms of plant height, number of leaves, nodes and
tillers were observed at 10 mg kg™ EDTA (Figures 7 &
8). Interestingly, significant increase in root length was
observed at all arsenic treatments with the addition of
10mg kg™ EDTA (Figures 9 &10).

4. DISCUSSION

Plants absorb toxic metals, they resistant the
contamination, translocate and accumulate into their
body parts, thus help in cleaning soils and water
contamination through phytoremediation (Mudgal, et
al., 2010). It is safe, environment friendly, cost
effective and provides the possibility of harvesting the
plants for the extraction of absorbed contaminants,
which cannot be easily biodegraded for recycling
(Mirza, et al., 2010a; 2010b). Ligand-assisted metal
uptake by plants has only recently been discovered in
the remediation industry. EDTA is a commonly used
ligand which binds with many metals (Dipu, et al.,
2012). The addition of ligands generally proves fruitful
in phytoremediation of metals in contaminated soils.
Rhizosphere microbes and ligands can enhance
metal uptake and accumulation through metal
availability in the rhizosphere (Chen and Cutright,
2002). Ligands, especially EDTA, have been widely
used in agriculture as an additive in micronutrient
fertilizers worldwide (Wallace, et al., 1992).

It was observed that the plant growth was promising
when 5 mg kg* EDTA was added along arsenic
treatments. Consequently, tissue arsenic significantly
increased; however, the increase was more
pronounced at 10 mg kg® EDTA. The current
observations were in disagreement with Wang, et al.
(2009) and Dan, et al. (2008).

The addition of chelating agents like EDTA increased
the capacity of the plants to absorb the heavy metals;
simultaneously, the bioconcentration factor (BCF) was
also increased. Wang, et al. (2002) indicated that
chelator addition could increase the concentration of
available heavy metals in the soil, hence their addition
may affect the plant growth, and chelators at higher
concentrations could also be toxic to the plants.
Considering economic expenditure and potential
environmental risks, chelator-assisted
phytoextraction might be more suitable for arsenic

contaminated soils.

Many researchers (Hall, 2002; Sridokchan, et al.,
2005; Verbruggen, et al., 2009; Zhao, et al., 2009)
demonstrated that the plants adopt strategy to avoid,
build excess metal levels in the cytosol, and thus
prevent the appearance of toxicity symptoms. More
than one mechanism could be involved in reducing
specific metal toxicity with the plant. Tolerance
development may also involve plasma membrane,
i.e., by stimulating the efflux of metals once having
entered into cytosol. Protoplast exhibits a variety of
tolerance mechanisms, such as repair of stress
damage proteins (heat shock protein),
metallothioneins, chelation of metal by organic acids,
amino acids or peptides or their compartmentation
away from metabolic processes by transporting it to
the vacuole. The final step in detoxification is
sequestration of arsenic in the vacuoles of root and
shoottissue, and itis believed that, in analogy to yeast,
this might be in the form of As(lll)-thiol complexes
(Dhankher, 2005; Bleeker, et al., 2006) although no
evidence of its occurrence in plants has been found till
yet. But recent research on hyperaccumulating and
tolerant species showed that vacuoles of P. vittata, P.
cretica and H. lanatus contain large concentrations of
inorganic As(lll) (Ellis, et al., 2006; Pickering, et al.,
2006; Tripathi, et al., 2007). Thus, in order to minimize
the arsenic load, the reduction of As(V) within the
plant, coupled with chelation and sequestration of
As(lll), may result in increased retention of the arsenic
in the aerial plant plants and ultimately exclusion
through seasonal leaf drop (Tripathi, et al., 2007).
Although, higher arsenic accumulation occurred in
plants grown in EDTA concentration of 10 mg kg™, the
appearance of toxicity symptoms along suppressed
growth at higher arsenic content suggested that it may
be safer to use EDTA at the rate of 5 mg kg for
effective arsenic uptake and lesser damage to A.
donaxL.

Plant uptake and metabolism of arsenic has been
reviewed by Quaghebeur and Rengel (2005) and
others (Sridokchan, et al., 2005; Tripathi, et al., 2007,
Zhu and Rosen, 2009; Zhao, et al., 2009). In order to
understand the bioaccumulation, transformation and
translocation behaviors of arsenic within plant system,
it is important to understand two inorganic oxidation
states of arsenic, arsenite and arsenate. In soil-plant
water system, both the states transform and are inter-
convertible depending on the redox status of the
environment; metabolic pathway is still not fully
revealed but arsenite reduction results in arsenate
formation (Mark, etal., 2007).

46 A scientific journal of COMSATS — SCIENCE VISION  Vol.20 No.2 (July to December 2014)



Nosheen Mirza, Arshid Pervez, Qaisar Makmood, Mohammad Maroof Shak ¢ Umar Farooq

5. CONCLUSIONS

The results show that A. donax has ability to tolerate
arsenic concentrations (300 to 750 g kg™) with both
ligand concentrations. The addition of EDTA to the
treatment increased plant uptake of arsenic. Although,
there is higher arsenic accumulation when 10 mg kg™
EDTA is used, but plants show toxicity symptoms. In
view of environmental contamination of EDTA and to
avoid metal toxicity to plant, the addition of EDTA @ 5
mg kg™ is recommended.
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Effect of Ceramic Nanocomposite Supports on Catalytic Activity of Platinum Catalysts for Fuel Cells
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has also much higher rate constant than Pt/C catalysts
which are normal commercial catalysts. Here, in rate
constants, it is also shown that composite catalysts
are much better than the commercial catalysts.

3.6 Durability of Catalysts in Basic Medium

Figures 7 and 8 show durability of the catalysts in
terms of specific activity (l,) obtained for 1M CH,OH +
1M KOH at scan rate 50 mV.s™ for fifty numbers of
cycles in a single run. After each cycle, the value of
specific activity increased in basic medium because
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the catalyst becomes more and more active and less
poisoning occurs in basic medium. Catalytic activity of
Pt/TiO,-C continued increasing with use of the
catalyst. Initially, it increased rapidly and then
gradually. However, in case of Pt/C catalyst the
catalytic activity slightly increased only up to four
cycles, then decreased up to fifty cycles due to catalyst
poisoning. Catalytic activity of Pt/TiO, was very low as
compared to other catalysts. Nearly similar is the case
for alumina catalysts.

Therefore, it is concluded that Pt-NPs loaded on
ceramic hybrid support are more durable than Pt on
carbon. Some more durability in the case of
Pt/Ceramic-carbon nanocomposite may be due to
greater concentration of hydroxyl groups adsorbed on
the surface of ceramic, which can easily donate active
oxygen to CO-poisoned catalyst. This is how ceramics
in support give not only an enhanced activity but also
the better durability of catalysts. It is implied that
Pt/TiO,-C and Pt/Al,O,-catalysts are very promising for
portable applications in direct methanol fuel cells and
proton-exchange membrane fuel cells in alkaline
media.

4. CONCLUSIONS

Catalysts are the most costly and important
constituents for the development of fuel cells.
Normally available commercial catalysts supported on
carbon suffer from carbon corrosion, and
consequently cause degradation of fuel cells. Efficient
and durable catalysts are necessary for better
operation of fuel cells. Ceramic promoted
nanocomposite catalysts were synthesized and
characterized. Titania-carbon composite supported
platinum catalyst was the most efficient and durable as
compared to titania alone and carbon supported
platinum catalysts. Similarly, alumina supported
nanocomposite platinum catalyst was more efficient
and stable than alumina alone and carbon supported
catalysts. Titania is slightly better than the alumina
supported catalysts. From the above discussion, it can
be concluded that the inclusion of ceramic in support
improved efficiency, catalytic activity and durability of
Pt/Ceramic-C nanocomposite and can help in the
commercialization of polymer electrolyte membrane
fuel cells.
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