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Plant Derived Edible Vaccines

Abstract
Vaccines have been one of the most far-

reaching and important public health initiatives of
the 20th century.  Edible vaccine, in particular,
might overcome some of the difficult of
production, distribution and delivery associated
with traditional vaccine. Transgenic potatoes
expressing LT-B were found to induce both serum
and secretory antibodies when fed to mice, these
protective in bacterial toxin assays in vitro. This
is the first proof of concept for the edible vaccine.
The selection of a plant system for delivery of
edible vaccines for human has been addressed.
Recognising that it is necessary to express the
desired protein in a food that is consumed raw
(to avoid denaturation of the candidate vaccine
protein), a system to transform banana plant has
been developed. The expression of candidate
vaccines in banana fruit will be dependant upon
identification of suitable specific promoter to drive
the desired gene expression. The concept of edible
vaccine got impetus after Arntzen and co-workers
expressed hepatitis B surface antigen in tobacco.
Strategies for expression of foreign genes in high
amounts in plants include use of strong and organ
specific promoters targeting of the protein into
endoplasmic reticulum by incorporating ER-
targeting and ER-retention signals, creation of
optimized translation start site context as well as
alleviation of codons to suit the expression of
prokaryotic genes in a plant. Retention of heat
labile E.coli enterotoxin in ER of potato by using
ER-retention signal has been reported to elevate
the expression levels of the recombinant protein.

Molecular farming of Plant Derived Edible Vaccines

D.K.Das
Post Graduate Department of Biotechnology

T. M.Bhagalpur University, Bhagalpur-812007, India
 For correspondence - dilipdas@hotmail.com

Cholera toxin, which is very similar to E.coli LT,
has also been expressed in plants generated
tobacco plants expressing CT-A or CT-B subunits
of the toxin. Hepatitis B surface antigen (HBsAG)
has been reported to accumulate to 0.01% of
soluble protein level in transgenic tobacco. Edible
vaccine offer exciting possibilities for significantly
reducing the burden of diseases like hepatitis and
diarrhoea, particularly in the developing world
storing and administering vaccines are often major
problems. NIAID have shown for the first time
that an edible vaccine can safely trigger significant
immune responses in people. Antibodies raised
to the H protein after infection with the wild type
measles virus (MV) have MV-neutralizing activity
and correlate with immunological proteins. Recent
studies have shown that mammalian protein can
be expressed to high levels in transgenic rice.

Key words - Edible vaccine, Antibodies,
Enterotoxin, Surface antigen, Cholera toxin

Introduction
Vaccines are primary tools in programmes

for health intervention for both humans and
animals. They would be more widely used
especially in developing countries. It would be
helpful for human society if cost of production
could be reduced and they could be distributed
without refrigeration. Vaccines couldn’t be very
popular because of unavailability of electricity for
its storage in remotest area in developing countries.
Vaccines and antibodies play a key role in
healthcare. However, the cost of production and
maintaining a chain for vaccine distribution has
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so far hampered realizing their full potential.
Expression of antigens as vaccines and of
antibodies against antigens of pathogens in
transgenic plants is a convenient and inexpensive
source for these immunotherapeutic molecules.
Research underway is dedicated to solving these
limitations by finding way to produce oral (edible)
vaccines in transgenic plants. Edible vaccines can
be produced by transgenic plants in large amount
and cost will be also cheap and no problem of
refrigeration and all section of people can afford
to buy it for remedy of a large number of diseases
Hepatitis B virus (HBV) infection is probably the
single most important cause of persistent viremia
in humans. The disease is characterized by acute
and chronic hepatitis, which can also initiate
hepatocellular carcinoma. The prevalence of the
disease in developing countries justified initial
efforts to express HBV candidate vaccines in
plants. Currently two forms of HBV vaccines
are available, both of which are injectable and
expensive- one purified from the serum of infected
individuals and the other a recombinant antigen
expressed and purified from yeast. This antigen
has already been entered in transgenic plant either
through Agrobacterium mediated transformation
or Particle gun bombardment (Biolistics) (38)  and
encoding the hepatitis B surface antigen
(HBsAg); this is the same antigen used in the
commercial yeast-derived vaccine. An antigenic
spherical particle was recovered from these plants
which is analogous to the recombinant hepatitis
surface antigen (HBsAg) derived from yeast.
Parenteral immunization of mice with the plant–
derived material has demonstrated that it retains
both B and T-cell epitopes, as compared to the
commercial vaccine.

Diarrhoeal disease causes up to 10 million
deaths per year in the developing world, primarily
among children. Relatively little research to
prevent these diseases is underway, as they
represent more of a nuisance than a severe
problem in developed countries. Studies supported

by the World Health Organization have
demonstrated an effective vaccine for cholera,
which provides cross protection against
enterotoxic Escherichia coli. This vaccine is not
available, however, in large part due to cost of
production of the bacterial toxin protein which is
a component of its formulation.

To address this limitation, plants were
transformed with the gene encoding the B subunit
of the E.coli heat labile enterotoxin (LT-B).
Transgenic potatoes expressing LT-B were found
to induce both serum and secretory antibodies
when fed to mice; these protective in bacterial
toxin assays in vitro. This is the first “proof of
concept” for the edible vaccine.

The selection of a plant system for delivery
of edible vaccines for humans has been addressed.
Recognizing that it is necessary to express the
desired protein in a food that is consumed raw
(to avoid denaturation of the candidate vaccine
protein), a system to transform banana plants has
been developed. The expression of candidate
vaccines in banana fruit will be dependent upon
identification of suitable specific promoter to drive
the desired gene expression. Research to find
these genetic regulatory elements are now
underway.

Edible vaccine research is currently directed
at human diseases, with a special emphasis on
the developing world. The technology will also
have immediate value for the production of
inexpensive vaccines as food additives for
agricultural animals. Since various plant tissues
are fed to animals, other plants such as alfalfa,
maize and wheat could be valuable vehicles to
deliver vaccines (and perhaps pharmaceuticals)
for the betterment of animal health.

Recent progress in the area of transgenic
plants has however, once again attracted attention
of the scientists, and plants are being looked upon
as potential bio-reactors or bio-factories for the
production of immunotherapeutic molecules. In
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1989 firstly Hiatt and co-workers attempted to
produce antibodies in plants which could serve
the purpose of passive immunisation but it was
appeared in 1990 in the form of patent application
(38), the concept of edible vaccine got impetus
after Arntzen and co-workers expressed hepatitis
B surface antigen in tobacco in 1992 to produce
immunologically active ingredient via genetic
engineering of plants. This generated a good deal
of excitement among biotechnologists, particularly
in light of the potential of edible vaccines and
antibodies for immunotherapy for countries like
India. Various strategies for expression of foreign
genes in high amounts in plants include use of
strong and organ specific plant promoters,
targeting of the protein into endoplasmic reticulum
(ER) by incorporating ER-targeting and ER-
retention signals, creation of optimized translation
start site context as well as alteration of codons
to suit the expression of prokaryotic genes in a
plant (19 & 66). Though promoters of genes, like
maize ubiquitin and rice actin, have been reported
to direct high level of expression in monocots, the
35S promoter of cauliflower mosaic virus remains
the promoter of choice for dicots (55). Targeting
of the protein to appropriate cellular compartment
may be helpful in stabilizing the protein. Retention
of heat labile E.coli enterotoxin in ER of potato
by using ER-retention signal has been reported
to elevate the expression levels of the
recombinant protein (22). Though signals for
membrane targeting , protein folding,
oligomerization and N-glycosylation are highly
conserved in animals and plants (13), while
expressing bacterial proteins targeted to ER, it is
important to consider the sequence of a signal
peptide for targeting to periplasmic space in
bacterium may not be equally efficient in plants.
Substitution of signal peptide of bacterial origin
with a plant specific ER-targeting sequence was
observed to dramatically increase the
glycosylation and secretion efficiency of chitinase
(34). For production of edible vaccines or
antibodies, it is desirable to select a plant whose

products are consumed raw to avoid degradation
during cooking. Thus, plants like tomato, banana
and cucumbers are generally the plants of choice.
While expression of a gene that is stably integrated
into the genome allows maintenance of the
material in the form of seeds, some virus based
vectors can also be used to express the gene
transiently to develop the products in a short
period. This may have the additional advantage
of allowing expression of the product at very high
level; not always attainable in transgenic systems.
While plant system may have the capability of
producing any vaccine in large amounts and in a
less expensive manner, purification of the product
may require the use of existing or even more
cumbersome procedures. Attention therefore has
been paid to mainly those antigens that stimulate
mucosal immune system to produce secretory
IgA (S-IgA) at mucosal surfaces, such as gut
and respiratory epithelia. In general, a mucosal
response is achieved more effectively by oral
instead of parenteral delivery of the antigen. Thus,
an antigen produced in the edible part of a plant
can serve as a vaccine against several infectious
agents which invade epithelial membranes. These
include bacteria and viruses transmitted via
contaminated food or water, and resulting in
diseases like diarrhoea and whooping cough. The
first report of the production of edible vaccine (a
surface protein Streptococcus) in tobacco, at
0.02% of total leaf protein level appeared in 1990
in the form of a patent application published under
the International Patent Cooperation Treaty (37).
Subsequently, a number of attempts were made
to express various antigens in plants. Hein is one
of handful researchers using the tools of
bioengineering to transform ordinary fruits and
vegetables into botanical cargo vessels that carry
life saving vaccines. Edible vaccines promise to
be an affordable and safe way for people in even
the most poverty stricken parts of the world to
protect themselves against disease. Normal
vaccines need for refrigeration and purified serum,
hypodermic needles, or even trained medical
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professional to distribute and oversee vaccinations
but these conditions are not required for edible
vaccines. The goal is to give people in developing
countries the genetically engineered seeds that
will sprout edible vaccines. “Every culture on this
planet raises food” explains Hein. “This can
provide developing countries with a stable vaccine
source because it will be genetically coded into
the food”. Using recombinant DNA technology,
researchers can now isolate the genes—called
antigens—that mobilize our natural defences. But
impregnating plants with these antigens requires
an impressive bit of molecular legerdemain. At
Scrips Research Institute, for instance, the antigen

is snipped off the deadly cholera pathogen. Then
it is inserted into the cells of a bacterium that
causes a plant disease called crown gall. The
alfalfa plants are infected with these transgenic
crown gall organisms, which can penetrate the
plant’s cell walls. The plant cells containing the
foreign genes are then cultured in a Petri dish
until they are mature enough to be transplanted.
The next step is to test the potency of the antigens
in plants raised in the field, outside of the cloistered
laboratory. “We’ve just harvested this crop of
alfalfa” says Hein, who’s in the midst of measuring
its antigen level and feed this transgenic grain to
mice (64, 39 & 40, 24, 1,2 & 3, 48, 8, 21, 4). .

Table 1. Antigens produced in transgenic plants

Protein Plant
Hepatitis B surface antigen Tobacco
Rabies virus glycoprotein Tomato
Norwalk virus capsid protein Tobacco
E.coli heat-labile enterotoxin B subunit Potato
Cholera toxin B subunit Potato, tobacco
Mouse glutamate decarboxylase Potato
VP1 protein of foot and mouth disease virus Arabidopsis
Insulin Potato
Glycoprotein swine-transmissible gastroenteritis Arabidopsis
cornavirus

         Since acute watery diarrhoea is caused by
enteroxigenic Escherichia coli and Vibrio
cholerae that colonize the small intestine and
produce one or more enterotoxin (LT-B) in
tobacco and potato (22). The enterotoxin (LT)
from E.coli is a multimeric protein, quite similar
to cholera toxin (CT) structurally, functionally and
antigenically. LT has one A subunit (27 kDa) and
a pentamer of B subunits (11.6 kDa). Binding of
the non-toxic LT-B pentamer to GM1 gangliosides,
present on epithelial cell surfaces, allows entry
of the toxin LT-A subunits into the cells. LT-B
and CT-B are both potent oral immunogens. An
oral vaccine composed of the cholera toxin–B
subunit (CT-B) with killed Vibrio cholera cells

has been reported to give significant level of
protection against cholera (59). But the cost of
production of CT-B by conventional methods is
too high to allow distribution of this vaccine. The
recombinant LT-B (rLT-B) produced in tobacco
and potato showed partial pentamerization after
the engineering of subunit gene in a way that
allowed retention of the protein in microsomal
vesicles. On testing immunogenicity of rLT-B by
feeding potato tubers to mice, both humoral and
mucosal immune responses were reported to be
stimulated. This vaccine has gone through pre-
clinical trials in humans. The antigenic protein
retained its immunogenicity after purification from
the transgenic potato expressing it (60). Fourteen
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healthy individuals, who ate 50-100 g    raw
potatoes, were screened for gut-derived antibody
secreting cells, which were detectable 7-10 days
after immunization. Presence of both anti-LT IgA-
secreting cells and anti-LT IgG-secreting cells
was detected in the peripheral blood.

Cholera toxin, which is very similar to E.coli
LT, has also been expressed in plants (24),
generated tobacco plants expressing CT-A or CT-
B subunits of the toxin. CT-A produced in plant
was not cleaved into A1 and A2 subunits, which
happens in epithelial cells. Plants expressing CT-
B showed the presence of a protein that migrated
to the same position in denaturing gel as the CT-
B derived from V.cholerae, and was recognised
by mouse anti-CT-B antibody. Cholera toxin-B
subunit, when expressed in potato, was processed
in a natural way; the pentameric form (the
naturally occurring form) being the abundant form.
Antigenically it was found to be similar to the
bacterial protein. Even after boiling transgenic
potato tubers till they became soft, approximately
50% of the CT-B was present in the pentameric
GM1 ganglioside binding form (1, 2).

Similarly, a rabies virus coat glycoprotein
gene has been expressed in tomato plants (48).
The protein that was expressed had molecular
mass of 62 kDa. Since the orally administered
protein elicited protected immunity in animals, it
was expected that continued efforts would lead
to development of an edible oral vaccine against
rabies which could be used as a preventive
strategy.

The Hepatitis B surface antigen (HBsAG)
has been reported to accumulate to 0.01% of
soluble protein level in transgenic tobacco (37).
The antigens, delivered in a macromolecular form,
are known to survive the gut atmosphere and
perform better. (8) Carrillo et al 1998 expressed
structural protein, VP1, of foot and mouth disease
virus in Arabidopsis. The mouse that was

immunized intra-peritoneally with a leaf extract
elicited immune response to synthetic peptides
carrying various epitopes of VP1, or to complete
VP1. Furthermore, all the mice immunized with
the leaf extract were protected against challenge
with virulent foot and mouth disease virus.

One of the alternative strategies of
producing a plant-based vaccine is to infect the
plants with recombinant viruses carrying the
desired antigen that is to infect the plants with
recombinant viruses carrying the desired antigen
that is fused to viral coat protein. The infected
plants have been reported to produce the desired
fusion protein in large amounts in a short time.
The technique involved either placing the gene
downstream a subgenomic promoter or fusing the
gene with capsid protein that coats the virus
(Table-2). The latter strategy is perhaps the
strategy of choice since fusion proteins in
particulate form are highly immunogenic. Edible
vaccines offer exciting possibilities for significantly
reducing the burden of diseases like hepatitis and
diarrhoea, particularly in the developing world
where storing and administering vaccines are
often major problems. Baltimore, Maryland, April
28, 1998 opening a new era in vaccine delivery,
researchers supported by the National Institute
of Allergy and Infectious diseases (NIAID) have
shown for the first time that an edible vaccine
can safely trigger significant immune responses
in people.

Table 2. Transient production of antigens in plants
after infection with plant viruses expressing a
recombinant gene
Protein Plant Carrier
Influenza antigen Tobacco         TMV
Murine zona pellucida antigen Tobacco TMV
Rabies antigen Spinach           AFMV
HIV-1 antigen Tobacco          AFMV
Mink enteritis virus antigen Black eyed bean     CPMV
Colon cancer antigen        Tobacco TMV

AFMV, alfalfa mosaic virus; TMV, tobacco
mosaic virus; CPMV, cowpea mosaic virus
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The Phase 1 proof of concept trial began
last fall at the University of Maryland, School of
Medicine’s Centre for Vaccine development
under the direction of Carol O. (60). The goal of
the study was to demonstrate that an edible vaccine
could stimulate an immune response in humans.
Volunteers ate bite sized pieces of raw potato
that had been genetically engineered to produce
part of the toxin secreted by the Escherichia coli
bacterium, which causes diarrhoea. It also
showed that transgenic potatoes containing this
segment of the toxin stimulated strong immune
responses in animals. The trial enrolled 14 healthy
adults; 11 were chosen at random to receive the
genetically engineered potatoes and three
received pieces of ordinary potatoes.

The investigators periodically collected blood
and stool samples from the volunteers to evaluate
the vaccine stimulate both systemic and intestinal
immune responses. Ten of the 11 volunteers
(91%) who ingested transgenic potatoes had
fourfold rises in serum antibodies at some point
after immunization, and six of five (the 91%)
developed fourfold rises in intestinal antibodies.
The potatoes were well tolerated and no one
example for serious adverse side effects.
Encouraged by the results of this study, NIAID-
supported scientists are exploring the use of this
technique administering other antigens. Edible
vaccines for other intestinal pathogens are already
in the pipeline- for potatoes and bananas that might
protect against Norwalk virus, a common cause
of diarrhoea, and potatoes and tomatoes that might
protect against Hepatitis B. This first trial is a
map road to creating inexpensive vaccines that
might be particularly useful in immunizing people
in developing countries where high cost and logistic
issues, such as transportation and the need for
certain vaccines to be refrigerated thwart
effective vaccination programmes. The study
nurse at the University of Maryland peeled the
potatoes just before they were eaten, because
potatoes sometimes contains a compound that

imparts a bitter  taste and can cause nausea and
stomach upset. The potatoes then cut into small,
uniform pieces and weighed into 50-gram and 100-
gram doses. Each person received either 50grams
or 100 grams of potato over a three-week period,
0, 7 and 21 days. The dosage size varies evaluate
any side effects from eating raw potatoes. NIAID
is a component of the National Institutes of Health
(NIH). NIAID conducts and supports research
to prevent, diagnose and treat illnesses such as
AIDS and other serious transmitted diseases,
malaria, tuberculosis, asthma and allergies; NIH
is an agency of the U.S. Department and Human
Services. At least 350 genetically engineered
pharmaceutical products are currently developed
in the United States and Canada. This is a
welcome step towards the new world of
molecular farming. Plant based
biopharmaceuticals have also been produced and
expressed (20, 36). Edible vaccine could show
multiple T cell epitopes for oral tolerance against
antigens (25)

In Canada, a genetically engineered tobacco
plant made to produce Interleukin 10 will be tested
to treat viral disease, an intestinal disorder.
Molecular farming uses the science of genetic
engineering to turn ordinary factories for the
production of inexpensive drugs and vaccines.
Researchers at the London Health Science centre,
London, Ontario, Canada are growing potatoes
that have been genetically altered to produce a
special diabetic protein. When the potatoes are
fed to diabetic mice, scientists find that most don’t
develop Type I diabetic as juvenile-onset diabetes.
Scientists believe that the low cost production of
this protein may help the people worldwide
affected by diabetes. In the lab, the new transgenic
potatoes produce large amounts of protein that
suppresses the destructive immune response and
prevents diabetes from developing.

Molecular biologist (42) of the London
Health Sciences Centre developed edible
vaccines to combat autoimmune diseases such
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as multiple sclerosis, rheumatoid arthritis, lupus
and even rejection (8). His team contemplated
that plants are ideal because they can synthesize
and assemble proteins to provide huge quantities
proteins at relatively low cost.

Edible vaccines were first tested on humans
in 1997, when scientists asked volunteers to eat
anti-diarrhoea potatoes produced by the Boyce
Thompson Institute at Cornell University, Ithaca,
NY, USA. After consuming the potatoes
volunteers produced antigens in their bodies just
as if they had received a traditional anti-diarrhoeal
vaccine and they experienced no adverse side
effects. Roswell Park Cancer Institute in Buffalo,
New York also developed edible vaccines in raw
potatoes and foreign proteins (HBsIgA) can help
to cure human being from Hepatitis B virus.
Edible vaccines are currently being developed for
a number of human and animal diseases, including
measles, cholera, foot and mouth disease, and
hepatitis B & C. Many of these diseases are likely
to require booster vaccinations or multiple antigens
to induce and maintain protective immunity. Plants
have the capacity to express more than one
transgene, allowing delivery of multiple antigens
for repeated inoculations (14).    Globally, measles
causes over 800,000 deaths every year (Centres
for Disease Control and Prevention, 1998). Many
other affected people either become deaf or are
weakened by pneumonia or encephalitis. The
vaccine currently available for measles has been
used effectively and safely since the 1960s and
results in 95% seroconversion in individuals who
are over the age of 18 months at the time of
vaccination (15). However, the measles live-
attenuated vaccine (LAV) has no oral efficacy
and is destroyed by heat, so that its distribution
and storage are dependent on maintenance of a
“cold-chain” of refrigeration. Finally, the
effectiveness of the LAV is reduced by the
presence of maternal antibodies (51). These
limitations present a serious challenge to the goal
of measles eradication.

Development of an edible measles
vaccine: The first stage in the development of an
edible vaccine is selecting which antigen to
express. Measles is an enveloped virus with two
major surface proteins- the hemagglutinin (H) and
fusion proteins. Antibodies raised to the H protein
after infection with the wild type measles virus
(MV) have MV-neutralising activity and correlate
with immunological protection (12). The H protein
subunit from the attenuated Edmonston vaccine
strain was therefore selected as the basis for an
edible measles vaccine.

Transgenic plants may be produced by a
number of methods. The most common uses
Agrobacterium tumefaciens, a naturally occurring
soil bacterium, to transfer a small segment of DNA
into the plant genome in a process known as
transformation (Fig 1). Whole plants can then be
regenerated from individual plant cells that have
been successfully transformed. Production of
transgenic plants is species-dependent and can
take three to nine months.  By this method MV-
H gene been successfully expressed in the
experimental model plant tobacco (29). When
given orally to mice, the transgenic plant extract
containing the MV-H antigen induced serum
antibodies that were able to neutralise wild type
MV in vitro, showing that plant-derived MV-H
protein retains its immunogenic. Secretary IgA is
indicative of a mucosal immune response, which
is important for protection against diseases that
establish infection through mucosal surfaces such
as the respiratory tract. Plant can produce a large
amount of recombinant proteins for remedy of
different disease and act as factories (49). Needle
free vaccination programme could be initiated
after the development of rice based mucosal
vaccine (50).Vaccines have been developed in
fruit which can be used during dinner (53 and 4)
and allergic and other immunotherapy could also
be possible (57, 28 and 46).

From model system to practical vaccine-
The next challenge will be to translate this
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technology from a model system into a practical
vaccine. While tobacco is a good model system
for evaluating the production recombinant proteins,
it produces toxic compounds which make it
unsuitable for vaccine delivery. Clinical trials have
shown the induction of immune responses with
antigen expressed in potato and lettuce (61 &
30). Lettuce is a fast growing species suitable
for direct consumption and experimental studies.
Another practical alternative may be rice, which

is commonly used in baby food because of its
low allergenicity. Recent studies have shown that
mammalian proteins can be expressed to high
levels in transgenic rice (58). Furthermore, rice
is easy to store and transport, and protein
expressed in rice grains is stable at room
temperature (58). Rice flour can also be mixed
with baby food, clean water or breast milk for
delivery to infants.
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Modulation of immune response to acquire
immune tolerance

One of the utilities of producing antigens
in plants in large amount is in treatment of
autoimmune diseases like diabetes mellitus which
involve production of antibodies against glutamic
acid decarboxylase (GAD) and insulin, leading to
destruction of insulin-producing pancreatic cells
(17, 65). The antigens targeted for autoimmune
response can be fed to the animals to induce
immune tolerance. However, since the use of
antigens for inducing oral tolerance requires
production in large amounts of the human antigens
that are generally difficult to produce by
conventional means, attempts have been made
to produce such antigens in plants. Insulin (2) and
GAD (45) have been produced in potato and
tobacco, respectively.  To detect the delivery of
plant-synthesized insulin to the gut associated
lymphoid tissue, insulin was linked to cholera- toxin
B subunit. Non-obese diabetic mice which were
fed with the transformed potato tuber tissue
containing microgram level of the recombinant
insulin delayed the progression of clinical diabetes.
Similarly, GAD-producing tobacco plants, given
as a dietary supplement, inhibited the development
of diabetes in the non-obese diabetic mouse.

Expression and assembly of antibodies in
plants

Transgenic plants are also being looked
upon as a source for producing large-scale
antibodies which can serve the purpose of passive
immunization by direct application, in addition to
providing a tool for drug targeting or interactive
inactivation of undesirable molecules (41, 27).
Gene technology has provided great impetus to
the utility of antibodies, since antibody genes can
be altered to order. Thus not only genes coding
for both the light and heavy chains have been
expressed, but modified genes capable of
expressing only Fab fragments (assembled light
chains and shortened heavy chains) or ScFV
(single peptide chains where variable domains of
heavy and light chains are covalently linked by a
short flexible peptide) have also been expressed
in bacteria and mammalian cells (19, 7, 10, 52,
63, 18, 67, 53 & 54, 5, 6, 56, 33, 68) (Table-3).
Murine antibodies have humanized by changing
the constant and framework domains. In addition,
recent technology involving PCR (Polymerase
chain reaction) and phage display allow cloning
and screening of antibodies with suitable avidity
easily.

Table 3. Antibodies and antibody fragments produced in transgenic plants

Antibody Antigen Plant
IgG (k) Transition stage analog Tobacco
IgM (ë) NP(4-hydroxy-3-nitrophenyl) Tobacco

acetyl hapten
Single domain (dAb) Substance P Tobacco
Single chain Fv Phytochrome Tobacco
Single chain Fv Artichoke mottled virus coat protein Tobacco
Fab; IgG (k) Human creatin kinase Arabidopsis
IgG (k) Fungal cutinase Tobacco
IgG (k) and SIgG/A hybrid S. mutagens adhesin Tobacco
Single chain Fv Abscisic acid Tobacco
Single chain Fv Nematode antigen Tobacco
Single chain Fv â-glucuronidase Tobacco

â-1,4 endoglucanase
Single chain antibody fragment Atrazin, Paraquat Tobacco
IgG Glycoprotein B of Herpes simplex virus Soybean
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Transgenic plants not only provide the
means to express antibodies but also enable the
glycosylation and entry into secretory pathway
which allow assembly of complete antibodies and
Fab fragments. Variable fragments (Fv) can be
produced in cytosol, directed to different
compartments and fused with proteins such as
protein A and phosphatase to improve the
detection and purification of single chain Fv
(scFv). In plants, antibody production (1-5% of
total plant protein) has been achieved by cross-
pollination of individually transformed plants
expressing light or heavy chains (29). Other
approaches involve double transformation or
transformation by constructs having genes for
both light and heavy chains on the same vector.
Despite the fact that production of antibodies in
plants takes longer, the low cost of production
and capability of increasing production simply by
increased propagation make plant antibodies an
attractive proposition.

Aiming at therapeutic treatment (14) , have
succeeded in producing multimeric secretory IgA
(SIgA) molecules in plants which represent the
predominant form of immunoglobulin in mucosal
secretions. SIgA not only contains heavy and light
chains but it is also dimerized by a J chain, and
protected from proteolysis by a fourth polypeptide,
the SC. Production of such antibodies in
mammalian cells is very complex because of the
requirement of B cell as well as gut epithelial
cells for the formation of the SIgA. Thus, four
transgenic tobacco plants were produced by
genetic engineering which produced a murine
monoclonal antibody light k chain, the hybrid IgA-
G antibody heavy chain, murine J chain and rabbit
secretory component. A series of sexual crosses
was carried out to allow expression of all the four
proteins simultaneously. The progeny produced
a functional secretory immunoglobulin very
efficiently. This demonstrated the potential of
plants in assembly of antibodies, and the flexibility
of system. Recently, a humanized monoclonal

antibody against glycoprotein B of herpes simplex
virus 2 (HSV-2) has been expressed in soybean.
This antibody was found to possess the same
efficacy for prevention of vaginal HSV-2 infection
in mice and similar stability in human semen as
the antibody expressed in human cell culture (52)
and also plant cell cultures (23).

Topical application of antibodies has already
been shown to control infection by way of passive
immunization. A hybrid monoclonal antibody (IgA/
G), having constant regions of IgG and IgA fused,
has been used successfully against human dental
caries caused by the bacterium Streptococcus
mutans (33).  Ma et al. (1998) compared the
secretory antibody produced in transgenic tobacco
(SIgA/G) and the original mouse IgG. Though both
had similar binding affinity to surface adhesion
protein of S.mutans, SIgA/G survived for three
days in the oral cavity, whereas IgG could survive
for just one day. The plant antibody provided
protection against the colonization of the S.
mutans for at least four months. These results
show that this strategy could be useful for many
other mucosal infections in humans and animals.
Medical molecular farming has been done for the
production of antibodies, biopharmaceuticals and
edible vaccines in plants for immunotherapy (16,
31 and 32). Co-expression of soybean glycinias
A1 aB 1b and A3B4 enhances their accumulation
levels in transgenic rice seeds (62).

Scope for future study
Vaccines have been one of the most far-

reaching and important public health initiatives of
the 20th century. Advancing technology, such as
oral DNA vaccines, intranasal delivery and edible
plant derived vaccines, may lead to a future of
safer and more effective immunization. Edible
vaccines, in particular, might overcome some of
the difficulties of production, distribution and
delivery associated with traditional vaccines.
Significant challenges are still to be overcome
before vaccine crops can become a reality.

Current Trends in Biotechnology and Pharmacy
Vol. 3 (2) 113-127,  April  2009.  ISSN 0973-8916



123

Das et al

However, while access to essential healthcare
remains limited in much of the world and the
scientific community is struggling with complex
diseases such as HIV and malaria, plant derived
vaccines represent an appetising prospect. The
potential advantages of plant based vaccines are
edible means of administration, reduced need for
medical personnel and sterile injection conditions,
economical to mass produce and transport,
reduced dependence on foreign supply, storage
near the site of use, heat stable, eliminating the
need for refrigeration, antigen protection through
bioencapsulation, subunit vaccine (not attenuated
pathogens) means improved safety,
seroconversion in the presence of maternal
antibodies, generation of systemic and mucosal
immunity, enhanced compliance (especially in
children), delivery of multiple antigens, and
integration with other vaccine approaches.
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Abstract
The cell cycle regulation is a key

homeostatic device upon the cellular decision
during the multi processes like proliferation,
differentiation, survival and death. Human
cancers can arise from the result of functional
failure in cell cycle regulators. Therefore, activity
of the major cell cycle regulator, cyclin-dependent
kinase (CDK), is tightly regulated by cyclin
dependent kinase inhibitors (CKIs) such as the
p21CIP1 and p27KIP1. These CKIs, mainly
functioning as a cyclinE/CDK2 complex inhibitor
during the G

1
 cell cycle, have been reported to

play disparate roles including the assembly of
cyclinD/CDK4,6 and others that apparently assist
cell growth if not help carcinogenesis. While their
genetic disruptions are rarely found in human
cancers, low expression levels or cytoplasmic
mislocalizations of the p21CIP1 and p27KIP1
often correlate with human malignancies. Recent
studies show that signalling kinases can directly
phosphorylate these proteins as a substrate and
change their activities in the role of a cell cycle
inhibitor by switching interacting partner proteins
after the phosphorylation-driven structural
modifications. This report will discuss the complex
regulatory mechanisms of p21CIP1 and p27KIP1
proteins on the cue of extracellular signals and
their indications of functional importance to
carcinogenesis.

Keywords: Cell cycle; Proliferation; CDK,
p21CIP1, p27KIP1

Regulation of CIP/KIP cell cycle inhibitors and their biological
implications

Jinhwa Lee
Dept. of Clinical Lab Science, Dongseo University, Busan 617-716, Korea

For correspondence:  jinhwa2000@gdsu.dongseo.ac.kr

Introduction

The mammalian cell cycle operates with
four distinct phases, G

1
, S, G

2
 and M in a tightly

regulated manner, each of which should be
completed before the next begins (1). Progression
of cell cycle transitions is mediated by sequential
activation of the cyclin/CDK complexes. Since
timely regulation is absolutely important in normal
cell cycle progression, cyclin/CDK complexes are
integrators of the multiple signals. Those signals
include extracellular signals such as cytokines,
hormones, or physical interactions with
extracellular matrix or other cells. In mammalian
tissues, several cyclin/CDK complexes play a role
in the G

1
-to-S transition (2). In early G

1
, D-type

cyclins are elevated from mitogenic signals and
activate CDK4 or CDK6 (3). The three D-type
cyclins (D1, D2 and D3) are expressed
differentially when CDK4 and CDK6 are co-
expressed in many cell types (4). In late G

1
, cyclin

E/CDK2 activity is elevated due to the initial cyclin
D/CDK4,6 activation, not by mitogenic
stimulation. The increased cyclin E/CDK2 activity
phosphorylates pRb and releases E2F
transcription factors from an inactive or repressive
pRb–E2F complex, which initiates a whole new
synthesis of proteins involved in DNA replication
(5). The E2F genes also involve some
protooncogenes and some cell-cycle regulatory
proteins, as well as cyclin E that forms a feedback
loop to expedite and commit to enter S phase.
Activity of cyclin/CDK complexes is regulated
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in multiple ways by the accumulation of the cyclin,
at the level of assembly into the cyclin/CDK
complexes, and by specific phosphorylation and
dephosphorylation of the components. One
additional and important regulatory mechanism
of these G

1
 cyclin/CDK complexes is their

association with CKIs. The CKIs either physically
bind and block the cyclin/CDK complexes or
inhibit substrate/ATP access. Early investigators
postulated that some of these CKIs have additional
functions (6). CKIs are grouped to two gene
families: the smaller INK4 (inhibitors of CDK4)
and the larger CIP/KIP (CDK interacting protein/
kinase inhibitory protein).

The INK4 family is composed of
p16INK4A, p15INK4B, p18INK4C, p19INK4D
(7). The common structural feature among them
is the ankyrin repeats and all of them can inhibit
CDK4. They compete with D-type cyclins for
binding to the CDK subunit (8). The INK4 family
proteins are characterized by specific binding to
CDK4 and CDK6. Tissue-specific functions of
this family of cell cycle inhibitors have been
suggested recently because of the diversity in the
pattern of expression of INK4 genes (9). The
INK4 proteins are commonly lost or inactivated
by mutations in many different cancer types. In
addition to their role in arresting cells in the G

1
-

phase of the cell cycle, it also increases interests
of researchers that they have been shown to
participate in different cellular processes other
than cell cycle regulation. The discoveries of
involvement of INK4 proteins include their
functions in senescence, apoptosis, DNA repair,
and multistep oncogenesis. The p16INK4A is a
tumor suppressor that inhibits the cyclin D-
associated kinase complexes. Loss of function in
p16INK4A results in the same effect of loss of
function in Rb (10). It has been reported that
p14ARF protein is closely related to p16INK4A.
The ARF protein, a spliced variant of the INK4A
gene, is known to have a function of stabilizing
p53 by preventing degradation (11). The second

INK4 family protein, p15INK4B, regulates the
cell cycle clock by inhibiting cyclinD/CDK4- or
cyclinD/CDK6-mediated phosphorylation of Rb.
Induction of p15INK4B-triggered G

1
-phase arrest

occurs in response to TGF-â (12). Loss of
p15INK4B gene is associated with lympho-
proliferative disorders and tumor formation (13).
The p15INK4B mediated pathways that control
G

1
/S transition are frequently deregulated in

human cancers such as prostate cancer,
melanoma, pituitary adenoma, acute myeloid
leukemia, gastric cancer. The p18INK4C seems
to play an important role in growth control and its
expression is found in many different tissue types.
It has been suggested that loss of p18INK4C
function results in shortening the G

1
 phase and

thus facilitates the cell cycle progression.
Interestingly, functional synergism between
p18INK4C and p27KIP1 has been implicated in
pituitary tumors (14, 15). A recent study of the
gene encoding p19INK4D is induced by vitamin
D3 derivatives and by retinoids. Therefore, the
chemopreventive effects of vitamin D3 may be
associated with this induction of p19INK4D
expression. Recent studies reported that the
knockdown of p19INK4D renders cells sensitive
to autophagic cell death (16)

The second group of cell cycle inhibitors
is CIP/KIP family proteins: p21CIP1, p27KIP1
and p57KIP2. The structural feature of these
proteins shows an ability to bind a whole cyclin/
CDK complex, different from INK4 family
proteins’ ability to bind CDK protein alone by
competing for cyclin’s binding. They can function
throughout the all cell cycle phases by interacting
with different kinds of cyclin D, E, A/CDK
complexes. Although initially identified as cell cycle
inhibitors, these CIP/KIP family proteins have
emerged to display roles in different cellular
functions ranging from apoptosis to cell migration
and have appeared to add their lists on other
important cellular functions. These functions are
essential for the maintenance of normal cell
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homeostasis. The first identified inhibitor in this
family is p21CIP1 that is also named SDI1
(senescent cell-derived inhibitor 1) or WAF1 (wild-
type p53-activated fragment 1). The existence
of p27KIP1 is discovered by TGF-β induced G

1

arrest and its function as a G
1
 arrest controller

diversifies into cases such as contact inhibition
mediated G

1
 arrest. p57KIP2 that is discovered

during the search for homologues of p21CIP1 and
p27KIP1 also participates in the control of cell
cycle regulation as well as differentiation and
apoptosis in particular tissues (17). Recent studies
demonstrate that p57KIP2 functions in many
different cellular processes beyond cell cycle
control. In Schwann cells, the myelinating glial
cells of the peripheral nervous system, small
hairpin RNA dependent suppression of p57KIP2
results in cell cycle exit and the initiation of the
cellular differentiation program via p57KIP2/
LIMK-1 interactions (18). While function and
regulation of p57KIP2 are under active
investigations, this manuscript will focus on the
p21CIP1 and p27KIP1 proteins that have recently
been demonstrated extensively for their regulatory
mechanisms with relation to cellular
transformation into cancer.

Upon the exposure of cells to growth
inhibitory signals, p21CIP1 and p27KIP1 bind to
cyclin/CDK complexes to inhibit cyclin/CDK
catalytic activity and result in cell cycle arrest. It
becomes evident that p21CIP1and p27KIP1
might have new activities that are unrelated to
their function as CDK inhibitors. From the help
of copious publications, the importance of
cytoplasmic localization and the identification of
new targets have revealed novel functions for
these p21CIP1 and p27KIP1 proteins beyond cell
cycle controls. A complex signaling and
phosphorylation network modifies these proteins
and changes their degradation, subcellular
localization, and protein-protein interactions. This
article will focus on reviewing the cellular

functions and recent advances of the p21CIP1
and p27KIP1 proteins.

A CIP/KIP protein interacts with cyclin/
CDK complexes

G
1
 cell cycle progression relies on the

sequential activation of G
1
 cyclin/CDK complexes

to enter the S phase. Tight regulation of G
1
 cyclin/

CDK complexes therefore is essential when cells
decide to divide because the commitment site,
restriction point, for cell division lies at late G

1
.

INK4 family proteins bind and inhibit CDK4 and
CDK6 specifically and CIP/KIP proteins interact
with the cyclin E/CDK2 complex, inhibiting cell
cycle transition from G

1
 to the S phase (19).

Different from the INK4 family proteins, CIP/
KIP proteins do not dissociate cyclin/CDK
complexes (20). The first á-helical loop of a CIP/
KIP protein interacts with the cyclin, and the
second helix binds to the catalytic cleft of the
CDK subunit, thereby blocking ATP loading (21,
22). Many cyclinD/CDK4,6 complexes have been
found to contain p21CIP1or p27KIP1 and
surprisingly maintain the active state of the cyclin
D/CDK4,6 complex. With the help of data from
animals of the knockout p21CIP1 and p27KIP1
genes, p21CIP1and p27KIP1 proteins are now
believed to facilitate assembly of the two subunits
of cyclin D1 and the CDK4 or CDK6 (5). Then
these contradictory dual functions of p21CIP1 and
p27KIP1 comprise inhibition of the nuclear
CDK2 and assembly, thus activation, of cytosolic
CDK4 or CDK6 with cyclin D. Therefore, the
p21CIP1 and p27KIP1 proteins might have totally
irrelevant functions in different intracellular
locations and their structural modifications or
interacting proteins might also be differentiated
according to the localization.

In addition to the assembly, cytoplasmic
CIP/KIP proteins also promote the nuclear
accumulation of D-type cyclins. p27KIP1 protein
can bind to the nuclear pore-associated protein
mNPAP60, and interact with the nuclear export

Regulation of CDK inhibitors

Current Trends in Biotechnology and Pharmacy
Vol. 3 (2) 128-137,  April   2009.  ISSN 0973-8916



131

Jinhwa

protein CRM1 (23, 24). p21CIP1 blocks the
interaction between cyclin D1 and the CRM1,
leading to increased cyclin D levels in the nucleus.
Since nuclear export is mediated by CRM1,
CRM1 interaction with p21CIP1 and p27KIP1
causes trans-localization into the cytoplasm. It can
also be interpreted that the interaction displaces
cyclin D1 from CRM1 to increase the cyclin level
in the nucleus. The binding ability of the CIP/KIP
proteins to cyclin D/CDK4,6 complexes can be
viewed cyclin D/CDK4,6 complexes as a
sequestering station for the CIP/KIP cell cycle
inhibitors, thus freeing and activating the cyclin
E/CDK2 complex. p16INK4A null mouse shows
a high incident of tumor development and
p16INK4 null phenotype is similar to the null
phenotype of pRb. The INK4-free cyclin D/
CDK4 complexes can sequester the CIP/KIP
proteins, freeing cyclinE/CDK2 and resulting in
hyperphosphorylation of Rb from the inhibitor-
free cyclinE/CDK2 activity. Different from the
p16INK4 null mouse phenotype, p27KIP1 null
mice do not show an increased tumor frequency.
However, null mice of multiple cell cycle inhibitors
display severe developmental defects although null
phenotypes show clear discrepancies between
INK and CIP/KIP family proteins, suggesting the
existence of redundant roles.

The CIP/KIP family proteins are best
known as cell cycle inhibitors but they also play a
role in cell differentiation, senescence and
apoptosis. p21CIP1 is involved in p53-dependent
DNA damage-induced G

1
 arrest. The main role

of p21CIP1 of course is G
1
 arrest through

inhibiting the activity of cyclinE/CDK2. Cytokines
such as TGF-beta, TNF, or IL6 induce p53-
independent expression of p21CIP1 which can
suppress apoptosis and at the same time cell cycle
inhibition (25). Since p21CIP1 functions in a
variety of different cellular processes, the
consequences of changes in p21CIP1 regulation
after DNA damage are complex. Previous reports
indicate that p21CIP1 plays both anti- and

proapoptotic roles. Cytoplasmic p21CIP1 can
interact with ASK1 and procaspase 3 to suppress
apoptosis. On the other hand, overexpression of
p21CIP1 and retinoic acid-induced p21CIP1
promote apoptosis. In many cell types, p27KIP1
plays a key role in the decision to the G

1
-S entry.

First identified as a CDK2-inhibitor in contact
inhibition or TGF-beta arrested cells, 27KIP1 is
also induced by other anti-mitogenic signals such
as cAMP and rapamycin or lovastatin treatment.
Decreased expression of p27KIP1 in breast
cancer cells correlates with poor prognosis.

CIP/KIP protein phosphorylation by
mitogenic, antimitogenic and other signaling
pathways

CIP/KIP proteins are able to respond to
diverse extracellular demands and help cells
become fit to the new environment through proper
cell cycle regulation. On performing the critical
actions, p21CIP1 and p27KIP1 proteins share
common cell cycle effects as they have conserved
sequences in their inhibitory domains and both
proteins can form a ternary complex with cyclin/
CDK in response to extracellular signals. Both
p21CIP1 and p27KIP1 proteins are short-lived:
activity of these proteins largely depends on the
protein levels that are regulated mainly through
proteasome-dependent degradation and/or
transcriptional control. Still under active
uncovering of mechanisms involved, these proteins
possess seemingly contradictory actions of
facilitating cell motility and interacting with
proteins involved in functions aside from cell cycle
regulations when they are localized in the
cytoplasm. Fibroblasts are the model system that
is mainly used to study the activities of p21CIP1
and p27KIP1 and their role on cell cycle control.
In other cell types, p21CIP1 and p27KIP1 are
unusually controlled by different regulatory
curcuits that are sometimes contrasting in
functions between these two proteins. As
p21CIP1 and p27KIP1 knock-out mice display
different phenotypes, it is not unusual that
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p21CIP1 and p27KIP1 demonstrate
nonoverlapping and distinctive functions (26).
Significance of multiple biological functions such
as apoptosis and differentiation of these two
p21CIP1 and p27KIP1 proteins are gradually
acknowledged. The onset of environmental cues
delivers these cell cycle inhibitors to a new
biological role following posttranslational
modifications like phosphorylation or ubiquitination
(27). Extensive studies have informed us that
p21CIP1 and p27KIP1 proteins remodel
themselves predominantly through
phosphorylation and consequent alteration of their
interacting protein partners, resulting in the
changes in cellular functions and localization as
well as their protein levels.

It is well known that induced
phosphorylation by growth factors activates
cytoplasmic protein kinases such as Raf, MEK,
ERK, JNK, p38 MAPK or SAPK, JAK, AKT
and other kinases. Nonetheless, it is interesting
to know that some of them directly phosphorylate
CKI as exampled above in the case of p21CIP1
and p27KIP1 by using the cell cycle inhibitors as
their own substrates. It is more important to know
the condition, function and the precise
phosphorylation sites of the substrate in order to
understand how individual signaling network can
communicate with these cell cycle regulators.
Protein kinases which interact and phosphorylate
directly p21CIP1 and p27KIP1 proteins have been
studied intensively during recent years using in
vivo or in vitro studies (28). Glycogen Synthase
Kinase 3 beta phosphorylates p21CIP1 and
enhances proteasomal degradation after UV
irradiation. PIM-1 Kinase phosphorylation of
p21CIP1 promotes stability of p21CIP1 in H1299
cells. AKT phosphorylation of p21CIP1 functions
in increasing protein stability of p21CIP1 and cell
survival (29). Other studies regarding AKT-
induced phosphorylation at threonine 145 of
p21CIP1 present the function for subcellular
localizations in HER2 overexpressing breast

cancer cells. Protein phosphorylation has an
essential function in all kinds of cells but the
delicate regulation pattern tells us that the same
kinase-substrate interaction does not always aim
for the same functional outcome; these examples
are found more frequently when other cell types
or different conditions even with the same cell
types are used. When a kinase phosphorylates
the substrate on multiple sites, one site can be
more phosphorylated than others in a certain
condition probably because of the presence of
the third protein or small molecules that affect
interaction between the kinase-substrate.
Phosphorylation and functional changes like
cytoplasmic localization of p21CIP1 with HER2
overexpression in breast cancer cells impose
clinical values (30). The very kinase critical for
transformation therefore becomes an important
question to answer; however, there might be more
than one kinase for the final target of CIP/KIP
proteins because both p21CIP1 and p27KIP1
proteins possess multiple phosphorylation sites.
Cytokines inducing differentiation also end up on
phosphorylating the same targets as antimitogen
signals. Myoblast cell survival has been reported
to be promoted by p21CIP1 protein through the
MAPK cascade activation (31). It would be
biologically meaningful to discover the
phosphorylation sites and the kinases for the
p21CIP1 protein during this myocyte
differentiation. In K562 human leukemia cells,
both p21CIP1 and p27KIP1 are involved in the
regulation of cell cycle progression and
differentiation. Interestingly, there is a difference
in the biological effects as p21CIP1 directs cells
toward megakaryocytic differentiation and
p27KIP1 provokes an erythroid differentiation
response.

Important roles of p27KIP1 on guarding
cells against breast cancer have advanced our
understanding in relationship between the
phosphorylation and regulation of the inhibitor
protein. Phosphorylation on serine/threonine of
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p27KIP1 by ERK1 is a signal for ubiquitination
and phosphorylation on more than one threonine
sites by different kinases involves cytoplasmic
localization. CyclinE/CDK2 phosphorylates
p27KIP1 on Thr187 and leads to ubiquitin-
dependent phosphorylation. p27KIP1 protein
phosphorylated by AKT at Thr157 and Thr198
becomes better assembler of cyclin D/CDK4
complex formation (32, 33). Since p27KIP1
binding to cyclin D/CDK4 facilitates activation
of cyclinE/CDK2 through sequestration of the
inhibitory protein, the differential binding of
p27KIP1 to the distinct CDKs during G

1
 cell cycle

can be attributed to the phosphorylation status of
p27KIP1. Altered p27KIP1 phosphorylation
would then switch p27KIP1 cyclin/complexes. As
p27KIP1 phosphorylation is cell cycle dependent,
the cyclinE/CDK2 inhibitory activity of p27KIP1
is maximal in G

0
 and falls as cells move through

G
1
 into S phase. At the same time, the cyclin D/

CDK4 bound p27KIP1 is maximal during early
G

1
. Anti-mitogenic signaling dissociates p27KIP1

from CDK4/6 complexes and accumulates in
cyclinE/CDK2. As with Thr145 phosphorylation
of p21CIP1 by PIM1, PIM kinases promote cell
cycle progression by phosphorylating and down-
regulating p27KIP1

Phosphorylation affects degradation and
localization of p21CIP1 and p27KIP1
proteins

Mitogenic signalings often cause down-
regulation through accelerated proteolysis and
mislocalization out of nucleus into cytoplasm of
p21CIP1 and p27KIP1 proteins. The fact that
mutation or deletion of p21CIP1 and p27KIP1
genes is uncommon in human cancers suggests
that post-transcriptional regulatory mechanisms
may be more important in the process of cancer
development. These proteins are short lived and
their expression is tightly regulated by
proteasome-mediated protein degradation. The
ubiquitination-dependent degradation pathway

involves E3-ubiquitin ligases, such as SCFSKP2
(34). While less often than accelerated proteolysis
in human cancers, cytoplasmic localization of
p27KIP1 – that of p21CIP1 in cancers is less
understood- has been observed in some advanced
cancers. Many tumor suppressor proteins
including p53, FOXO family gene products,
p21CIP1 and p27KIP1 proteins function when
they are present in the cell to prevent cancer
initiation or progression. Inhibition of FOXO family
proteins that compose p21CIP1 and p27KIP1 gene
transcription factors can result in the negative
transcriptional regulation of p21CIP1 and
p27KIP1 proteins. Therefore, mislocalization of
those nuclear proteins including FOXO family
proteins into the cytoplasm can disable them as a
tumor suppressor. In the cytoplasm, FOXO family
proteins can no longer exercise a transcription
factor, nor do the p21CIP1 and p27KIP1 proteins
the cyclinE/CDK2 inhibitor. Export of nuclear
proteins generally involves modification in the
leucine-rich nuclear export signal sequences
which allows binding to the CRM1/RanGTP
proteins and then the nuclear proteins are ready
for the journey out of nucleus to the cytoplasm.
SCFSKP2 and CRM1 proteins are notably
recognized in the study of cancer development
for this very reason that they help nuclear tumor
suppressive proteins evacuate from the functional
site, nucleus.

The p21CIP1 protein level is mainly
controlled at the transcriptional level. Nonetheless,
the fact that a half-life of p21CIP1 is less than 30
min dictates p21CIP1 stability as a considerable
control site. Cytoplasmic localization of this
nuclear CDK inhibitor of the p21CIP1 protein can
be added as another regulatory site. Modification
of p21CIP1 by phosphorylation that changes
interaction with other cellular proteins is one
mechanism to control the protein level in general
by qualifying the protein for ubiquitin-dependent
proteosomal degradation and by mislocalization
into cytoplasm. Degradation of p21CIP1 protein
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involves ubiquitination-dependent and -
independent proteasomal targeting. This occurs
through binding of its COOH terminus with the
C8 subunit of the 20S core of the proteasome.
Mitogenic signaling induced phosphorylation of
p21CIP1 is precedent in this process. CDK2,
AKT, p38MAPK or SAPK, JNK, GSK-3ß, PKA,
and PKC have been shown to phosphorylate
p21CIP1. PKC can phosphorylate Ser146 in the
COOH terminus of p21CIP1 and facilitate
degradation. Phosphorylation of p21CIP1 affects
interaction with its binding partners, regulating the
stability of the protein and its subcellular
localization. AKT phosphorylates p21CIP1 at
Thr145 and Ser146 within the binding site of
PCNA which is known to promote the
ubiquitination and degradation of p21CIP1.
Phosphorylation at Ser146 by AKT significantly
increases the p21CIP1 protein level and Thr145
phosphorylation by AKT prevents PCNA binding
and promotes the nuclear export of p21. A link
between intracellular localization and proteolysis
is better identified for the p27KIP1. Antimitogenic
signaling induced phosphorylation of p21CIP1, as
predicted, inhibits p21CIP1 degradation.
p38MAPK or SAPK and JNK1 activated by
TGFß -1 phosphorylates p21CIP1 at Ser130 and
increases p21CIP1 stability.

Activity of the target protein CDK2 can
affect p21CIP1 stability. While it is intriguing to
understand how CDK inhibitors can put the CDK
activity to use for their degradation, a novel idea
has been recently reported with an introduction
of a model of high affinity binding motif, cy1, and
low affinity binding motif, cy2, for CDK on
p21CIP1 (35, 36). In the model, CDK2 may
promote p21CIP1 degradation in a sequential
pathway. CDK2-dependent phosphorylation of
p21CIP1 at Ser130 would be recognized by a
SKP2-containing SCF complex, and ubiquitinated
and degraded by the proteasome. Direct
phosphorylation on the Thr145 of p21CIP1 by
PIM-1 stabilizes it and results in a shift in the

subcellular localization of p21CIP1 in H1299 cells
(29). The finding that p21CIP1 phosphorylation
at Ser114 by GSK-3ß is critical for p21CIP1
protein degradation by UV shows an example of
proteosomal degradation of p21CIP1 protein
without ubiquitination.

While clinical importance of a
cytoplasmic mislocalization of p21CIP1 in tumors
is not understood as well as that of p27KIP1,
p21CIP1 protein might be more involved in
apoptosis compared to p27KIP1 protein. For
p27KIP1, cytoplasmic localization is closely linked
to poor prognosis in human breast, colon, ovarian,
thyroid and esophageal cancers and low protein
levels have been identified and associated with
tumor progression and poor prognosis in many
different cancers including colon, breast, prostate,
ovarian, and brain cancer. At G

0
, p27KIP1

stabilization is a result of Ser10 and Thr198. Ser10
phosphorylation in quiescent cells is attributed to
MIRK/DYRK1B. Ser10 phosphorylation
interferes with the binding of p27KIP1 to cyclin/
CDKcomplexes which may reduce p27KIP1
stability. At mitogenic signal, KIS is responsible
for Ser10 phosphorylation and becomes an
important regulator of p27KIP1 (37).
Phosphorylation at Ser10 triggers the export of
p27KIP1 from the nucleus into the cytoplasm by
a CRM1-mediated export pathway. Therefore,
Ser10 phosphorylation results in nuclear export
on the mitogenic cues which might expose the
protein to the cytoplasmic proteosome and
therefore indirectly decrease the stability of
p27KIP1 (38). Thr157 located within the nuclear
localization sequence of p27KIP1 can be
phosphorylated by AKT. It is found that
phosphorylation at Thr157 and Thr198 cooperates
to enhance cytoplasmic localization of p27KIP1.
In addition to the threonine/serine phosphorylation
sites, p27KIP1 possesses three tyrosine residues,
Tyr74, Tyr78, and Tyr79, all of which are
phosphorylated by SRC family kinases. These
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phosphorylation sites are in the CDK binding
region of p27KIP1 and the phosphorylation of
these tyrosines makes p27KIP1 unstable. The
protein unstability is because p27KIP1 is a poor
inhibitor of CDK2 and thus partially restore the
kinase activity after tyrosine phosphorylation.
Phosphorylation at Thr187 of p27KIP1 by cyclinE
/CDK2 complexes provides a binding site for the
SCFSKP2 E3 ubiquitin ligase (39). Therefore,
p27KIP1 protein levels significantly decrease
when cyclinE/CDK2 is activated.

Conclusion
Understanding the p21CIP1 and

p27KIP1 protein regulation provides a better
insight on the cell cycle regulation mechanisms in
human cancer. As their primary function as a CKI
is to bind and inhibit a cyclin/CDK complex, these
two p21CIP1 and p27KIP1 proteins function
throughout the all cell cycle phases by interacting
with different kinds of cyclin D, E, A/CDK
complexes. These cell cycle inhibitors have
emerged to display roles in other cellular functions
such as apoptosis and cell migration. Their
functions are differentiated through exchanging
partner proteins. Therefore a competent structure
of these proteins for punctual or scrupulous
partner proteins may be critical for the
maintenance of normal cell homeostasis. After
de novo synthesis, p21CIP1 and p27KIP1 proteins
are extensively modified by post-translational
modifications of phosphorylation. Phosphorylation
of these proteins has been recently reported to
be the result of direct substrate-kinase interactions
of major signalling molecules such as MAPK or
AKT as a final molecular event of extracellular
signaling pathways. Mitogen- or antimitogen-
induced phosphorylation causes alteration in
expression levels and the intracellular location of
p21CIP1 and p27KIP1 proteins. The mechanisms
involved in cytoplasmic localization as well as
degradation of these proteins are important in
understanding many human carcinogenesis.
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Abstract

 In the ayurvedic system of medicine, the
medicinal plant, Withania somnifera Dunal
(Solanaceae) finds application for numerous
ailments including cancer. This herbal plant yields
a host of steroidal lactones called withanolides,
some of which have shown growth inhibition of
human tumor cell lines. Withaferin A amongst
these withanolides reportedly is very active in
impairing antitumor activity. However; the
underlying molecular mechanisms of this activity
remains still unclear. In the present study, we have
shown that withaferin A inhibited vascular
endothelial cell growth factor (VEGF) -induced
tube formation by human umbilical vein endothelial
cells (HUVECs) and angiogenesis in chick
chorioallantoic membrane (CAM) assay. In
Ehrlich ascites tumor (EAT) model, the animals
treated with withaferin A suppressed in vivo, the
peritoneal angiogenesis and microvessel density.
When compared to the untreated animals, the
withaferin A treated tumor bearing mice showed
a decrease in the volume of ascites and tumor
cell number. Quantitation of VEGF levels in ascites
from withaferin A untreated or treated tumor
bearing mice indicated decreased secretion of
VEGF in ascites from treated mice, as measured
by ELISA. Studies at molecular level revealed
that withaferin A inhibits binding of Sp1
transcription factor to VEGF-gene promoter, in

Withaferin A suppresses the expression of vascular endothelial
growth factor in Ehrlich ascites tumor cells via Sp1 transcription
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order to exert its antiangiogenic activity. These
results clearly indicate the antiangiogenic potential
of withaferin A in modulating antitumor activity.

Keywords: Ehrlich ascites tumor; Withaferin
A; Angiogenesis; Sp1, VEGF. 

Introduction
Several natural compounds are recognized

as cancer chemo preventive agents. Withanalides
are especially well known to suppress tumor cell
growth via cell-cycle arrest and by the induction
of apoptosis in several tumor cell lines (1-3).
Moreover, withaferin A inhibits endothelial cell
proliferation and angiogenesis in vitro (4).
Angiogenesis is essential for the growth,
progression and metastasis of solid tumors (5).
Withaferin A, a member of the withanalides family
that is present at high levels in roots and leaves
of Withania somnifera plant has been found to
possess antioxidant and antitumor activity (6-9).
However, the mechanism by which withaferin A
suppresses angiogenesis has not been fully
elucidated.

Vascular endothelial growth factor (VEGF)
is a major angiogenic factor that facilitates tumor
growth and metastasis. Hypoxia is known to
induce the expression of VEGF gene (10, 11).
VEGF promoter analysis has revealed several
potential transcription factor-binding sites, such
as hypoxia-inducible factor-1(HIF-1), activator
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protein (AP)-1, AP-2, early growth response-
1(Egr-1) and Sp1 (12).

The GC box-binding protein, Sp1 is a
ubiquitous transcription factor that belongs to the
Sp family of transcription factors, consisting of
Sp1, Sp2, Sp3, and Sp4 (13). Sp1 has been
implicated in the transcription of large number of
genes, including housekeeping genes, tissue-
specific genes and genes involved in growth
regulation (13-15). Sp1 activities are regulated
by a variety of stimuli. Most of these regulations
occur through either post-translational
modification or alteration of Sp1 protein
abundance.

The principal known post-translational
modifications are phosphorylation and
glycosylation through the O-linkage of the
monosaccharide, N-acetylglucosamine (O-
GlcNAc) (16).

Expression level of the VEGF mRNA is
tightly regulated by both transcriptional and post-
transcriptional mechanisms. Recent studies have
demonstrated that intracellular signaling pathways
and genetic elements are involved in controlling
its expression. VEGF promoter activity is
preceded by the activation of transcription factor
Sp1 (17). Therefore it is clear that a constitutive
Sp1 activation is essential for the differential over
expression of VEGF, which in turn plays an
important role in angiogenesis and the progression
of cancer. It has also been shown that Sp1 in
particular, plays an important role in tumor
angiogenesis and contributes to the aggressive
nature of human pancreatic adenocarcinoma (18).

In this study, we tested the hypothesis
that the antiangiogenic effect of withaferin A on
EAT cells involves a reduction in secretion of
ascites fluid and expression of VEGF, which is
regulated by Sp1 transcription factor. Moreover,
we investigated the molecular mechanism by
which withaferin A inhibits angiogenesis in vivo.

Materials and methods

Materials

Ehrlich ascites tumor (EAT) cells were
routinely maintained in Swiss albino mice in the
animal house, University of Mysore, Mysore,
India. Endothelial growth medium (EGM-2) was
procured from Cambrex Biosciences,
Walkersville, USA. Dulbecco’s modified Eagle’s
medium (DMEM), fetal bovine serum (FBS),
penicillin-streptomycin and trypsin-EDTA were
purchased from Invitrogen, USA.T4
polynucleotide kinase kit was obtained from
Amersham biosciences. The Sp1 oligonucleotides
(5’-d (ATTCGA TCG GGG CGG GGCGAG C)-
3’) for gel shift assays were obtained from
Promega. Radioacive ã-[32P] ATP  was  obtained
from Bhabha Atomic Research Centre (BARC),
Mumbai, India. RNA isolation kit was procured
from Qiagen, USA. Secondary antibodies
conjugated to alkaline phosphatase and proteinase
inhibitors were obtained from Bangalore Genei,
Bangalore, India. The rest of the chemicals were
of analytical grade of purity and were procured
locally.

Methods

Isolation of withaferin A from Withania
somnifera roots

Withania somnifera roots were collected
locally from Mysore, India. The plant specimens
were identified and authenticated at the herbarium
of the Department of Botany, University of
Mysore, Mysore, India. The roots were washed,
shade dried and powdered. One hundred grams
of the root powder was extracted in 500ml of
methanol overnight. Withaferin A was isolated
from the methanol extract of Withania somnifera
roots as previously described (4). The compound
Withaferin A (10mg) was dissolved in 100ìl of
DMSO and diluted 100 times with sterile distilled
water to make final concentration 1ìg/ìl and used
for subsequent experiments.
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Human Umbilical Vein Endothelial Cells
(HUVECs) culture

HUVECs were purchased from
Cambrex Biosciences, Walkersville, USA. The
cells were cultured in 25 cm3 tissue culture flask
(NUNC, Genetix Biotech Asia, Bangalore, India)
and grown using EGM-2 medium and endothelial
cell basal medium according to the
manufacturer’s protocol. Incubation was carried
out in a humidified atmosphere of 5% CO

2
 in air

at 370C. When cells reached confluency, they
were passaged after trypsinization. HUVECs of
passages 2-5 were used for the experiments.

Animals and in vivo tumor generation
Six to eight weeks old mice were

acclimated for one week while caged in groups
of five. Mice were housed and fed a diet of animal
chow and water ad libitum throughout the
experiment. All experiments were conducted
according to the guidelines of the Committee for
the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA),
Government of India. EAT cells (5×106cells/
mouse) injected intraperitoneally grow in mice
peritoneum forming an ascites tumor with massive
abdominal swelling. The animals show a dramatic
increase in body weight over the growth period
and the animals succumb to the tumor burden
15-16 days after implantation. The number of cells
increased over the 14 days of growth with
formation of 7-8 ml of ascites fluid with extensive
neovascularization in the inner lining of peritoneal
wall. EAT cells from fully grown tumor bearing
mice were harvested from the peritoneal cavity
of mice (19). The ascites fluid was collected in
isotonic saline solution containing 3.8% sodium
citrate. The cells were pelleted by centrifugation
(3000 rpm for 10 min at 40C). Contaminating red
blood corpuscles if any were lysed with 0.8%
ammonium chloride. Cells were resuspended in
0.9% saline. These cells or their aliquots were
used either for transplantation or for further
experiments.   

Tube formation assay

Tube formation of HUVECs was
conducted for the assay of in vitro angiogenesis.
The assay was performed as described in earlier
report (20). Briefly, a 96-well plate was coated
with 50µl of Matrigel (Becton Dickinson Labware,
Bedford, MA), which was allowed to solidify at
370C for 1 hour. HUVECs (5x 103 cells per well)
were seeded on the Matrigel and cultured in EGM
medium containing withaferin A (3.5-14µg) for 8
hours. After incubation at 370C and 5% CO2, the
enclosed networks of complete tubes from five
randomly chosen fields were counted and
photographed under an Olympus inverted
microscope (CKX40; Olympus, New York, NY)
connected to a digital camera at 40X
magnification. 

Chick chorioallantoic membrane (CAM)
assay

CAM assay was carried out according
to the detailed procedure as described by Gururaj,
A.E. et al. (21, 22). In brief, fertilized chicken
eggs were incubated at 370C in a humidified
incubator. On the 11th day of development, a
rectangular window was made in the egg shell
and glass cover slips (6-mm diameter) saturated
with 25ng/ml vascular endothelial growth factor
(VEGF) and VEGF + withaferin A (7ìg) was
placed on the CAM and the window was closed
using sterile wrap. The windows were opened
after 48h of incubation and were inspected for
changes in the microvessel density in the area
below the cover slip and photographed using a
Nikon digital camera.

In vivo withaferin A treatment inhibits EAT
growth

To determine whether withaferin A
inhibits tumor growth and angiogenesis in EAT
cells in vivo, withaferin A (7mg/kg/day/mouse)
and vehicle control (0.1% of DMSO) was injected
into the EAT bearing mice every alternate day
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after 6th day of tumor transplantation and growth
of the tumor was monitored by taking the body
weight of the animals. Animals were sacrificed
on the 14th day and the EAT cells along with
ascites fluid were harvested into the beaker and
centrifuged at 3000 rpm for 10 min at 40C. The
pelleted cells were counted by Trypan blue dye
exclusion method using a haemocytometer. A
measure of the supernatant gave the volume of
ascites fluid.  

Peritoneal angiogenesis and micro vessel
density 

After harvesting the EAT cells from
control and withaferin A-treated animals, the
peritoneum was cut open and the inner lining of
the peritoneal cavity was examined for extent of
neovasculature and photographed. Formaldehyde
fixed and paraffin embedded tissues of peritoneum
from EAT bearing mice either treated or untreated
with withaferin A were taken and 5ìm sections
were prepared using automatic microtome (SLEE
Cryostat) and stained with hematoxylin and eosin.
The images were photographed using Leitz-
DIAPLAN microscope with CCD camera and
the blood vessels were counted.

Quantitation of VEGF

EAT bearing mice were treated with or
without withaferin A (7mg/kg/day) for 5 doses
on 6th, 8th, 10th and 12th day of tumor
transplantation. The animals were sacrificed and
ascites fluid was collected after 24h of each dose.
VEGF-ELISA was carried out using the ascites
fluid (21, 23, 24). In brief, 100µl of ascites from
tumor bearing mice either with or without
withaferin A treatment, was coated using coating
buffer (50 mM carbonate buffer pH 9.6) at 40C
overnight. Subsequently, wells were incubated
with anti-VEGF

165
 antibodies, followed by

incubation with secondary antibodies tagged to
alkaline phosphatase and detection using p-nitro-
phenyl phosphate (pNPP) as a substrate.

Preparation of nuclear extracts
Nuclear extracts were prepared

according to the method previously described (25).
Briefly, cells (5X106) treated either with or without
withaferin A in complete HBSS for different time
intervals were washed with cold phosphate
buffered saline and suspended in 0.5 ml of lysis
buffer (20mM HEPES, pH 7.9, 350 mM NaCl,
20% Glycerol, 1% NP-40, 1 mM MgCl

2
, 0.5 mM

EGTA, 0.5 mM DTT, 1 mM Pefablock, 1µg/ml
Aprotinin, 1µg/ ml Leupeptin). The cells were
allowed to swell on ice for 10 min; the tubes were
then vigorously mixed on a vortex mixer for 1
min and centrifuged at 10,000 rpm for 10 min at
40C. The supernatant was immediately stored at
-200C.

Electrophoretic Mobility Shift Assay (EMSA)
Nuclear proteins were extracted from

EAT cells treated either with or without withaferin
A for 60,120 and 180 min respectively. The EMSA
was performed as described in earlier report (26,
27). The double stranded Sp1 consensus
oligonucleotide probes [5’-d (ATT CGA TCG
GGG CGG GGC GAG C)-3’] were end-labeled
with ã-[32P] ATP. Nuclear proteins (40ìg) were
incubated with 40fmoles of ã-[32P]-labeled Sp1
consensus oligonucleotides for 30min in binding
buffer containing 100mM HEPES (pH 7.9),10mM
MgCl

2, 
125 mM KCl, 0.5mM EDTA, 4%

glycerol,0.5% NP-40,1ìg of poly [dI-dC] and
1mg/ml BSA. The samples were electrophoresed
in 4% non denaturing polyacrylamide gel in 0.5%
TBE at room temperature for 2 hr at 200V. The
gel was dried, transferred to imaging plate (IP)
and the image was scanned by image analyzer
Fujifilm (FLA-5000).

Results

Withaferin A inhibits tube formation of
HUVECs induced by VEGF

In order to verify if withaferin A interferes
directly with the formation of blood vessels by
HUVECs, we performed tube formation assay
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in vitro. The HUVECs were plated on the
Matrigel. The HUVECs in the basal medium could
not form tubes and VEGF was used to induce
the tube formation. In the positive control group
stimulated with VEGF (10ng), HUVECs rapidly
aligned with one another and formed tube-like
structures resembling a capillary plexus within 8
hours, after VEGF treatment. However, 
treatment with withaferin A prevented VEGF -
stimulated tube formation of HUVECs in a
concentration (3.5-14µg) -  dependent  manner
(Fig. 1). Meanwhile, no cytotoxicity was observed
under this concentration range of withaferin A
used in the assay. Withaferin A was shown to
interfere with the ability of HUVECs to form the
in vitro vessel-like tubes, one of the important
traits of the endothelial cells.

Withaferin A inhibits VEGF induced neovas-
cularization on chick chorioallantoic membrane

CAM assay is one of the widely used
validation assays for formation of new blood
vessels. In order to further verify if withaferin A
is an inhibitor of new blood vessel formation,
withaferin A was applied on chorioallantoic
membrane of chick embryo to test its in vivo
antiangiogenic activity. In the CAM assay model
withaferin A induced avasculature zone formation
in the developing embryos. Notably newly formed
microvessels were regressed around the area of
withaferin A treated CAM (Fig. 2).

Fig. 1: Effect of withaferin A on VEGF induced HUVECs
 tube formation

HUVECs (5X103 cells) cultured in EGM medium
with 3.5µg, 7µg and 14 µg withaferin A was added to
the Matrigel coated 96 wells plate. After incubation
for 8 hours at 370C, capillary networks were
photographed and quantified (Magnification: X40).
Concentration dependent inhibition of tube formation
by withaferin A was recorded. All datas are presented
as mean from three different experiments with triplicates
and means of ± S.E.M. P<0.05 vs control. 

Fig. 2: Effect of withaferin A on neovascularization
   in the chick CAM

Withaferin A was applied on CAM of 11-day-
old chicken embryo. After 48h of incubation, the
applied area was inspected for changes in
neovascularization. The arrows indicate the applied
area. The data shown represents the result of an
experiment, which was done using maximum six eggs
in each group. All photographs were taken at same
magnification.

Withaferin A inhibits growth of EAT cells
and secretion of ascites in vivo

Initially, proliferation of tumor cells in
mice was monitored by measuring the weight of
the animals every day. A decrease in body weight
in withaferin A treated animals was observed
when compared to the increased body weight of
the untreated tumor bearing mice. It was also
observed that withaferin A lessened the tumor
burden considerably in a dose dependent manner
showing the optimum activity at 7mg/kg/dose. Cell
number was counted after each dose of withaferin
A treatment. In control group, which is tumor
bearing mice not treated with withaferin A, the
number of EAT cells increased exponentially. In
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contrast, in the withaferin A treated group, the
number of cells were drastically decreased (Fig.
3A). This implied that withaferin A inhibit tumor
cell growth in vivo. The volume of ascites was
also measured using ascites from EAT bearing
as well as withaferin A treated EAT bearing
animals. The results indicated that withaferin A
treatment reduces the secretion of ascites fluid
(Fig. 3B). It is indicative from this data that
withaferin A is probably capable of inhibiting the
proliferation of tumor cell growth in vivo. 

Fig. 3:  Effect of withaferin A on EAT cell number and
   ascites volume in vivo

EAT cells (5X106 cells/animal, i.p.) were injected into
mice. After 6 days of tumor transplantation, withaferin A
(7mg/kg/animal) was injected on days 7th, 9th, 11th and
13th. The animals were sacrificed on days 8th, 10th, 12th
and 14th. EAT cells were collected along with ascites fluid.
Cells were counted in haemocytometer (A) and ascites
volume was measured (B). At least five mice were used in
each group and the results obtained are an average of three
individual experiments and means of ± S.E.M. 

Fig. 4:   Withaferin A inhibits angiogenesis and 
microvessel density

A) Inhibition of peritoneal angiogenesis.
EAT bearing mice were treated with and without
withaferin A for four doses (7mg/kg/animal). The mice
were sacrificed and the peritoneal lining was observed
for extent of neovascularization. We presented
representative photograph of peritoneum.

B) Reduction in microvessel density (MVD)
The peritoneum of control as well as withaferin A
treated EAT bearing mice was embedded in paraffin
and 5ìm sections were taken using microtome. The
sections were stained with hematoxyline and eosine
and observed for microvessel density. Arrows indicate
the microvessels.

Withaferin A inhibits angiogenesis in vivo
 Sprouting of new blood vessels is evident
in the inner peritoneal lining of EAT bearing mice.
The peritoneal lining of EAT bearing animals and
withaferin A treated mice was inspected for the
effect on tumor-induced peritoneal
neovascularization. EAT bearing mice treated with
withaferin A showed decreased peritoneal
angiogenesis when compared to the extent of
peritoneal angiogenesis in untreated EAT bearing
mice (Fig. 4A). Histopathological staining of
peritoneum sections from the EAT bearing group
appeared well vascularized. In contrast withaferin
A treated peritoneum sections were characterized
by a pronounced decrease in micro vessel density
and the caliber of detectable vascular channels.
While tumor bearing peritoneum sections showed
17 ± 1.2 blood vessels, withaferin A treated
peritoneum showed 6.8 ± 1.3 blood vessels (Fig.
4B).
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Withaferin A inhibits VEGF secretion in
ascites fluid of EAT bearing mice

 In order to verify whether withaferin A
induced inhibition of neovascularization and
microvessel density is due to decreased secretion
of VEGF by EAT cells, we have quantified the
secreted VEGF in ascites fluid of control and
different doses of withaferin A treated animals
by ELISA. It is evident in Fig. 5 that withaferin A
inhibits production of VEGF in EAT cells. In EAT
bearing mice, 1280ng of VEGF was detected in
ascites. However in case of withaferin A treated
animal ascites 220ng of VEGF was detected per
mouse.

performed. The results indicated that withaferin
A inhibits binding of Sp1 transcription factor to
the proximal promoter region of the VEGF gene.
In contrast, there was prominent band showing
the binding of Sp1 to the proximal promoter region
(Fig. 6) when nuclear extract from tumor bearing
mice was used.

 Fig. 5:   Effect of withaferin A on in vivo production
and expression of VEGF

EAT bearing mice were injected with withaferin A (7mg/
kg/animal) for four doses and ascites fluid was
collected after sacrificing the animal every alternate
day after each dose of treatment. ELISA was carried
out to quantitate VEGF in ascites fluid using anti-
VEGF

165
 antibodies. Animals bearing EAT cells not

treated with withaferin A was used as control.

Withaferin A inhibits Sp1 DNA binding
activity in EAT cells

To verify for the involvement of
transcription factor Sp1 in withaferin A induced
inhibition of VEGF gene expression, an
electrophoretic mobility shift assay was

Fig. 6:    Effect of withaferin A on Sp1-DNA binding
activity

 Nuclear extracts were prepared from EAT cells
untreated and treated with withaferin A. Sp1-DNA
binding activity was assayed by EMSA using Sp1
oligonucleotides.

Discussion

Plant and dietary products contribute to
about one-third of potential anticancer drugs and
the preventive effects of plant-based diets on
tumorigenesis and other chronic diseases have
been well documented (28). Withania somnifera
(L.) Duna1 commonly known as Ashwagandha
(family Solanaceae) is extensively used in many
indigenous preparations. W. somnifera   is
reported to have anti-inflammatory (29), anti-
arthritic (30) and anti-tumor (31) activities.
Withaferin A, a withanolide was isolated and
reported to be antiangiogenic and anti-tumor active
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principle from Withania somnifera. A recent
study demonstrated that the anti-angiogenic effect
of withaferin A was due to the inhibition of
endothelial cell proliferation (4). However, the
detailed molecular mechanisms involved in the
anti-angiogenic effect of withaferin A were not
clearly understood. In this study we investigated
the anti-angiogenic effects of withaferin A both
in vitro and in vivo model. Withaferin A
suppressed human endothelial cell- tube formation
which is one of the hallmarks of angiogenesis
indicating that withaferin A inhibits endothelial cell
proliferation. This may be due to the induction of
HUVECs apoptosis by withaferin A (4). Further,
in Ehrlich ascites tumor bearing mice and also by
using several ex-vivo and cell based validation
assays, we observed that withaferin A besides
inhibiting the growth of the tumor suppressed
peritoneal angiogenesis and microvessel density
by down regulating VEGF gene expression and
VEGF secretion into the ascites of tumor bearing
mice. It also inhibited neoangiogenesis induced
by VEGF in CAM assay indicating that withaferin
A targets both tumor and endothelial cell to exert
its anti proliferative and antiangiogenic activities. 

Increased VEGF expression is closely
associated with an increase in microvessel density
(32). VEGF being a permeability factor plays
fundamental role in the fluid accumulation and
tumor growth in ascites tumor. By secreting
VEGF, ascites tumor enhances the permeability
of preexisting microvessel lining of peritoneal
cavity to stimulate ascites formation thereby
tumor progression. Inhibition of fluid accumulation,
tumor growth and microvessel density by
neutralization of VEGF has been demonstrated
underlying the importance of VEGF in malignant
ascites formation (33-35). Our results indicated
that there was decrease in the VEGF secretion
in withaferin A treated animals. Inhibition of VEGF
secretion could be due to inhibition of activity of
transcription factors NF-êB, AP-1 or Sp1 which
are involved in the regulation of VEGF gene

expression. Withaferin A is already reported as a
potent inhibitor of NF-êB and AP-1 DNA binding
activity (4, 36, 37).

Recent studies indicated that Sp1
transcription factor plays an important role in
VEGF expression and tumor angiogenesis. A
region between nucleotide-109 and -61 of the
VEGF promoter and its intact Sp1-binding sites
were required for the inhibition of VEGF promoter
activity. In this study, we found that withaferin A
treatment reduced Sp1 DNA binding activity to
the proximal promoter region of VEGF gene in a
time dependent manner. It was shown recently
that celecoxib inhibits VEGF expression and
reduces angiogenesis and metastasis of human
pancreatic cancer via suppression of Sp1 (38).
Sp1 suppression was closely correlated with
reduced VEGF level. Withaferin A has been
reported as potent inhibitor of PKC and TNF
dependent IêB kinase β, which subsequently
blocks NF-êB nuclear translocation (3, 37). PKC
isoforms are also involved in the activation of Sp1,
NF-êB and AP-1 in B16F1 murine melanoma
cells (39, 40).

In summary, our experiments have
shown that inhibition of VEGF secretion and tumor
microvessel formation is one of the potential
mechanisms by which withaferin A suppresses
the growth of Ehrlich ascites tumor. Additionally,
the suppression of VEGF secretion appears to
be as a consequence of altered Sp1
transactivation and inhibition of VEGF gene
expression. The data clearly indicates a novel
mechanism for the antiangiogenic activity of
withaferin A and also substantiate the important
role of Sp1 in tumor biology and the biological
basis for the development of new Sp1-targeting
agents for cancer treatment.
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Abstract

In pursuit of better HIV-1 protease
inhibitory agents, QSAR studies were performed
on a series of (4-hydroxy-6-phenyl-2-oxo-2h-
pyran-3-yl) thiomethanes using WIN CAChe 6.1.
Stepwise multiple linear regression analysis was
performed to derive QSAR models which were
further evaluated for statistical significance and
predictive power by internal and external
validation. The best QSAR model was selected,
having correlation coefficient (R) = 0.923 and
cross-validated squared correlation coefficient
(q2) = 0.743. The developed best QSAR model
indicates that the hydrophobicity and ionization
potential play an important role in the HIV-1
protease inhibitory activities.

Keywords:   QSAR; HIV-1 protease inhibitory
activity; multiple linear regressions;
thiomethane.

Introduction
HIV- 1 (Human Immunodeficiency Virus

Type-1) is the pathogenic retrovirus and causative
agent of AIDS or AIDS- related complex (ARC)
(1). When viral RNA is translated into a
polypeptide sequence, it is assembled in a long
polypeptide chain, which includes several
individual proteins namely, reverse transcriptase,
protease, integrase, etc. Before these enzymes
become functional, they must be cut from the
longer polypeptide chain.

Acquired immune deficiency syndrome
(AIDS) is a formidable pandemic that is still
wreaking havoc world wide. The catastrophic
potential of this virally caused disease may not
have been fully realized. The causative moiety of
the disease is human immunodeficiency virus
(HIV), which is a retrovirus of the lentivirus family
(2). The three viral enzymes; reverse
transcriptase, protease and integrase encoded by
the group specific antigen and group specific
antigen-polyprotein genes of HIV play an
important role in the virus replication cycle.
Among them, viral protease catalyzes the
formation of viral functional enzymes and proteins
necessary for its survival. The viral particles at
this stage are called virions. The virus particles
after the protease action have all the necessary
constituents of mature virus and are capable of
invading other T4 cells and repeating the life cycle
of proviral DNA from viral RNA, the key stage
in viral replication. Its central role in virus
maturation makes protease is a prime target for
anti-HIV-therapy.

Computational chemistry has developed
into an important contributor to rational drug
design. Quantitative structure activity relationship
(QSAR) modeling results in a quantitative
correlation between chemical structure and
biological activity. QSAR analyses of HIV-1
reverse transcriptase inhibitors (3), HIV-1
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protease inhibitors (4,5) and HIV-1 integrase
inhibitors (6,7) and gp 120 envelope glycoprotein
(8) were reported. Leonard et al. has developed
a few QSAR models for anti-HIV activities of
different group of compounds (9,10). The present
group of authors has developed a few quantitative
structure-activity relationship models to predict
anti-HIV activity of different group of compounds
(11-20). In continuation of such efforts, in this
article, we have performed QSAR analysis to
explore the correlation between physicochemical
and biological activity of thiomethane derivatives
using modeling software WIN CAChe 6.1
(molecular modeling software, a product of Fujitsu
private limited, Japan) and statistical software
STATISTICA version 6 (StatSoft, Inc., Tulsa,
USA).

Materials and Methods
In the present work we have taken 16

thiomethane compounds (Table 1) and their HIV-
1 protease inhibitory activity from the reported
work (21). Many of these compounds inhibited
wild type HIV-1 protease with IC

50 
values

between 0.058 μM and 7.82 μM. There is high
structural diversity and a sufficient range of the
biological activity in the selected series of
thiomethane derivatives. It insists as to select these
series of compounds for our QSAR studies. All
the HIV-1 protease inhibitory activities used in
the present study were expressed as pIC

50 
= -

log
10

 IC
50

. Where IC
50

 is the micro molar
concentration of the compounds producing 50%
reduction in the HIV-1 protease activity is stated
as the means of at least two experiments. The
compounds which did not show confirmed HIV-
1 protease inhibitory activity and the compounds
having particular functional groups at a particular
position once in the above cited literature have
not been taken for our study. We carried out
QSAR analysis and established a QSAR model
to guide further structural optimization and predict
the potency and physiochemical properties of
clinical drug candidates.

All the sixteen compounds (13
compounds in training set and three in test set,
training and test set selection has been done
manually) were built on workspace of molecular
modeling software WIN CAChe 6.1, which is a
product of Fujitsu private limited, Japan. The
energy minimization was done by geometry
optimization of molecules using MM2 (Molecular
Mechanics) followed by semi empirical PM3
method available in MOPAC module until the root
mean square gradient value becomes smaller than
0.001 kcal/mol Å. The physicochemical properties
were calculated on project leader file of the
software. These properties were fed manually
into statistical software named STATISTICA
version 6 (StatSoft, Inc., Tulsa, USA) and a
correlation matrix was made to select the
parameters having very less inter-correlation and
maximum correlation with activity. This was
followed by multiple linear regression analysis to
achieve best model.

Internal validation was carried out by
Leave one out (LOO) method using statistical
software STATISTICA. The cross-validated
correlation coefficient, q2, was calculated using
the following equation:

        
N

q2 = 1 –    PRESS  /          ∑ (y
i
 - y

m
)2

    i=1

N

PRESS = ∑ (y
pred,i

 – y
i
)2

 i=1

Where y
i
 is the activity for training set

compounds, y
m
 is the mean observed value,

corresponding to the mean of the values for each
cross-validation group, and y

pred,i 
is the predicted

activity for y
i
. The LOO predicted values are

shown in table 1.

In present study the calculated
descriptors were conformational minimum
energies (CME), Zero-order connectivity index
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Table 1: Structure, selected parameters and their HIV-1 protease inhibitory activity of
thiomethane analogues
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(CI0), First-order connectivity index (CI1),
Second-order connectivity index (CI2), dipole
moment (DM), total energy at its current
geometry after optimization of structure (TE), heat
of formation at its current geometry after
optimization of structure (HF), ionization potential
(IP), electron affinity (EA), octanol-water partition
coefficient(logP), molar refractivity(MR), shape
index order 1 (SI1), shape index order 2 (SI2),
shape index order 3 (SI3), Zero-order valance
connectivity index (VCI0), First-order valance
connectivity index (VCI1), Second-order valance
connectivity index (VCI2). (Physicochemical
parameters data will be provided on request).

Results and Discussion
The QSAR studies of the thiomethane

series resulted in several QSAR equations. Inter-
correlation between the descriptors involved in
the QSAR model is ≤ 0.57. The best equation
when we considered only one parameter is Eq.
1.
pIC

50
 = 4.336 (± 0.596) - 1.004 (± 0.151) logP

(1)
n =13, R= 0.895, R2 = 0.802, R2

adj 
= 0.783, SEE =

0.264, F = 44.42, P < 0.001, q2 = 0.726,
S

PRESS
 = 0.309, SDEP = 0.297.

The above equation is statistically
significant one. The R2 and internal predictivity
of the model is good. When we have considered
the best equation containing two parameters is
Eq. 2.

pIC
50

 = -5.993 (± 4.613) - 0.831 (± 0.165) logP +
1.075 (± 0.581) IP  (2)
n =13, R= 0.923, R2 = 0.852, R2

adj 
= 0.823, SEE =

0.238, F = 28.80, P < 0.001, q2 = 0.743,
 S

PRESS
 = 0.299, SDEP = 0.287.

When we considered three parameters
for developing model, there was no significant
improvement in R2 and q2. Eq. 2 was selected as
the best model on the basis of high q2 values and

R2 value. The values given in the parentheses
are 95% confidence intervals of the regression
coefficients. Eq. 2 could explain 85.2% and predict
74.3% of the variance of the HIV-1 protease
inhibitory activity data. The calculated HIV-1
protease inhibitory activity values by Eq.2 are given
in table1. This model showed good correlation
coefficient (R) of 0.923 between descriptors [logP
and IP] and HIV-1 protease inhibitory activity.
This model also indicates statistical significance
> 99.9% with F value F

(2,10)
 =28.80. The residual

of the observed and calculated activities are
shown in fig. 1. The predictive ability of the
selected model was also confirmed by external
r2

CVext 
method. According to Tropsha et al., the

proposed QSAR model is predictive as it satisfies
the conditions r2

CVext
 > 0.5 and R2

Pred
 > 0.6 (r2

CVext

=
 
0.885, R2

Pred 
= 0.991) (22). The robustness of

this model was checked by Y–randomization test.
The low R2 and q2 values indicate that the good
results in our original model are not due to a
chance correlation or structural dependency of
the training set.
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The QSAR shows a linear relationship
of HIV-1 protease inhibitory activity with the logP.
Its negative sign indicates that highly hydrophobic
groups are not good for improving the activity of
the series. The positive coefficient of IP showed
that the presence of electron donating groups is
favor for activity. Thus we conclude that the
biological activity will be increased if substituents
that bring about changes in the molecule as
mentioned above are attached to it.
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Comparison of UV spectrum analysis of active streptomycetes

Abstract

UV-spectra of antifungal-active
Streptomyces isolates were compared to
previously reported spectra and analyzed under
different extraction conditions. MU123
Streptomyces isolate from Turkey exhibited a UV
spectrum similar to 23

7
 isolate from Jordan with 2

maximum absorbance peaks at (226 and 260 nm)
and at (220 and 260 nm), respectively. This
spectrum was repeated by the C5P1-6 isolate from
Jordan with 2 maximum absorbance peaks at 225-
250 and 300 nm. The aquatic species identified
as S. violaceusniger showed 2 maximum
absorbance peaks at 231 and 258 nm similar to
the UV spectrum of a clinical isolate of
actinomycetes (Streptomyces sp. 96.0333) that
exhibited 2 absorbance peaks at 220-225 and 262
nm. When C1P2-6 isolate from Jordan was
compared to Ir 102 from Iran under same cultural,
extraction and UV analysis conditions, data
revealed similar UV spectra with 2 absorbance
peaks for both isolates at 200-225 and 275-300
nm. Approximately 50% of reported active
screened isolates exhibit similar UV-spectra which
might reflect their habitats, culture and UV
analysis conditions. Comparison of UV-spectra
and absorption peaks of known antibiotics to that
of active Streptomyces isolates might explain the
ability of the same Streptomyces sp. to produce
several antibiotics.

Comparative UV-spectra of fermented cultural extract of
antifungal-active Streptomyces isolates recovered from different

ecological habitats

1Ismail Saadoun, 1Fouad AL-Momani, 1Qotaiba Ababneh and 2Shahidi Bonjar
1Dept. of Biological Sciences, Jordan Univ. of Science and Technology, Irbid-22110, Jordan
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Introduction

Members of the order Actinomycetales
are the most abundant soil microorganisms under
a wide variety of conditions. They include many
species that are characterized by the production
of extracellular important bioactive compounds.
Majority of those strains belong to species within
the genus Streptomyces which produce two–
thirds of the naturally occurring antibiotics world
wide. Such strains were advocated as promising
agents against several pathogens and are well
known for their potential to produce a large
number of inhibitory metabolites used in industry,
pharmacy, including: antihelminthic, antitumor,
antifungal agents (3, 4, 23). Several studies on
the isolation, characterization and genotyping of
soil streptomycetes of Jordan have already been
conducted (11, 13, 14, 15). Other studies showed
the ability of different streptomycetes isolates to
inhibit the growth of several multi-resistant Gram-
positive and Gram-negative pathogens (18, 19,
20). Experiments on the nature of the inhibitory
metabolite produced by S. violaceusniger
showed a maximum absorption in the UV region
at 210-260 nm (16). In another study,
Streptomyces isolates active against Candida
albicans determined with UV-spectra
absorbance peaks were either at 230 nm or 300
nm or in between (17). Some of these spectra
were similar to the UV-spectra of the active

Current Trends in Biotechnology and Pharmacy
Vol. 3 (2) 155-161,  April   2009.  ISSN 0973-8916



156

Saadoun  et al

extracts of clinical isolates of actinomycetes with
indication of similarities in the maximum
absorbance peaks (8). Similarly, a study by Iliæ et
al. (7) on 20 different Streptomyces isolates from
the soils of Southeastern Serbia indicated that the
UV spectra of the culture extracts for the active
isolates showed absorbance peaks ranging
between 221 and 240 nm. The UV spectra of the
active compounds in methanol showed peaks at
217 and 221 nm.

In this investigation we are comparing
the UV-spectra of some extracted culture broths
of active Streptomyces isolates with each other
as well as with other reported isolates obtained

from different habitats and analyzed under
different extraction and instrumental conditions.

Materials and Methods
Isolation and characterization of the active
strains

The procedures were performed as
described by Saadoun and Al-Momani (12) and
Saadoun et al. (21).

Antibacterial and antifungal agents
The activity of the Streptomyces isolates

towards bacteria and Candida albicans was
performed as described by Saadoun et al. (16)
and Saadoun and Al-Momani (17), respectively.

Table 1: Comparison of the UV-spectra of different Streptomyces isolates recovered from different habitats and
analyzed by different UV spectroscopic instruments.

aID: Inhibition zone diameter in mm as determined by agar disc diffusion method.  bC: Candida; T: Trichoderma;
Tr : Trichophyton rubrum ; Al: Alternaria; As : Aspergillus cND: Not determined
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Streptomyces. Several investigators determined
the UV spectra for the active fermented broths
of different Streptomyces isolates on the basis
that future studies may answer the question
whether the metabolites produced by these
isolates responsible for these absorbance peaks
or not (6, 7, 8, 16, 17). Furthermore, the use of
spectroscopy to distinguish polyenic from
nonpolyenic substances were used by several
authors (2, 6, 10). When Sahin and Ugur (22)
investigated the antimicrobial activity of some
Streptomyces isolates that were obtained from
the soils of Mugla province/Turkey, they observed
that MU123 isolate exhibited antifungal activity
against C. albicans (ATCC 10239) and C.
tropicalis (RSKK 665) with an inhibition zone
diameter of 11-20 mm and > 31 mm, respectively.
This isolate showed a UV spectrum (Fig. 1b)
similar to what was reported for the isolate 23

7

from Jordan (16) (Fig. 1a) with 2 maximum
absorbance peaks at 226 and 260 nm (Table 1).
The isolate 23

7
 exhibited an inhibition zone

diameter of 16-20 mm against C. albicans (17)
and 25-30 mm against Trichoderma harasmii
and Aspergillus flavus (18). The two maximum
absorbance peaks by 23

7
 isolate were at 223 and

250 nm (Table 1). This difference in the maximum
absorbance peaks might be explained by
spectroscopic instrument used in the analysis,
culture and extraction conditions. To confirm that
similarity, the UV-spectrum of the extracted broth
for the 23

7
 isolate was repeated by using Jenway/

UK UV-visible spectrophotometer (Table 1, Fig.
1c). Data revealed a UV-spectrum similar to what
was reported for the isolate 23

7
 (17) (Fig. 1a)

with 2 maximum absorbance peaks at 220 and
260 nm (Table 1). By using Unicam UV-
spectrophotometer, the isolate (C5P1-6) of this
study was analyzed and a similar spectrum
exhibited with 2 maximum absorbance peaks at
225-250 and 300 nm (Table 1, Fig. 1d).

Saadoun et al. (16) in their analysis of
the UV-spectrum (200-500) of n-butanol extract

of yeast dextrose broth culture of Streptomyces
violaceusniger showed 2 maximum absorbance
peaks at 231 and 258 nm (Table 1, Fig. 2b). This
Streptomyces sp. was isolated from a sediment
sample, collected from a stream, Auburn,
Alabama-USA (13). S. violaceusniger exhibited
a 10 mm inhibition zone diameter against C.
albicans (16). In another study, Saadoun and Al-
Momani (17) determined the UV-spectra of the
fermented broth for the most active Streptomyces
isolates against C. albicans. They showed
absorbance peaks ranging between 230 and 300
nm and with the isolate A1 exhibiting similar UV-
spectra and 2 absorbance peaks at 236 and 262
nm (Table 1, Fig. 2a). A1 was among the isolates
that was recovered from soils of North Jordan
with an activity of 35-40 mm against C. albicans
(17). Similarly, Lemriss and his colleagues (8)
when screened for nonpolyenic antifungal
metabolites in clinical isolates of actinomycetes
found that Streptomyces sp. 96.0333 exhibiting
antifungal activity of >30 mm against all the tested
fungi (Table 1) and a UV spectrum (Fig. 2c) as
the one reported by Saadoun and Al-Momani (17)
and Saadoun et al. (16) with 2 absorbance peaks
at 220-225 and 262 nm (Table 1). To confirm that,
the UV-spectrum of the extracted broth for the
A1 isolate was repeated by using Jenway/UK
UV-visible spectrophotometer (Table 1, Fig. 2d).
Data revealed a UV-spectrum similar to what
was reported for the isolate A1 by Saadoun and
Al-Momani (17) (Fig. 2a) and Saadoun et al. (16)
with 2 absorbance peaks at 240 and 280 nm (Table
1). Also isolates from this study (C1P2-6) and
from Iran (Ir 102) were compared under the same
cultural, extraction and UV analysis conditions.
Data indicated a similar UV spectrum with 2
absorbance peaks for both isolates at 200-225
and 275-300 nm (Table 1, Fig 3a and Fig 3b,
respectively). The isolate Ir 102 exhibited > 20
mm against Alternaria solani and A. alternate
(1). The wide peaks exhibited by the Ir 102 and
C5P1-6 isolates may be explained by the

Saadoun  et al
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explained by the susceptibility of the tested C.
albicans pathogen to similar bioactive compounds
produced by the Streptomyces isolates were
recovered from the same environment and to their
active broths that were extracted under the same
conditions and analyzed using the same kind of
UV spectrophotometer. Msameh (9) in his
investigation showed 12 out of 26 UV spectra
(46%) that are similar to each other, Saadoun and
Al-Momani (17) showed 12 UV spectra (46%)
that are similar to what was reported by Msameh
(9).

Although the UV-spectra is one of the
basic evidences to identify an antibiotic, similarities
in the UV spectra might explain that compounds
produced by strains from various areas have
similar structure. Similarities in the general UV
spectra and maximum absorbance peaks
presented in this investigation could explain the
ability of the Streptomyces sp. to produce
antibiotics. Betina (5) reported that several
antibiotics can be produced by the same microbial
species. For example, S. hygroscopicus, S.
griseus, S. lavendulae, S. albus and S.
aureofaciens produced a total of 58, 48, 39, 31
and 21 different antibiotics respectively (5). Some
secondary metabolites are produced as a group
of closely related structures; one strain of
Streptomyces produces 32 different
anthracyclines. Therefore, further investigation
is encouraged on the HPLC profile of the
Streptomyces extracts and HPLC-MS by
comparing with known standards. Some
antibiotics as cyclohexamide and actidione have
similar UV-spectra (9) and these spectra were
similar to the metabolites produced by S.
violaceusniger (16) and by Streptomyces isolate
A1 (17).

Although the active Streptomyces strains
reflect different ecological habitats, culture, and
UV analysis conditions, screened isolates showed
similar UV-spectra. Similarities in the general UV
spectra and/or absorbance peaks could explain

the ability of the various tested and reported
Streptomyces strains to produce similar active
compounds.
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Abstract

The present study sought biotensoactive
production from soybean oil fry waste using
Pseudomonas aeruginosa ATCC 10145 and
Pseudomonas aeruginosa isolated from the soil
of a petroleum station having undergone gasoline
and diesel oil spills. The results of the experiments
were analyzed using a complete factorial
experimental design, investigating the
concentration of soybean oil waste, ammonia
sulfate and residual brewery yeast. Assays were
performed in 250-mL Erlenmeyer beakers
containing 50 mL of production medium,
maintained on a rotary shaker at 200 rpm and a
temperature of 30±1 °C for a 48-hour
fermentation period. Biosurfactant production
was monitored through the determination of
rhamnose, surface tension and emulsification
activity. The Pseudomonas aeruginosa ATCC
10145 strain and isolated Pseudomonas
aeruginosa were able to reduce the surface
tension of the initial medium from 61 mN/m to
32.5 mN/m and 30.0 mN/m as well as produce
rhamnose at concentrations of 1.96 and 2.89 g/L
with emulsification indices of 96% and 100%,
respectively.

Keywords: Pseudomonas aeruginosa,
Biosurfactant, Rhamnose, Surface-active,
Emulsification index, Soybean oil.

Introduction
Surfactants are an important class of

chemical compounds widely used in different
industries, acting as dispersants and/or solubilizers
of organic compounds. The vast majority of
commercially employed surfactants are
synthesized from petroleum derivatives (1). In the
past few decades, however, the interest in
surfactants of a microbial origin has increased
significantly, above all, due to their biodegradability
(2,3,4).

Compounds of a microbial origin that exhibit
surfactant properties (reduction of surface tension
and/or high emulsifying capacity) are denominated
biosurfactants and are metabolic byproducts of
bacteria and fungi (5). Glycolipids are the best
known microbial surfactants. These compounds
are made up of carbohydrates associated to a
long chain of aliphatic or hydroxy-aliphatic acids.
Rhamnolipids are among the most-studied
glycolipids and are compounds that have one or
two rhamnose molecules linked to one or two α-
hydroxydecanoic acid molecules (6).

Surfactants produced microbiologically
offer a number of advantages over their chemical
equivalents, such as low toxicity, tolerance to
temperature, pH and ionic strength as well as the
possibility of being produced from renewable
substrates (7,8,9). Biosurfactants can be applied
in fields such as agriculture for the formulation of
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pesticides and herbicides; the food industry as
additives in condiments; and in pharmaceutical,
textile, cosmetic and petroleum industries, where
there are employed for the secondary recovery
of petroleum, such as in the removal and
mobilization of oil residuals and bioremediation
(10).

Despite their advantages, biosurfactants are
not widely used by industries due to the high
production costs associated to low productivity
and the use of expensive substrates. One possible
strategy for reducing production costs is the use
of alternative substrates, such as agricultural or
food industry wastes, which generally contain the
high levels of carbohydrates and lipids necessary
for the biosynthesis of biosurfactants (11).
Moreover, the use of wastes contributes toward
a reduction in environmental pollution and the
economic valuation of such products. Alternative
substrates, such as oil dregs, used oils, molasses
and wastes from the processing of cheese,
potatoes and cassava, are examples of byproducts
with potential for the production of biosurfactants
(12,13,14,15).

The aim of the present study was to
determine suitable replacements for chemical
surfactants byproducts with either low or no
toxicity using wastes as raw materials to reduce
the cost of these byproducts. The main objectives
of the study were to determine the potentiality of
an isolated strain of Pseudomonas aeruginosa
in producing biosurfactant from soybean oil waste
used in the frying of different foods, ammonia
nitrate and residue from an autolyzed brewery
biomass; and compare its performance to that of
Pseudomonas aeruginosa ATCC 10145, using
a complete factorial experimental design.

Materials and Methods

Microrganism

P. aeruginosa ATCC 10145 was kindly
donated by Dr. Ivano de Fillipis from the Instituto
Nacional de Controle de Qualidade em Saúde

(INCQS/FIOCRUZ) – Rio de Janeiro, Brazil. P.
aeruginosa was isolated from the soil of a
petroleum station having undergone gasoline and
diesel oil spills located in the city of Uberlândia,
Minas Gerais, Brazil. The bacterial strain was
identified as P. aeruginosa called strain UFU.
The cultures were maintained at 4°C in a bacto
nutrient broth (BD, cod. 234000) supplied by the
Becton Dickinson and Company, USA.

Culture Isolation

The medium proposed by Vecchioli (16),
added with 0.5% (v/v) of soybean oil fry waste
as the sole carbon source, was used for the
bacterial cultures using the pour-plate technique.
Among the isolated microorganisms, the one that
demonstrated the best surface tension reduction
of the culture medium after fermentation was
selected and identified. The isolated
microorganism was identified at the
Enterobacteria Laboratory of the Oswaldo Cruz
Institute (Rio de Janeiro, Brazil), following
traditional procedures based on bacterial
cytomorphology, biochemistry and physiology.

Growth Medium and Conditions

Growth of the bacterial culture was
performed on the medium proposed by Santos
(17), consisting of (g/L) NH

4
NO

3
 (1.7),

Na
2
HPO4 (7.0), KH

2
PO

4
 (3.0), MgSO

4
.7H

2
O

(0.2), yeast extract (5.0) and glucose (10.0).
Biosurfactant production assays were conducted
on the same mineral medium used for microbial
growth, with the addition of soybean oil fry waste
(g/L between 5 and 15), residual brewery yeast
(g/L between 0 and 10), NH

4
SO

4
 (g/L between 1

and 13). The residual brewery yeast, consisting
of 100% inactivated, dried cells of
Saccharomyces cerevisiae was provided by a
local brewery. The product composition was 8.0%
moisture, 40.0% protein, 3.0% fibrous matter,
8.0% mineral matter and aflatoxin (50 ppb). All
media were autoclaved at 121°C for 15 min after
adjusting the pH to 7.0 with 0.1 N HCl.
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The inoculum was prepared by adding
three loopfuls of cells from the stock culture to a
500 mL Erlenmeyer beaker containing 100 mL of
the growth medium. The inoculated medium was
incubated at 30 ± 1°C for 24 hours on a rotary
shaker (New Brunswick, USA) at 170 rpm.
Afterwards, optical density (600 nm) of bacterial
suspension was adjusted to 0.4 and an aliquot of
1 mL of inoculum (2%) was transferred to a 250-
mL Erlenmeyer beaker containing 50 mL of
medium and incubated at 30°C for 48 hours on a
rotary shaker at 170 rpm. Samples were collected
at defined time intervals and submitted to analysis.

Complete Factorial Experimental Design

The literature indicates that carbon and
nitrogen sources play a critical role in the
performance of rhamnose production by P.
aeruginosa strains (17). To investigate the effects
of soybean oil fry waste (WFSO), ammonium
sulfate (AS) and residual brewery yeast (RBY)
on the selected dependent variables (rhamnose
synthesis, emulsification index and surface
tension), a complete factorial experimental design
(CFED) was used on two levels (18). Statistical
calculations were performed using the Statistic
5.1 software program (State Ease Inc.,

Minneapolis, MN, USA). Using the CFED
method, a total of 16 experiments were conducted
with combinations of FSOW, AS, RBY and the
two Pseudomonas aeruginosa strains. Table 1
displays the range and levels of the variables
investigated.

Analytical Methods

Cell growth was determined by
measuring the optical density of samples, using a
UV-160A visible spectrophotometer (Shimadzu,
Co., Tokyo, Japan) at 540 nm. Cell concentration
was determined by dry weight filtering through a
0.45 µm previously weighed Millipore membrane
(19).

Surface tension (ST) was measured at
25°C using a Tensiometer (Fisher Scientific,
USA), which was previously calibrated with
surveyor weights. A decrease in surface tension
was used as a qualitative measurement of
surfactant concentration and a quantitative
indicator of efficiency.

 The biosurfactant emulsification index
(EI) was determined according to Cooper and
Goldenberg (20). Cell-free culture samples and
kerosene (at a ratio of 4:6) were vigorously mixed
for 2 min using a vortex (Phoenix, Brazil, model
AP-56) and left undisturbed for 24 h at room
temperature. EI 24 is the percentage of the height

Table 1. Real values of variables used in complete factorial experimental design

Independents Range and levels

Variables -1    +1

WFSO (g/L) X
1

 5 15

SA (g/L) X
2

 1 13

RBY (g/L) X
3

  0 10

Microorganism X
4

P. aeruginosa ATCC 10145 P. aeruginosa
isolated
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of the emulsified layer (cm) relative to the total
height of the liquid column, determined at the 24-
h time point.

The rhamnose concentration was
determined according to the methodology
described by Rahman et al. (21).

Results and Discussion

Effects of carbon and nitrogen
concentrations  on rhamnose production

Table 2 displays the results of the complete
factorial designs from the FSOW, AS and RBY
concentrations.

Table 2. Results of rhamnose production (RM), EI (E24) and ST obtained in the Experi-
ments with P.  aeruginosa ATCC 10145 and isolated P. aeruginosa UFU

EIa 24 emulsification index measured after 24-h incubation in kerosene
Inicial STb do meio de produção was 61mN/m

Table 2 displays the statistical delineation
used in the production of rhamnose by P.
aeruginosa ATCC 10145 and isolated P.
aeruginosa UFU under the different conditions.
Both strains were able to use the residue tested
(FSOW) and synthesize the biosurfactant.
Experiments 11 and 12 employed extreme FSOW,
RBY values and a minimal concentration of AS,
obtaining the highest production of rhamnose and

emulsification index as well as the lowest surface
tension value. According to Lang and Wullbrant
(22), high concentrations of carbon and nitrogen
in the fermented medium are needed for the
obtainment of high concentrations of rhamnose.
In the present study, the highest amount of
rhamnose (2.81 g/L), highest emulsification index
(100%) and lowest surface tension (30.5 mN/m)
were obtained from the isolated P. aeruginosa
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UFU, whereas the least adequate condition
occurred for P. aeruginosa ATCC 10145, with
the lowest production of rhamnose (0.25 g/L),
lowest emulsification index (40%) and highest
surface tension (41.1 mN/m).

Haba et al. (14) selected the P. aeruginosa
47T2 NCIB 40044 strain from 36 screened strains
due to its capacity to produce 2.7 g/l of rhamnose
from FSOW. Previous studies found that this strain
produced only 6.4 g/l of rhamnose through
cultivation in olive oil waste (23). De Lima et al.
(24) obtained a final concentration of 2.3 g/L of
rhamnose when P. aeruginosa PACL was
cultivated in WFSO.

As Table 2 shows, both strains are able to
reduce surface tension to below 35 mN/m.
According to Cooper (25), an organism is
considered a promising biosurfactant producer
when it produces tensoactive compounds with a
surface tension below 40 mN/m. In order for a
biosurfactant to be considered efficient, however,
this value must be below 35 mN/m. Studies on
rhamnolipid homologues extracted and purified
from the fermentation broth by Pseudomonas
aeruginosa 47T2 cultivated in oil dregs have
described a value of 32.8 mN/M for surface
tension (26). In a study carried out with vegetable
oils (olive, soybean and sunflower) at a
concentration of 20 g/L, Andrés et al. (27) found
that the broth fermented by P. aeruginosa 42
A2 achieved surface tension values of 32.0, 34.0
and 335.5 mN/m, respectively.

For all experiments, the biosurfactant
produced had intense emulsification properties.
The complete kerosene in water emulsions proved
stable for 24 hours. This analysis is a practical
measurement of biosurfactant use, as it gives the
compound the ability to emulsify non-miscible
liquids with the formation of a stable emulsion.
The results obtained in the present experiment
suggest that isolated Pseudomonas aeruginosa
UFU has both a better degradation capability

regarding soybean oil waste in fermented media
as well as a greater potential for producing
biosurfactant.

Statistical analysis of the data

From the CFED, the operational conditions of the
WFSO (X

1
), AS (X

2
), RBY (X

3
) and P.

aeruginosa strains (X
4
) were determined. As X

4

is a qualitative variable and the equation of the
empirical model must be in function of the
quantitative variables, it was necessary to perform
a correction of the adjusted equation, replacing
the X

4
 variation with either –1 or 1 in order to

maximize the response. Thus, the adjusted
empirical model for rhamnose synthesis containing
only significant parameters (p=0.05; Student’s t
test) is represented by Equation 1. Table 3 displays
the parameters and significance levels of the model
variables.

RM = 1.185 + 0.48X
1
 – 0.33X

2 
+ 0.187X

3 
-

0.187X
1
X

2
            (1)

The results show that X
1 

and X
3
 are highly

significant among the independent variables, as
they have positive coefficients (Eq. 1), according
to which an increase in their concentration
increases the production yield. The X

2
 variable

and the X
1
X

2
, interaction also have a significant

effect, as their negative signs initiate when their
concentrations are lower in the system, thereby
promoting an increase in the response (RM).

Table 3. Results of the regression for rhamnose
  synthesis

Codified Parameter T Studant Probability
Factor
Constant 1.0250 22.2485 0.0000
X

1
0.4800 10.4188 0.0004

X
2

-0.3300 -7.1629 0.0020
X

3
0.1875 4.0698 0.0152

X
4

0.1600 3.4729 0.0255
X

1
X

2
-0.1875 -4.0698 0.0152

R2 =
 
0.9832; Adjusted R² =0.9414; R =0.9916
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The goodness-of-fit of the model was
checked by determining the coefficient (R2) and
the multiple correlation coefficient (R). The R2

value (0.9832) for the complete equation (data
not shown) indicates that the sample variation of
98.32% for rhamnose was attributed to the
independent variables and only 1.68% of the total
variation cannot be explained by the model. The
value of the adjusted determination coefficient
(adjusted R2 = 0.9414) for Equation (1) is also
high, which demonstrates the high significance
of the model. The high R value (0.9916)
demonstrates high agreement between the
experimental observations and predicted values.
This correlation is also evident on the plot of
predicted versus experimental rhamnose values
in Figure 1, as all points cluster around the diagonal
line, meaning that no significant violations of the
model were found.

Kinetics of rhamnose production by isolated
P. aeruginosa UFU and P. aeruginosa ATCC 10145

Figure 3 illustrates the kinetics of
rhamnose production from the best results obtained
by P. aeruginosa ATCC 10145 (Experiment 11)
and isolated P. aeruginosa UFU (Experiment 12)

The 3D response surface (Fig. 2)
represents the empirically adjusted equation (Eq.
1) and is plotted to visualize the interactions of
the independent variables (WFSO, AS) as well
as locate the optimum level of each variable for
maximum response (rhamnose synthesis).

The response surface in Figure 2 reveals
that an increase in FSOW concentration and a
decrease in AS concentration cause an increase
in rhamnose synthesis.

Fig 1.  Predicted vs. experimental values plotted
for rhamnose

Fig 2. Response surface for rhamnose in relation to
WFSO and AS.

Fig. 3. Kinetics of growth (¦), rhamnose (O),
pH ( ) and surface tension (?): (A) Isolated P.
aeruginosa UFU and (B) P. aeruginosa ATCC 10145
cultivation from soybean oil fry waste.
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using soybean oil waste from fried food
preparation as the carbon source.

There was intense cell growth up to 36 h of
fermentation, when the stationary phase was
established, corresponding to biosurfactant
production (Yp/x) of 0.54 for the isolated strain
(Fig.3A) and 0.36 g rhamnose/g cells for the
ATCC 10145 strain (Fig.3B). At 72 h, the isolated
strain a achieved rhamnose synthesis level of 2.81
g/L, while the ATCC 10145 reached 1.96 g/L of
rhamnose at 54 h. In previously published studies,
Guerra-Santos et al. (28), Haba et al. (14) and
Dubey et al. (29) achieved 0.97-2.7 g/L of
biosurfactant production with different strains of
P. aeruginosa using glucose and fry oil waste as
carbon sources.

As Figure 3 shows, biosurfactant production
initially follows an exponential growth phase, but
when microbial growth ceases and a stationary
phase is achieved, rhamnose synthesis continues,
which suggests biotensoactive production partially
associated with microbial growth. These
observations were also described by Mayer et
al. (30), Benincasa et al. (31) and Yu-Hong et al.
(32). Perhaps the production of biosurfactant can
be classified as a secondary metabolite.
Biossurfactant production accompanies bacterial
growth in fry oil waste, which may help in the
adherence of cells to the substrate molecules and
their metabolism (33,34).

Due to the biotensoactive accumulation in
the medium, there was also a drop in surface
tension (Fig.3). Regarding pH, there was a
variation ranging from 7.01 to 8.5 and a tendency
toward final values greater than 7.2.

The type of carbon source affects the
properties (surface tension and emulsification
activity) and final concentration of the rhamnose
produced. These differences may be associated
to the composition of triglycerides in the substrates
used (35) as well as the activity of the microbial
lipase on these substrates (36).

Differences were found between the two
microorganisms tested in the present study with
regard to rhamnose production when the same
substrate was used. Differences in rhamnose
number in the composition of the rhamnolipids
may also result in differences in biotensoactive
properties (15).

Conclusion

With the complete factorial experimental design,
it was possible to determine the behavior of the
independent variables on rhamnose production,
the emulsification index and surface tension. The
present study demonstrated the biosurfactant-
producing potential from the re-use of a fried
soybean oil substrate by P. aeruginosa
ATCC10145 and a new isolated strain, which
obtained the best results regarding rhamnose
production (2.89 g/L), surface tension (30 mN/
m) and emulsification index (100%).
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Production of á-amylase

Abstract
In this study α-amylase activity

expression in Humicola lanuginosa was
evaluated under different environmental
conditions using solid state fermentation (SSF)
on different agricultural byproducts. The solid
supports for α-amylase production in SSF process
were wheat bran, wheat straw, rye straw, and
corncob leaf. Wheat bran has been found to yield
maximum production of á-amylase among these
solid substrates. Effects of process variables,
namely incubation time & temperature, initial
moisture content, pH, supplementary carbon
source, and inoculum level, on production of α -
amylase have been studied, and accordingly
optimum conditions have been determined. It has
been found that the á-amylase production is the
highest at 144 hr incubation period, 50ºC
incubation temperature, 90% initial moisture
contents, pH of 6 and 20% inoculum level. Soluble
starch has been found the best supplementary
carbon source.

Key words: solid state fermentation, Humicola
lanuginosa, agricultural byproducts,  α–amylase,
process optimization, solid support.

Introduction
Enzyme production is an emerging field

of biotechnology. At industrial scale, most of the
enzymes are manufactured by submerged

fermentation (SmF) techniques. However, in the
last decades, there has been an increasing trend
towards the utilization of the solid state
fermentation (SSF) technique to produce several
enzymes from thermophilic microorganisms (1-
8). Few important advantages of solid state
fermentation (SSF) over the traditionally employed
submerged fermentation (SmF) are higher yields
in a shorter time period, better oxygen circulation,
resemblance to natural habitats for filamentous
fungi, less effects in downstream processing, and
low energy consumption (9).

Amylases are a group of enzymes that
have been found in several microorganisms like
bacteria (1,2,10,11) and fungi (3,12). α-amylases
can be derived from plants, animals and microbes
but its production from microbial sources are cost
effective and fulfill the industrial demands. The
large number of α- amylases are available
commercially and they have almost completely
replaced chemical hydrolysis of starch (13).
Amylases are useful in a broad range of industrial
applications which include food, fermentation,
textile and paper industries.

Fungal α-amylases are produced by
different fermentation techniques.  Production of
these α-amylases has been investigated through
submerged fermentation (SmF) and solid state

Production of á-amylase from agricultural byproducts by
Humicola lanuginosa in solid state fermentation
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fermentation (SSF) (14). The major factors that
affect microbial production of á-amylase in a
solid state fermentation (SSF) system include
selection of a suitable substrate and
microorganism, particle size of the substrate,
inoculum concentration and moisture level of the
substrate. Out of these, the selection of suitable
solid substrate is a critical factor (6,15). The
production of α-amylase by submerged
fermentation (SmF) using synthetic media has
been reported by many workers (16-18). The
contents of synthetic media are very expensive
and uneconomical. Therefore, it needs to be
replaced by the more economically available
substrates to reduce the cost. In this regard, agro-
industrial residues are generally considered as
the best substrate for the production of amylases.
Table 1 provides few such substrates and
microorganisms for the production of different
types of amylases (19-29). Thus the use of solid
state fermentation (SSF) for α-amylase
production has many advantages over
submerged fermentation (SmF) due to its simple
techniques, low capital investment, lower levels
of catabolite repression and better product
recovery (5).

The thermal stability is an important
feature of most of the enzymes sold in bulk for
industrial application. So the selection of
thermophilic microorganisms is of particular
interest for the production of thermophilic á-
amylases (30). The thermophilic fungus H.
lanuginosa is selected for the production of
thermostable á- amylase in the present study.

The purpose of the present study is to
investigate the production of á-amylase under solid
state fermentation (SSF) process conditions. In this
paper the influence of pH, temperature, initial
moisture content, inoculation size and incubation
time on á-amylase production by H.  lanuginosa
through SSF using four agriculture byproducts viz.
wheat bran, corncob leaf, rye straw and wheat
straw has been investigated. The effect of
supplementary carbon sources (i.e. soluble starch,
sucrose, maltose, and glucose).

Materials and Methods
Microbial strain

The thermophilic fugal strain Humicola
lanuginosa was isolated from the soil (MIET,
Meerut) on glucose-peptone medium containing

Table 1: Amylase produced by SSF technique (19-29)

Support Microorganism Amylase Reference

Starch waste Bacillus megatarium β- amylase (19)
Wheat bran Pycnoporus sanguineus α- amylase (20)
Sorghum Starch Trichoderma sp. α- amylase (21)
Wheat bran A. niger Glucoamylase (22)
Wheat bran Bacillus amyloliquefaciens α- amylase (23)
Polyurethane foam A. oryzae α- amylase (24)
Corn floor Saccnaromycopsis capsrasis α- amylase (25)
Rice bran A. niger α- amylase (26)
Wheat bran A. niger Glucoamylase (27)
Urethane foam A. oryzae Glucoamylase (28)
Wheat bran Rhizopus sp. Glucoamylase (29)
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100 g/l of NaCl, purified on the same medium
and maintained on 1% malt extract agar slant at
4 0C.

Preparation of substrates

Different agricultural byproducts, wheat
bran (WB), wheat straw (WS), rye straw (RS)
and corncob leaf (CL) were obtained from local
market. These waste materials were washed first
with tap water followed by distilled water to
remove the adhered surface dust particles. Then
bleaching operation was carried out by immersing
them in hot water (75-800C) for 20 minutes
followed by oven drying at 450C. The dried
material was grinded in a mixer grinder (Remi)
then sterilized at 1210C, 15 psi pressure for 15
minutes and stored at 4 0C before further use.

Inoculum preparation

Actively growing and heavily sporulating
(ten days) old malt agar slant culture was added
to 10 ml sterile distilled water. The spores were
gently scraped off with the help of a sterile needle
and contents were passed through glass wool so
as to obtain spore inoculums free from mycelia
bits (31-33). A volume of one ml of spore
suspension contained more than 106 spores. They
were cultured in a medium containing soluble
starch 5 g., yeast extract 2 g., KH

2
PO

4
 1 g.,

MgSO
4
. 7H

2
O 0.5 g., distilled water 1000 ml. The

medium was autoclaved (1210C for 15 minutes),
allowed to cool, then aseptically added to sterile
500 ml Erlenmeyer flasks (100 ml added per
flask).These flasks with 100 ml liquid medium
were incubated with 2 ml spore suspension with
autoclaved distilled water and incubated at 50 ±
2 0C and 120 rpm for 2-3 days in the preliminary
experiments and only two days in all subsequent
experiments. All chemicals used were of reagent
grade.

Solid state fermentation
Four agriculture byproducts; wheat bran,

corncob leaf, rye straw, wheat straw was

considered as substrate. Five gm of each substrate
was taken into 250 ml conical flasks. To adjust
percentage moisture levels (w/v), 0.1M acetate
buffer, pH = 6.0 was added. The content of the
flasks were mixed thoroughly and sterilized in the
autoclave at 121 0C temperature and 1
atmospheric pressure for 20 min and then cooled
at room temperature. Each flask was incubated
with one ml of inoculum and subsequently rotated
in a rotary incubator shaker at 50 0C.

Optimization of process parameters
Various process parameters affecting á-

amylase production in solid state fermentation
(SSF) are optimized. The strategy was to optimize
each parameter independently and subsequently
optimum conditions were employed in each
experimental run.  The best solid substrate was
selected for optimum production of á-amylase
production and the suitable solid substrate was
used in subsequent experiments. The tested
process parameters in this study were initial
moisture content (20, 30, 40, 50, 60, 70, 80, 90,
100, 110%, w/v), inoculum concentration (5, 10,
15, 20, 25, 30%, v/w), incubation time (24, 48, 72,
96, 120, 144, 168, 192 h), incubation temperature
(30, 40, 50, 60, 70, 80 0C), initial pH (4, 5, 6, 7, 8),
and supplementary carbon sources (soluble
starch, sucrose, maltose, glucose). On the basis
of experimental data wheat bran was found to be
the best solid substrate in solid state fermentation
(SSF) process (details are mentioned in result and
discussion section).

Determination of dry weight of substrate
All four substrates are not available in

completely dried form. They generally contain
moisture. Prior to utilize them in bioprocess, it is
necessary to dry these solid substrates. Therefore,
in the present study the amount of wet solid
substrate was kept in the oven at 70 0C for 24 h
to remove the moisture from the solid substrate.
After drying, the mass of solid substrate was
measured.
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Enzyme extraction
At the end of solid state fermentation,

the solid substrates were mixed thoroughly with
acetate buffer (pH 6, 50 ml) containing 0.1 %
tween 80 surfactant (14). The contents were
mixed by shaking for two hours at 50 0C on a
rotary shaker at 200 rpm. The slurry was squeezed
by muslin cloths. The extract was filtered with a
Whatman No. 1 filter paper and the filtrate was
used as a crude á-amylase.

Enzyme assay
The α-amylase enzyme was assayed

accordingly to the method described by Miller (34).
The reaction mixture contained 200 µl soluble
starch in phosphate buffer (0.1M, pH = 6); 200 µl
of diluted enzyme and 300 µl phosphate buffer.
The reaction was incubated for 15 minutes at 30
0C, 300 µl dinitrosalicylic acid (DNS) solution
were added and boiled for 15 minutes. Before
cooling 100 µl Rochelle salt (40 % sodium
potassium tartarate) was added and colour was
measured at 575 nm. One unit of á-amylase
activity was defined as the amount of enzyme
that releases 1 mg of reducing sugar as glucose
per ml per minute under the assay conditions. All
data points correspond to triplicates of
independent experiments.

Estimation of moisture content
The moisture content of the wheat bran

was estimated by drying 10 g of wheat bran to a
constant weight at 70 0C for 24 h and the dry
weight was recorded. To fix the initial moisture
content of the solid medium, wheat bran was
soaked with the desired quantity of water. After
soaking, the sample was again dried as described
above and the percent moisture content was
calculated by the following formula (35). %
moisture content (initial) of solid medium = (wt.
of the wheat bran – dry wt.) x 100/ dry wt.

Result and Discussion
Screening of agriculture byproducts as
substrates for SSF

The selection of a suitable solid substrate
in solid state fermentation (SSF) is a critical factor.
In this study, four solid substrates are taken for
growth and enzyme fermentation by the selected
culture. In literature different solid substrates were
found to affect the production of enzymes (35-
36). In view of this the amylase activity in U/g
was measured for all four substrates at
temperature of 50 0C and pH 6. These amylase
activities are illustrated in Figure 1. It is evident
from this figure that the maximum amount of
amylase activity (267 U/g) is obtained in presence
of wheat bran alone. The activity decreases in
order of wheat bran (WB)> wheat straw (WS)>
rye straw (RS)> corncob leaf (CL). In previous
studies also (36,37) wheat bran was found to be
best substrate for glucoamylase production by an

Fig. 1. Effect of solid substrates on á-amylase activity

Fig. 2. Effect of initial pH of medium on á-amylase
activity

a - amylase activity (V/g) on different agricultural
by products

Wheat bran Corncod leaf rye straw Wheat straw
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Aspergillus sp. and suitable for necessary
manipulation. In further experiments, therefore,
wheat bran has been used as most suitable
substrate out of four selected substrates for the
production of á-amylase.

Effect of initial pH of the medium on á-
amylase activity

The pH of the growth medium is one of
the physio-chemical parameters responsible for
morphological changes in the organism and in
enzyme secretion. In the present study the
influence of pH on amylase activity has been
studied by varying pH from 4 to 8. The variation
in pH is carried out by adding acid or base buffer
as per requirement. The trend in Figure.2 indicates
that amylase activity first increases on increasing
pH of medium, reaches maximum (269 U/g) at
pH of 6 and then decreases. The variation in
amylase activity from 4 to 7 is small, indicating
excellent buffering properties of wheat bran used
in SSF. A similar study has been reported by
Gangadharan et al. (23).

Influence of incubation temperature on á-
amylase activity

The growth of the microorganism is
related to temperature which in turn influences
the amylase production (23). The Fig.3 shows
the variation in amylase activity at different
temperatures varying from 30 to 80 0C. The

maximum amylase production (266 U/g) has been
observed at 50 0C. It has also been reported that
the metabolic heat generated during microbial
cultivation in SSF exerts harmful effects on the
microbial activity (38) and thus the initial set
temperature is vital.

Effect of initial moisture content of the
medium on the production of á-amylase

The maximum amylase activity (288 U/
g) has been attained at the initial moisture content
level of 90% (Fig.4). The critical importance of
moisture level in SSF media and its influence on
the biosynthesis and selection of enzymes can be

Fig. 3.     Effect of incubation temperature on á-amylase
activity

Fig. 4.     Effect of initial moisture content of the medium
on á-amylase activity

attributed to the interference of moisture in the
physical properties of the solid particles. An
increase in moisture level is believed to reduce
the porosity of the wheat bran, resulting in limited
oxygen transfer (8). Low moisture content causes
reduction in the solubility of nutrients of the
substrates and the low degree of swelling (39).

Influence of inoculum size on á-amylase
activity

The inoculum level is an important factor
for the production of á- amylase. Higher inoculum
concentration increases the moisture content to
a significant extent. The free excess liquid present
in an unabsorbed form, therefore, gives rise to an
additional diffusional barrier together with that
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imposed by the solid nature of the substrate and
leads to a decrease in growth and enzyme
production (5). Lower inoculum level results in a
lower number of cells in the production medium.
This requires a longer time to grow to an optimum
number to utilize the substrate and to form the
desired product (40). In the present study, the
maximum amylase activity was found at 20 % of
inoculum level. After this inoculum concentration
no significant increase in enzyme activity has been
found (Fig.5). This may be due to the limiting
nutrients at higher inoculum size.

incubation time and after 144 h the enzyme
production decreases due to substrate inhibition.
Thus, the maximum enzyme has been produced
at 144 h of incubation time. A similar result has
been reported by Ellaiah et al. (37).

Effect of supplementation of carbon sources
on á-amylase activity

The influence of four supplementary
carbon sources has been studied. These carbon
sources are soluble starch, sucrose, maltose,
glucose. Among all supplementary carbon sources,
the soluble starch has been found to be the best
source for maximum amylase production (Fig.7).

Fig. 5. Effect of inoculum size on á-amylase activity

Fig. 6. Effect of incubation time on α-amylase activity

Effect of incubation time on á-amylase
activity

Figure.6 shows the variation in amylase
activity with incubation time at temperature 50
0C and pH 6.The trend indicates that the amylase
production increases with the increase in

Fig. 7.    Effect of supplementary carbon sources on á-
amylase activity

The data corresponding to control in figure-7
indicates the production without additional carbon
source. In previous studies, the soluble starch was
also reported as the best carbon supplement for
amylase production in M. thermophila D14 (8)
and A. fumigatus (41,42).

Conclusion

The use of solid state fermentation (SSF)
for production of á-amylase using Humicola
lanuginosa is an economical process and is very
simple to apply. All the solid substrates wheat bran,
corncob leaf, wheat straw, rye straw can be used
for supported biosynthesis of α-amylase using H.
lanuginosa under SSF. However, these
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substrates did not cause enzyme productions as
high as wheat bran. Therefore, wheat bran has
been superior to other solid substrates for the
synthesis of á -amylase from Humicola
lanuginosa by solid state fermentation. The
maximum productivity of á-amylase (356 U/g)
was achieved by utilizing wheat bran as the solid
substrate with soluble starch as an additional
carbon source in 144 h at temperature 50 0C and
moisture content of 90%, pH of 6, and inoculum
level of 20 % (w/v). Although the results of these
investigations are based on experiments
conducted in flasks, they provide valuable
information for the production of á-amylase by
solid state fermentation process at a larger scale.
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CYP3A5*3 and CYP3A5*6 Polymorphisms and Breast Cancer

Abstract
CYP3A5 gene is located on chromosome

7q21.1 and is responsible for the metabolism of
over 50% of all clinically used drugs. 250 breast
cancer and same number of healthy age matched
controls were analyzed for the polymorphisms of
CYP3A5*3 and CYP3A5*6   by polymerase
chain reaction-restriction fragment length
polymorphism. The normal wild type allele
CYP3A5*1 produces correct transcript and
individuals with at least one CYP3A5*1 allele can
express CYP3A5 at higher levels. In the present
study, the frequency of heterozygotes for
CYP3A5*1 (1/3) was significantly increased in
breast cancer (53.0%) when compared to controls
(41.4%) with corresponding increase in
CYP3A5*1 allele frequency. The frequency of
3/3 genotype was increased in postmenopausal
(40.0%) patients with high BMI, ER, PR and
HER2/neu positive status and in housewife group.
There was an increase of 1/3 genotype frequency
in patients with positive family history and
agricultural laborers (55.6%). In conclusion our
results suggested that the CYP3A5*3
polymorphism might influence the breast cancer
etiology which mainly depends on the type of
exposure. CYP3A5*6 allele was not observed in
cases as well as in controls.

Keywords: Polymorphisms; Breast cancer;
Receptor status
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Introduction
CYP3A enzymes are the most abundantly

expressed cytochrome P450 enzymes in liver and
are responsible for the metabolism of over 50%
of all clinically used drugs (1) Gellner et al (2)
had identified a 231-kb region on chromosome
7q21.1 containing 3 CYP3A genes: CYP3A4,
CYP3A5 and CYP3A7, as well as 3 pseudogenes
and a novel CYP3A gene, which they termed
CYP3A43. Jounaidi et al (3), isolated the 5-prime
flanking region of CYP3A5 from a genomic clone
on chromosome 7. Promoter analysis determined
that CYP3A5 uses a CATAA box, rather than a
TATA box at positions -23 to -28 and has a basic
transcription element from -35 to -50.

Kuehl et al (4) stated that variation in the
CYP3A enzymes could influence circulating
steroid levels and responses to 50% of oxidatively
metabolised drugs. CYP3A activity was the sum
activity of the family of CYP3A genes, including
CYP3A5, which was polymorphically expressed
at high levels in a minority of Caucasians. Only
individuals with at least one CYP3A5*1 (wild
type) allele express large amounts of CYP3A5.
Kuehl et al (4) demonstrated that SNPs in
CYP3A5*3 (6986A-G) and CYP3A5*6 (a G-
to-A transition in exon 7 resulting in deletion of
that exon) cause alternative splicing and protein
truncation, resulting in the absence of CYP3A5
from tissues of some people. Because CYP3A5
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represents at least 50% of the total hepatic
CYP3A content in people polymorphically
expressing CYP3A5, it might be the most
important genetic contributor to interindividual and
interracial differences in CYP3A-dependent drug
clearance and in responses to many medicines.
There are substantial interindividual differences
in CYP3A expression, exceeding 30-fold in some
populations like African Americans, Southeast
Asians, Pacific Islanders and Southwestern
American Indians. The higher prevalence of
CYP3A5 expression in non-Caucasians indicated
that they are more likely to experience higher
clearance of drugs principally inactivated by
CYP3A so less likely to experience dose-limiting
toxicities, and have different risks of diseases that
are associated with the CYP3A5 expressor
phenotype. The relatively low levels of metabolic
activity of CYP3A5 protein as observed in Korean
population suggested that they would be at greater
risk for drug toxicity even at conventional doses
(5).

Similar frequencies of CYP3A5*3 were
observed in the leukemic patients and normal
controls. Consequently, the finding suggested that
the CYP3A5 polymorphism was not associated
with the risk of myeloid leukemia (6). CYP3A5*6
was not found in Asian population.

Materials and Methods

A group of 250 breast cancer patients were
selected for the present study. 250 healthy and
age matched women without family history of
breast cancer or any other cancers were selected
to serve as control group. Cases were chosen
from Nizam’s Institute of Medical Sciences after
confirmed diagnosis and controls included healthy
volunteers. The diagnosis of breast cancer was
established by pathological examination,
mammography, Fine needle aspiration (FNAC)
and biopsy. Epidemiological history such as age
at onset of breast caner, diet, socioeconomic
status, occupation, reproductive history, family

history and consanguinity was taken through
personal interview with breast cancer patients
using specific proforma. The patients were
screened for receptor status of estrogen,
progesterone and HER-2/neu by immunohisto
chemical assay. Clinical history such as size of
the tumor, presence of auxiliary nodes, extent of
metastasis, stage and type of the breast cancer,
chemotherapeutic drugs used and prognosis of
the disease was collected with the help of
oncologist. Informed consent was taken from all
patients and controls included in the study. The
approval of ethical committee was taken before
initiation of the work.

Five milliliters of blood was collected in an
EDTA vaccutainer from patients as well as
controls. DNA was isolated (7) and used for
amplification of CYP3A5*3 and CYP3A5*6 by
PCR-RFLP (8). CYP3A5*3 polymorphism

This polymorphism was detected by using
modified primers. The polymorphism of the
CYP3A5*3 (nt 22893 G) with the mutagenic base
C at nt 22889 was introduced as the fourth base
at 3’ end of the forward primer created the Dde
I site after PCR (Fig 1) The 155 bp product was
digested into 121 and 34 bp fragments for
CYP3A5*1 and 97, 34 & 24 bp fragments for
CYP3A5*3 allele. The heterozygote is identified
by the presences of 121, 97, 34 & 24 bp fragments.
CYP3A5*6 polymorphism

PCR-RFLP was done for identification of
CYP3A5*6 polymorphism using specific primers.
The amplified product (268 bp) was digested with
1 unit of Dde I enzyme (New England biolabs) at
370C for overnight and electrophoresed on 14%
PAGE (Fig 2) and noticed  DNA fragments of
size 120, 103, 25 &20 for CYP3A5*1 and 128,
120 & 20 for CYP3A5*6 allele.

Statistical analysis
The results were analyzed using appropriate

statistical tests by SPSS Version 14. Odds ratio
was estimated to calculate the relative risk for
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each genotype to develop disease. Differences
in genotype frequency distribution between
disease and control groups was done using 2*2

χ2 and χ2 test for heterogeneity.

Results and Discussion
The cytochrome P450 (CYP) catalyzes

the metabolism of numerous exogenous and
endogenous molecules. CYP3A5 was found to
be more efficient in activating aflotoxin B1 to
carcinogenic form (9). CYP3A5 was considered
as a candidate gene for prostate cancer as the
expression was observed in both normal as well
as in tumor tissue, whereas CYP3A4 expression
was limited to normal prostate tissue. The
hypothesis that prostate cancer risk might be
associated with CYP3A5 genotype had been
strengthened by the report of linkage

disequilibrium between CYP3A5 and CYP3A4
alleles (10). The proportion of CYP3A4*1B and
CYP3A5*1 alleles was found to be increased in
liver, gastric and colorectal cancer patients (11)
and these findings were in accordance with other
studies from Caucasian population (12).

In the present study, the frequency of
heterozygotes for CYP3A5*1 (1/3) was
significantly increased in breast cancer (53.0%)
when compared to controls (41.4%) with
corresponding increase in 3A5*1 allele frequency
(Table 1). The study group showed deviation from
Hardy-Weinberg equilibrium but not controls
(÷2=0.58) indicating selective forces operating in
disease group (÷2=5.09*) (Table 1). The
frequency of CYP3A5*3 allele was found to be
similar in both leukemia (CML, AML) group and
controls (7). Nogal et al (13) had reported that

Table 1. CYP3A5*3 polymorphism with respect to breast cancer and epidemiological parameters

Parameters 1/1     1/3    3/3 Allele
                                                                                                                      Frequency

n % n % n % 1 3

Disease (249) 25 10.0 132 53.0 92 37.0 0.37 0.63
Controls (249) 28 11.2 103 41.4 118 47.4 0.32 0.68
Menopausal Status
Premenopausal (124) 10 8.1 72 58.1 42 33.9 0.37 0.63
Postmenopausal (125) 15 12.0 60 48.0 50 40.0 0.36 0.64
Familial History
Familial (74) 2 2.7 32 43.2 40 54.1 0.24 0.76
Non-Familial (176) 2 1.1 70 39.8 104 59.1 0.21 0.79
BMI
<20 (14) 2 14.3 11 78.6 1 7.1 0.54 0.46
20-26.4 (27) 5 18.5 14 51.6 8 29.6 0.44 0.56
26.4-30 (104) 11 11.0 61 59.0 32 31.0 0.40 0.60
>30 (45) 4 8.9 21 46.7 20 44.5 0.32 0.68
Occupation
Housewives (173) 2 1.2 66 38.2 105 60.7 0.20 0.80
Agriculture (27) 0 0 15 55.6 12 44.4 0.28 0.72
White-Collar Jobs (43) 2 4.7 17 39.5 24 55.8 0.24 0.76

Others (7) 0 0 4 57.1 3 42.9 0.21 0.79
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functional polymorphisms, such as CYP3A5*3
could alter individual susceptibility to lung cancer.
The results of their study suggested that the
carriers of this allele are at lower risk of developing
advanced lung caner probably due to decreased
activation of procarcinogens present in the tobacco
smoke.

The CYP3A5*1 allele represent wild type
which has faster kinetics of metabolising various
drugs and environment carcinogens. In general,
when chemical compounds enter the body, the
phase I enzymes will metabolize these compounds
into procarcinogens and they are more active than
parent compounds. This indicates the possibility
that wild type allele with faster kinetics can form
more active procarcinogens leading to
development of breast cancer. The CYP3A5*3
allele cannot metabolize compounds and results
in accumulation of environmental compounds
which might also act as carcinogens (2).

The frequency of 3/3 genotype was
increased in postmenopausal women (40.0%)
with breast cancer. Postmenopausal women tend
to have prolonged exposure to carcinogens during
lifetime, which might predispose them to develop
breast cancer especially with CYP3A5*3 allele
as it is inefficient to metabolize the carcinogenic
compounds. There was a slight increase of 1/3
genotype in patients with positive family history,
which suggest that these genes might play
important role in causing germline mutations in
major candidate genes leading to familial
susceptibility to develop cancer.

Higher frequency of 3/3 genotype was
found to be present in patients with obesity. The
environmental carcinogens, which enter into body,
are generally stored in adipose tissue and may
form DNA adducts in individuals who has lower
activity of CYP3A5 gene. So the patients with 3/
3 genotype as well as elevated BMI carry
increased risk to develop breast cancer. When

occupation of breast cancer was considered, the
frequency of homozygous (3/3) genotype was
increased in patients who are housewives (60.7%)
and heterozygous (1/3) genotype was increased
in agricultural laborers (55.6%) which suggested
that the CYP3A5 dependent risk of developing
breast cancer depends on the type of exposure
to different environmental compounds as well as
drugs used for various medical reasons (Table
1).

The frequency of 3/3 genotype was in-
creased in patients with estrogen and progester-
one receptor positive status indicating that indi-
viduals with positive hormonal receptor status and
3/3 genotype carry higher risk to develop cancer.
Higher frequency of patients with 3/3 genotype
were found to be positive HER2/neu status. No
significant association was observed when
CYP3A5*1 gene with respect to stage of the
breast cancer and nodal status of the patients,
which indicated that CYP3A5*3 polymorphism
might not be a contributing factor in the progres-
sion of the disease (Table 2).

In the present study, the CYP3A5*6 al-
lele was not observed in breast cancer cases as
well as in controls. Our results are in accordance
with other studies on Taiwan and Korean popu-
lation who did not report the CYP3A5*6 allele
(6,7).

In conclusion our results suggested that
the CYP3A5*3 polymorphism might influence the
breast cancer etiology which mainly depends on
the type of exposure.
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Table 2. CYP3A5*3 polymorphism with respect to Clinical parameters

Parameters      1/1     1/3    3/3 Allele
                                                                                                                      Frequency

n % n % n % 1 3

Estrogen receptor
Positive (90) 7 7.8 45 50 38 42.2 0.33 0.67
Negative (97) 14 14.4 50 51.5 33 34.0 0.40 0.60
Progesterone receptor
Positive (87) 6 6.9 45 51.7 36 41.4 0.33 0.67
Negative (100) 15 15 50 50 35 3 0.40 0.60
HER2/neu
Positive (26) 0 0 7 26.9 19 73.1 0.13 0.87
Negative (27) 3 11.1 4 14.8 20 74.1 0.19 0.81
Node Status
Positive (121) 1 0.8 52 42.6 69 56.6 0.22 0.78
Negative (74) 2 2.7 31 41.3 42 56.0 0.23 0.77
Stage
I (11) 0 0 7 63.6 4 36.4 0.32 0.68
II (96) 8 8.3 50 52.1 38 40 0.34 0.66
III (72) 7 9.7 41 56.9 24 33.3 0.38 0.62
IV (48) 8 16.7 21 43.8 19 40.0 0.39 0.61

Table 3. Chi Square and Odds Ratios (OR) for CYP3A5*3 polymorphism with respect to Breast
  cancer, Epidemiological and Clinical parameters

Parameters Chi Square  P OR      CI Intervals (1/3 Vs 3/3)

Breast cancer 6.968 0.03* 1.6437 1.1296-2.3918
Menopausal Status 2.783 0.25 1.4286 0.8371-2.438
Familial History 1.182 0.554 1.1886 0.6824-2.0703
BMI 8.715 0.19      - -
Occupation 6.859 0.334      - -
Estrogen receptor 2.69 0.26 0.7816 0.4221-1.4474
Progesterone receptor 3.246 0.19 0.875 0.4729-1.619
HER2/neu 3.826 0.148 1.8421 0.4636-7.3197
Node Status 1.061 0.588 1.021 0.5675-1.8369
Stage 5.196 0.52   - -

*Significant Chi –Square value (P<0.05)
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Abstract
Monolithic matrix type transdermal drug

delivery systems (TDDS) of atomoxetine
hydrochloride (A-HCl) were prepared by the film
casting on a mercury substrate and characterized
by physicochemical characteristics like thickness,
weight variation, drug content, flatness, folding
endurance and in vitro drug release studies, ex
vivo skin permeation studies. Eight formulations
(carrying Eudragit RL100 and Hydroxypropyl
methyl cellulose 15 cps in the ratios of 8:2, 6:4,
4:6, 2:8 in formulations A-1, A-2, A-3, A-4 and
Eudragit RS 100 and Hydroxypropyl methyl
cellulose 15 cps in the same ratios in formulations
B-1, B-2, B-3, B-4 respectively) were prepared.
All formulations carried 20 mg of drug, A-HCl,
10% w/w of propylene glycol as penetration
enhancer, 10% w/w of dibutyl phthalate as
plasticizer in ethanol. The formulations exhibited
uniform thickness, weight and good uniformity in
drug content. The maximum drug release in 24
hrs for A-series formulations was 95.52 % (A-
3) and for B-series, it was 89.55 % (B-4). Again
formulations A-3 (Kp = 3.53 X 10-2 cm h-1) and
B-4 (Kp = 3.20 X 10-2 cm h-1) exhibited the best
skin permeation potential in the respective series.
On the basis of in vitro drug release and ex vivo
skin permeation performance, formulation A-3
was found to be better than the other seven
formulations. The results of the study show that
A-HCl could be administered transdermally

through the matrix type TDDS for effective
control of attention-deficit/hyperactivity disorder
(ADHD) in children, adolescents, and adults.

Keywords: Transdermal, atomoxetine
hydrochloride, propylene glycol, Eudragit, HPMC.

Introduction
Delivery of drugs into systemic circulation

via skin has generated a lot of interest during the
last decade as transdermal drug delivery systems
(TDDS) offer many advantages over the
conventional dosage forms and oral controlled
release delivery systems notably avoidance of
hepatic first pass metabolism, decrease in
frequency of administration, reduction in
gastrointestinal side effects and improves patient
compliance (1).  Matrix based transdermal
formulations have been developed for a number
of drugs such as metoprolol (2), nitrendipine (3),
ephedrine (4), ketoprofen (5), propranolol (6),
labetolol hydrochloride (7) and triprolidine (8).

Atomoxetine hydrochloride (A-HCl) is a
potent inhibitor of the presynaptic norepinephrine
transporter with minimal affinity for other
monoamine transporters or receptors and is the
first non-stimulant medication approved for the
management of attention-deficit/hyperactivity
disorder (ADHD) in children, adolescents, and
adults.

Transdermal Drug Delivery System for Atomoxetine
Hydrochloride – In vitro and  Ex vivo Evaluation

Mamatha T1, Venkateswara Rao J1*, Mukkanti K2 and Ramesh G3

1Sultan–Ul–Uloom College of Pharmacy, Road No.3, Banjarahills, Hyderabad-500034, (A.P.), India
2Centre for Environment, Jawaharlal Nehru Technological University, Kukatpally

Hyderabad-500072 (A.P.), India
3Centre for Biopharmaceutics and Pharmacokinetics, University College of Pharmaceutical Sciences

Kakatiya University, Warangal- 506 009 (A.P.), India
*For Correspondence:  jvrao1963@yahoo.co.in

Current Trends in Biotechnology and Pharmacy
Vol. 3 (2) 188-196,  April   2009.  ISSN 0973-8916



189

Mamatha et al

A-HCl is well absorbed after oral
administration with peak plasma concentrations
in 1 to 2 hours after a dose. Bioavailability is about
94% in poor metabolisers but only 63% in
extensive metabolisers. Atomoxetine is
metabolized primarily via the cytochrome P450
isoenzyme CYP2D6 to the active metabolite 4-
hydroxyatomoxetine; a minority of the population
are poor metabolisers and experience plasma
concentrations about 5 times those in extensive
metabolisers. The half life of atomoxetine is about
5.2 hours in extensive and 21.6 in poor
metabolisers (9). A-HCl due to its low therapeutic
dose (10-100 mg) and substantial
biotransformation in liver becomes it ideal
candidate for design and development of
transdermal therapeutic system. A-HCl in
transdermal formulations provides sustained blood
levels over a prolonged period, which is required
for control of ADHD.

In spite of several advantages offered by
transdermal route, only a few drug molecules are
administered transdermally because the
formidable barrier nature of stratum corneum.
Two major approaches to increase transdermal
permeation rate include physical techniques
(iontophoresis, electroporation, sonophoresis, and
microneedles) and use of chemical penetration
enhancers (PE) such as solvents, surfactants,
fatty acids, and terpenes.

Propylene glycol (PG) is the most commonly
used pharmaceutical excipients and have been
widely employed to enhance the transdermal flux
of many drugs (10-14). Various mechanisms of
action have been attributed to the PG for its
penetration enhancement capabilities such as
increased thermodynamic activity (15), increased
skin/vehicle partitioning of the drug (16), and
alteration of barrier property by interacting with
skin components. PG may reduce barrier property
of skin by causing conformational changes either
in lipid acryl chains (17) or protein domains (18)
or by partial lipid extractions (19).

The objective of this study was to formulate
transdermal patches of A-HCl and to evaluate
the effect of PG in drug release.

Materials and Methods

Materials

Atomoxetine HCl, Eudragit RL 100 (ERL)
(Rohm Pharma GmbH, Germany) and Eudragit
RS 100 (ERS) (Rohm Pharma GmbH, Germany)
were procured from Aurobindo Pharmaceuticals
(Hyderabad, India). Liquid mercury, dibutyl
phthalate (DBP), hydroxypropyl methyl cellulose
(HPMC), propylene glycol (PG), disodium
hydrogen phosphate, potassium dihydrogen
phosphate, sodium chloride were purchased from
S.D. Fine Chemicals Limited, India. All the
materials used were of analytical grade.

Preparation of TDDS

The composition of various formulations is
given in Table 1. The polymeric solution (10% w/
v) was prepared by dissolving ERL-100/ ERS-
100 and HPMC in different ratios, along with A-
HCl, DBP and PG in ethanol. The solution was
poured into a glass ring placed on the surface of
liquid mercury kept in a petridish. The solvent
was allowed to evaporate under ambient
conditions (temperature 320C and relative humidity
45%) for 24 hours. Aluminum foil was used as
backing film. The polymer was found to be self
sticking due to the presence of eudragit polymers
along with plasticizer. The patches were cut to
give required area and stored in airtight container
till further use.

Physicochemical Evaluation
Thickness and Weight Variation

The thickness of the patches was
assessed at 6 different points using screw gauze.
For each formulation, three randomly selected
patches were used. For weight variation test, 3
films from each batch were weighed individually
and the average weight was calculated (Table
2).
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Flatness
Longitudinal strips were cut from each

film, one from the centre and two from either
side. The length of each strip was measured and
the variation in the length because of uniformity
in flatness was measured by determining percent
constriction, considering 0 % constriction
equivalent to 100% flatness (20).

% Constriction = l
1
-l

2
/ l

2
 X 100

Where l
1
 is initial length of each strip, l

2
 is final

length of each strip.

Folding Endurance
The folding endurance was measured

manually as per the reported method (21).  Briefly,
a strip of the film (4 x 3 cm) was cut evenly and
repeatedly folded at the same place till it broke.
The thinner the film more flexible it is.

Drug Content Determination
The patch (1 cm2) was cut and added to

a beaker containing 100 ml of phosphate buffered
saline pH 7.4 (PBS). The medium was stirred
(500 rpm) with teflon coated magnetic bead for 5
hours. The contents were filtered using whatman
filter paper and the filtrate was analysed by
U.V.spectrophotometer (Elico, SL-164,
Hyderabad, India) at 269 nm for the drug content
against the reference solution consisting of
placebo films.

In vitro drug release studies
The in vitro release was carried out with

the dialysis membrane using Franz diffusion cell.
The cell consists of two chambers, the donor and
the receptor compartment. The donor
compartment was open at the top and was
exposed to atmosphere. The temperature was
maintained at 37 ± 0.5o C and receptor
compartment was provided with sampling port.
The diffusion medium used was PBS pH 7.4
solution. The drug containing film with a support
of backing membrane was kept in the donor
compartment and it was separated from the

Table 1. Composition of Atomoxetine HCl Transdermal
Delivery Systems

Note: All the formulations carried 10 % w/w propylene
glycol as penetration enhancer.  All the formulations
carried 10 % w/w dibutyl phthalate as plasticizer

Table 2. Physicochemical Characteristics of Prepared
Films

a Values presented are mean ± S.D (n=3 )

Table 3.  In vitro drug release and skin permeation of
the developed TDDS

a Values presented are mean ± S.D (n=3 )
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receptor compartment by dialysis membrane with
molecular weight cut off between 12000 to 14000
(Himedia, Mumbai, India). The dialysis membrane
was previously soaked for 24 hours in PBS pH
7.4. The donor and receptor compartment hold
together using clamp. The receptor compartment
with 15 ml of PBS pH 7.4 was maintained at 37
± 0.5 oC and stirred with magnetic capsule
operated by magnetic stirrer, to prevent the
formation of concentrated drug solution layer
below the dialysis membrane. Samples of 3 ml,
were collected at predetermined time intervals
and replaced with fresh buffer. The concentration
of drug was determined by UV.
spectrophotometrically at 269 nm. Cumulative
percentage drug released were calculated (Table
3) and plotted against time (Fig. 1 and 2). The
data was fitted to different kinetic models to explain
the release mechanism and pattern using the
following equations.

Zero order equation  Q =  Q
o
 = Kt

First order equation  Q =  Q
o
 = e -Kt

                   Higuchi equation Q =   Kt 1/2

Where, Q is the cumulative amount of
drug released, Q

0
 is the initial amount of drug, k

is release constant and t is time.

Preparation of Skin
Prior approval by Institutional Animal

Ethics Committee was obtained for conduction
of experiment (Ref: IAEC/SUCP/03/2007). The
albino rats were obtained from Sainath Animal
Agency, Hyderabad, India. Albino rats weighing
170-190 gm were sacrificed using anesthetic
ether. The hair of test animals was carefully
removed with the help of depilatory and the full
thickness skin was removed from the abdominal
region. The epidermis was prepared surgically
by heat separation technique (22), which involved
soaking the entire abdominal skin in water at 60
°C for 45 sec, followed by careful removal of the
epidermis. The epidermis was washed with water
and used for ex vivo permeability studies.

Ex vivo Skin Permeation Studies

The ex vivo skin permeation studies were
carried out using Franz diffusion cell (Fig. 1) with
a diffusional area of 3.73 cm2. Rat abdominal skin
was mounted between the compartments of the
diffusion cell with stratum corneum facing the
donor compartment. The receiver phase is 15 ml
of PBS pH 7.4, stirred at 300 rpm on a magnetic
stirrer. The stratum corneum side of the skin was
kept in intimate contact with the film and over
that placed a backing membrane. The whole
assembly was kept in a water bath at 37 ± 0.5
oC. Samples (3 ml) were collected at
predetermined time intervals and replaced with
fresh buffer. The concentration of drug was
determined by U.V. spectrophotometrically at 269
nm. Cumulative percentage drug permeated was
calculated and plotted against time (Fig. 3 and 4).
Flux was determined directly as the slope of the
curve between the steady state values of the
amount of drug permeated (mg cm-2) v/s time
(hours) (23) and permeability coefficients were
deduced by dividing the flux by the initial drug
load (mg cm-2) as shown in Table 3.Fig. 1. Schematic diagram of Franz diffusion cell
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Fig. 2. In vitro release profiles of atomoxetine
hydrochloride from TDDS using Franz diffusion
cell.

Fig. 3. In vitro release profiles of atomoxetine
hydrochloride from TDDS using Franz diffusion
cell.

Fig. 4. Ex vivo permeation profiles of
atomoxetine hydrochloride from TDDS using
Franz diffusion cell.

Fig. 5. Ex vivo permeation  profiles of
atomoxetine hydrochloride from TDDS using
Franz diffusion cell.

Results and Discussion
The results of physicochemical

characteristics are depicted in Table 2. The
weights are ranged from 19.1 ± 2.67 to 24.9 ±
3.76 mg and 19.6 ± 3.78 to 23.1 ± 2.90 for
formulation A and B series respectively.
Thickness ranged from 125 ± 1 ì  to 142 ± 3 ì  (A
series) and 122 ± 1 ì to 134 ± 3 ì  (B series).
The weights are found to be high with films
prepared with higher proportions of HPMC as

one of two polymers. As the proportion of HPMC
was decreased, the thickness was also decreased.
Good uniformity in drug content was observed
and it ranged from 97.1 ± 0.19 mg to 99.4 ± 0.16
mg (A series) and 97.2 ± 0.11 mg to 99.2 ± 0.19
mg (B series).

The results of flatness study showed that
none of the formulations had the difference in
the strip lengths before and after their cuts, thus
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indicating 100% flatness. It shows that no amount
of constriction in the patches and thus they could
maintain a smooth surface when applied onto the
skin. The folding endurance was found to be
between 209 ± 5.34 to 249 ± 1.00 and it was
found to be satisfactory.

In vitro release studies
The results of in vitro drug release studies

from transdermal patches are depicted in Fig 2
and 3. The cumulative percent of drug release
from formulations of A-series was 70.70, 91.60,
95.52 and 94.4 respectively from A-1, A-2, A-3
and A-4 and of B-series was 58.02, 63.24, 85.07
and 89.55 respectively from B-1, B-2, B-3 and
B-4 (Table 3). The drug release from different
formulations was increased in the following order:
A-3>A-4>A-2>B-4>B-3>A-1>B-2>B-1.

Variable release profiles of A-HCl from
different experimental patches composed of
various blends of ERL/HPMC and ERS/HPMC
were observed. The process of drug release in
most controlled release devices is governed by
diffusion, and the polymer matrix has a strong
influence on the diffusivity as the motion of a small
molecule is restricted by the three-dimensional
network of polymer chains (24).

Release rates were increased when the
concentration of HPMC increased in the
formulations. This is because as the proportion
of this polymer in the matrix increased, there was
an increase in the amount of water uptake and
hydration of the polymeric matrix and thus more
drug was released (25). Formulation A4 showed
less drug release compared to formulation A3,
this is because the high proportion of HPMC
swellable polymer further increases the tartuosity
and diffusional path length, resulted in decreased
drug release. However the difference was
statistically insignifinacant (p>0.05).

The data was fitted to different kinetic
models to explain drug release mechanism. The

results suggested that the drug release followed
Higuchi model as it was evidenced from correlation
coefficients and indicating that the drug release
was taking place by the process of diffusion. The
correlation coefficients (0.87 to 0.97 in A4 and
A1; 0.86 to 0.98 in B4 to B1) were greater than
the correlation coefficients of zero order (0.67 to
0.65 in A4 and A1; 0.68 to 0.88 in B4 to B1) and
first order kinetics (0.56 to 0.71 in A4 to A1, 0.57
to 0.72 in B4 to B1). As the concentration of
HPMC increases in the formulations

Ex vivo skin permeation studies
The results of ex vivo permeation of A-

HCl from patches are shown in Fig 4 and 5. The
cumulative percent of drug permeation from
formulations of A-series was 61.94, 75.55, 84.89
and 80.97 respectively from A-1, A-2, A-3 and
A-4 and of B-series was 44.4, 45.7, 62.31 and
71.45 respectively from B-1, B-2, B-3 and B-4
(Table 3). The order of drug permeation from
different formulations was increased in the
following order: A-3>A-4>A-2>B-4>B-3>A-
1>B-2>B-1

Formulations A-3 (84.89 %) and B-4
(71.45 %) showed maximum drug permeation in
their respective series with permeability
coefficients of 3.43 X10-2 cm h-1 and 3.02 X 10-2

cm h-1 (Table 3). The skin permeation profiles of
the test formulations were in conformity to the in
vitro drug release pattern. The cumulative amount
of drug permeated as well as the permeability
coefficient (Kp) for TDDS were in the order of
A-3>A-4>A-2>A-1 and B-4>B-3>B-2>B-1 for
the A and B series, respectively. The results
corroborated that higher the drug release from
the formulation, higher was the rate and extent of
drug permeation. Again the Kp for formulation
A-3 was high than B-4 leading to conclusion that
ERL 100 and HPMC combination is better than
ERS 100 and HPMC as the polymeric precursor
for the A-HCl transdermal formulation.  As the
concentration of hydrophilic polymer was
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increased, the amount of drug permeated was
increased. This may be a result of the initial rapid
dissolution of the hydrophilic polymers when the
patch is in contact with the hydrated skin, which
results in accumulation of high amounts of drug
on the skin surface and thus leads to the saturation
of the skin with drug molecules at all times (26).
Drug release rate from films containing higher
proportions of lipophilic polymer ERL 100 and
ERS 100 may be contributed to the relatively
hydrophobic nature of polymer which has less
affinity for water. This results in decrease in the
thermodynamic activity of the drug in the film
and decreased drug permeation.

Comparison between the best
formulations of respective series (A-3 and B-4)
revealed that extent of drug release was higher
in case of A-3 (polymers ERL 100 and HPMC)
than B-4 (polymers ERS 100 and HPMC). The
maximum drug permeation from formulation A-3
might be due to higher permeability characteristics
of ERL 100 in comparison to ERS 100. The
formulation A-3 showed an increase in
permeation than the A-4 may be due to decreased
in path length to the movement of drug, as it is
inversely proportional to diffusion rate.

Any vehicle can have three models of
penetration enhancement that is by changing
thermodynamic activity or by improving skin/
vehicle partition coefficient or by altering the
barrier property of stratum corneum.

Propylene glycol (PG) action as a sorption
promoter has been explained in the literature on
the basis of its co solvency effect. Where
thermodynamic activity is considered as main
driving force and also by carrier mechanism, in
which PG partition into the skin and thereby
promotes the movement of the drug into and
through the skin. PG shows penetration
enhancement activity towards 5-fluorouracil (27),
progesterone (28) and estradiol (29).

Conclusions
Ex vivo permeation of A-HCl shows that

patches of ERL 100:HPMC is suitable compared
to ERS 100:HPMC patches. The results of the
study show that A-HCl could be administered
transdermally through the matrix type TDDS for
effective control of ADHD. Further work is
recommended in support of its efficacy by long
term pharmacokinetics and pharmacodynamic
studies on human beings.
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Antibacterial activityof soil bacteria

Abstract
A total of 51 Actinomycetes were isolated

from different soil samples of Palestine.
Preliminary screening by cross-streak method
was carried out for all the 51 isolates. After
preliminary screening, 17 isolates which showed
antimicrobial (antibacterial, antifungal) activity
were selected for further study. Among these 17
isolates tested, 5 isolates which were found to be
promising were subjected to detailed taxonomic
studies. A novel strain of S. albovinaceus (isolate
10/2) which was found to be maximum antibiotic
producer and which has shown both broad
spectrum antibacterial and antifungal activities
was isolated and is been selected for further
detailed optimization studies.

Key words
         Actinomycetes / S. albovinaceus /
Antibacterial / Isolation / Soil samples

Introduction
         Ever since mankind started suffering from
ailments, the quest for finding remedies to treat
the diseases started. The science of antibiotics
has remained and will remain for many years,
one of the most interesting natural sciences, in
both theoretical and practical aspects. Microbial
natural products still appear as the most promising
source of the future antibiotics that society is
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expecting (1). Antibiotics are produced by
bacteria, fungi, actinomycetes, algae, lichens and
green plants. Since the isolation of actinomycin
in 1940 and streptomycin in 1944 by Waksman
(2,3), the Actinomycetes have received
tremendous attention of the scientists. The genus
Streptomyces was proposed by Waksman &
Henrici (4) for aerobic, spore-forming
Actinomycetes . Members of Streptomyces are
a rich source of bioactive compounds, notably
antibiotics, enzymes, enzyme inhibitors and
pharmacologically active agents (5-10). About 75
% of the known commercially and medically
useful antibiotics are produced by Streptomyces
(11,12). Waksman (13) recognized the natural
substrates that are ideal sources for the isolation
of Actinomycetes. Among these, they are quite
commonly found in soil, water and other
environments (14). In 1900 Beijerinck (15)
established that Actinonomycetes occur in great
abundance in the soil. The first quantitative
enumeration of Actinomycetes in the soil was
made by Hiltner and Stormer (16).There is now
good evidence also for the growth of
Actinomycetes in marine soils (14, 17, 18).
Goodfellow and Haynes (19) reviewed the
literature on the isolation of Actinomycetes from
marine sediments. The screening programs for
new Actinomycetes and for their antibiotics are
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still proceeding at a very rapid pace. There is a
need for the development of new antibiotics to
overcome the problems associated with the
existing antibiotics. To discover the new antibiotics
it will be necessary to continue the use of
conventional screening programs. Different soils
all over the world had been exploited in search of
bioactive Actinomycetes. So, in order to discover
new antibiotics, our approach is to investigate
unexplored regions of the world with the aim of
isolating bioactive Actinomycetes from these
regions and from those organisms whose potential
was neglected through out the history. The aim
of our work is to conduct intensive screening
program on different soil samples of Palestine
which is an unexplored territory and which is likely
to yield purposeful results towards isolation of
either new species of Actinomycetes and /or new
antibiotics. As such, we felt that systematic
screening of Palestine soil samples is very much
necessary. The selected isolates were identified
by morphological, biochemical and other criteria
and finally screened for the production of novel
antibiotics and pharmacological active compounds.
This investigation may yield a few new species
of  Actinomycetes leading to the isolation of new
antiviral and antibacterial antibiotics with desired
antimicrobial spectrum and therapeutic use. It may
lead to the isolation of new species producing
already known and clinically useful antibiotics, but
with high yield in a simple medium which facilitate
the purification procedure and reduce the cost.

Materials and Methods
       Several methods have been developed to
identify Streptomyces species (20 – 27). In a
systematic screening program for isolation of
bioactive Actinomycetes, a total of 8 different
soil samples were collected into sterile boiling
tubes with a sterile spatula. Care was taken to
see that the points of collection had as widely
varying characteristics as possible with regard to
the organic matter, moisture content, particle size
and colour of soil.

Isolation of Actinomycetes from soil samples

 About 1gm of sample was transferred
to a sterile Erlenmeyer (E.M) flask containing 50
ml sterile water.  The flasks were shaken on
rotary shaker for 30 min for the detachment of
the spore chains, if any.  The flasks were kept
aside for 30 min to settle down the particulate
matter.  The clear supernatant was diluted with
sterile water. These dilutions (10-1-10-3) were used
as inocula. One ml of each of these dilutions were
pipetted out into the medium, plated into
petridishes  6 inches diameters and incubated at
28 oC for 2-3 weeks. For the isolation of
Actinomycetes from the above mentioned
samples, the following media were used : starch
casein agar medium (28) , potassium tellurite agar
medium, oat meal agar medium , bennets agar
medium.

Physiological, biochemical, and cultural
(morphological) properties

Media used were those recommended by
the International Streptomyces Project (ISP) (22)
and by Waksman (29). Mycelium was observed
after incubation at 28 oC for 2 weeks. Colors were
determined according to Prauser (30). Reduction
of nitrate and production of melanoid pigment
were determined by the method of ISP (22).
Carbohydrate utilization was determined by
growth on carbon utilization medium (ISP 9) (22)
supplemented with 1 % carbon sources at 28 oC.
Liquefaction of gelatin was evaluated by the
method of Waksman (29). Hydrolysis of starch
and milk were evaluated by using the media of
Gordon et al. (31). All cultural characteristics were
recorded after 2 weeks.

Cell wall composition (chemotaxonomic
analysis): Cells used for chemotaxonomic analysis
were obtained after incubation at 28 oC for 3 days
in yeast extract-glucose broth (pH 7.0) containing
10 g/l of yeast extract and 10 g/l of glucose.
Isomers of diaminopimelic acid in the whole-cell
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hydrolysates were determined by thin-layer
chromatography according to the method of
Hasegawa et al. (32). Whole-cell sugars were
analyzed according to the method of Becker et
al. (33).

Study of antimicrobial activity:  All selected
isolates were subcultured onto YEME agar slants
and incubated at 28 oC for about 7-10 days.  The
following production medium was used to test
antibiotic production: soyabean meal (1.0 %), corn
steep liquor (0.5 %), soluble starch (1.0 %),
dextrose (0.5 %), calcium carbonate (0.7 % )
with pH (7.2) .Antimicrobial activity of the strain
was determined by standard cup plate method
using Gram (+) and (-) bacteria, fungi  and yeast
as test organisms. Assay plates were prepared
by inoculating 20 ml of Mueller - Hinton agar
medium with test organism. Agar-cups (6mm
diameter) were filled with 50 ml of mycelia -free
culture filtrate in triplicate and the plates were
incubated at 37 oC for 24 h. Inhibition zone
diameters were measured.

Results and Discussion
Isolation of Actinomycetes from soil samples:
A total of 8 different soil samples were collected
and used for screening and isolation of
Actinomycetes. A brief description of soil samples
is given in Table 1.The selected Actinomycetes
isolates from the above soil samples are shown
in Table 2. A total of 51 Actinomycetes were
isolated from different soil samples of Palestine
after discarding isolates with identical
characteristics. The criteria chosen were the color
of the aerial mycelium, substrate mycelium and
the pigmentation. Preliminary screening by cross-
streak method was carried out for all the 51
isolates. After preliminary screening, 17 isolates
which showed antimicrobial (antibacterial,
antifungal) activity were selected for further study.
Among these 17 isolates tested, 5 isolates (7/2, 8/
7, 10/2, 12/2 and 13/2) which were found to be

promising were subjected to detailed taxonomic
studies. The results of the taxonomic studies of
the selected isolates are described in the following
individual monographs.

Taxonomic studies on isolate no. 10/2

Morphological and cultural characteristics:
Aerial mycelium is white in color. Raised growth
was observed.  Short straight sporophores were
also seen. Detail taxonomic studies are shown in
Tables 3 and 4.

Antimicrobial activity: Antimicrobial spectrum
of the culture filtrate was studied and the results
are shown in Table 5.

The above information indicates that this
isolate belongs to the family Streptomycetaceae.
As such the taxonomic characters of our isolate
10/2 is compared with that of the Streptomyces
species reported in the existing literature and
found to be closer to S. albovinaceus (34). The
comparative data is given in Table 6. Our isolate
10/2 and reference strain have the following
similarities: color of aerial mycelium, sporophore
morphology, melanin pigmentation and utilization
of glucose, fructose, arabinose, mannitol, xylose
as a carbon source. Our isolate 10/2 differs from
the reference strains in utilization of raffinose ,
sucrose , inositol and rhamnose . In view of the
large number of similarities with the reference
strain our isolate 10/2 is considered to be a strain
closer to  S. albovinaceus

Taxonomic studies on isolate no. 7/2

Morphological and cultural characteristics :
Aerial mycelium was grey in color. Raised growth
was observed.  Short spirals with two to three
turns’ sporophores were also observed. Detail
taxonomic studies are shown in Tables 3 and 4.

Antimicrobial activity: Antimicrobial spectrum
of the culture filtrate was studied and the results
are shown in Table 5.
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   The above information indicates that this
isolate belongs to the family Streptomycetaceae.
As such the taxonomic characters of our isolate
7/2 is compared with that of the Streptomyces
species reported in the existing literature and
found to be closer to S. violaceoruber (35).  The
comparative data is given in Table 7. Our isolate
7/2 and reference strain have the following
similarities : color of aerial mycelium , sporophore
morphology , melanoid pigments on ISP – 6 ,
utilization of D-glucose , D- fructose , L(+)
arabinose , D- mannitol , xylose , inositol ,
rhamnose , gelatin , liquefaction , coagulation and
peptonization of milk. Our isolate 7/2 differs from
the reference strains in utilization carbon sources
raffinose  and sucrose. In view of the large number
of similarities with the reference strain our isolate
7/2 is considered to be a strain to be close to S.
violaceoruber.

Taxonomic studies on isolate no. 12/2

Morphological and cultural characteristics:
Aerial mycelium was grey in color.  Raised
growth was observed. Long and straight
sporophores were seen. Detail taxonomic studies
are shown in Tables 3 and 4.

 Antimicrobial activity: Antimicrobial spectrum
of the culture filtrate was studied and the results
are shown in Table 5.

The above information indicates that this
isolate belongs to the family Streptomy cetaceae.
As such the taxonomic characters of our isolate
12/2 is compared with that of the Streptomyces
species reported in the existing literature and
found to be closer to S. tanashiensis (20, 36 –
38).  The comparative data is given in Table 8.
Our isolate 12/2 and reference strain have the
following similarities: color of aerial mycelium,
sporophore morphology, utilization of glucose,
arabinose , xylose , and rhamnose. Our isolate
12/2 differs from the reference strains in melanoid
pigmentation on ISP – 6, utilization of fructose,
mannitol , raffinose , sucrose , and inositol. In

view of the large number of similarities with the
reference strain our isolate 12/2 is considered to
be a strain to  S. tanashiensis

Taxonomic studies on isolate no. 13/2
Morphological and cultural characteristics:
Aerial mycelium was whitish grey in color.
Raised growth was observed. Long and straight
sporophores were observed. Detail taxonomic
studies are shown in Tables 3 and 4.

Antimicrobial activity: Antimicrobial spectrum
of the culture filtrate was studied and the results
are shown in Table 5.

   The above information indicates that this
isolate belongs to the family Streptomycetaceae.
As such the taxonomic characters of our isolate
13/2 is compared with that of the Streptomyces
species reported in the existing literature and
found to be closer to S. setonii (13,20, 36, 39) .
The comparative data is given in Table 9. Our
isolate 13/2 and reference strain have the
following similarities: color of aerial mycelium,
sporophore morphology, melanoid pigments on
ISP-1 and ISP-7, utilization of glucose, fructose,
arabinose , mannitol , xylose , starch hydrolysis ,
gelatin liquefaction, coagulation and peptonization
of milk and nitrate reduction. Our isolate 13/2
differs from the reference strains in melanoid
pigments on ISP-6, utilization of raffinose , sucrose
, inositol , and rhamnose. In view of the large
number of similarities with the reference strain
our isolate 13/2 is considered to be a strain to S.
setonii

Taxonomic studies on isolate no.  8/7

Morphological and cultural characteristics:
Aerial mycelium was light grey in color. Growth
was not raised.  Sporophore was short with very
short branches. Detail taxonomic studies are
shown in Tables 3 and 4.

Antimicrobial activity: Antimicrobial spectrum
of the culture filtrate was studied and the results
are shown in Table 5.
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     The above information indicates that this
isolate belongs to the family Streptomycetaceae.
As such the taxonomic characters of our isolate
8/7  is compared with that of the Streptomyces
species reported in the existing literature and
found to be closer to S. longisporus (20 , 36,
37). The comparative data is given in Table 10.Our
isolate 8/7 and reference strain have the following
similarities : color of aerial mycelium ,
morphological section, utilization of D-glucose ,
D-fructose , L(+) arabinose , D-mannitol , D-
xylose , raffinose , and sucrose. Our isolate 8/7
differs from the reference strains in utilization of
carbon sources like inositol and rhamnose. In view
of large number of similarities with the reference
strain our isolate 8/7 is considered to be a strain
close to S. longisporus

Conclusion

   In the present study effort was mainly
directed towards the isolation of Actinomycetes
from soil samples of Palestine, an unexplored
territory for study of their morphological, cultural,
physiological, biochemical and antimicrobial
activities.

Detailed taxanomical studies were carried
out and it was concluded that 5 different new
strains were isolated of which one isolate (10/2)
was found to be excellent antibacterial producer.
Isolate no (10/2) S. albovinaceus which was
found to be maximum antibiotic producer and
which has shown both broad spectrum
antibacterial and antifungal activities is been
selected for detailed optimization studies.  Further
works on isolate no (10/2) like optimization studies,
studies on anticancer activity and purification of
the active principle which are under progress.
Toxicology and commercial viability study will be
submitted in a separate article.
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Abstract
This work aims at investigating different

types and levels of hydrophilic matrix agents,
including Hydroxy Propyl Methyl Cellulose
K15M (HPMC K15M), Hydroxy Propyl Me-
thyl Cellulose K4M (HPMC K4M) and
Carbopol 974P, in an attempt to formulate con-
trolled release matrix tablets containing 200 mg
of levodopa (LD) and 50 mg of carbidopa (CD).
The tablets were prepared by direct compres-
sion. Majority of the matrix tablets that contained
less than 7.5 % of the polymer disintegrated pre-
maturely. Polymers, HPMC K15M and
Carbopol 974P produced the desired drug re-
lease at 10 % concentration whereas HPMC
K4M at 20 % concentration of the tablet weight.
The prepared matrix tablets were evaluated for
weight variation, hardness, friability, drug con-
tent and in vitro drug release studies.  From the
in vitro release studies of the prepared formu-
lations, one formula was optimized from each
polymer.  HPMC K15M and Carbopol 974P
based tablet formulations showed high release
retarding efficiency. Matrix tablets produced with
Carbopol 974P showed sticking and weight
variation problems. All the formulations showed
linear release profiles (r2=0.96) and sustained
the release of levodopa and carbidopa over 8–

12 h.  The release profiles of levodopa and
carbidopa from the selected formulations are
close to zero order and follow diffusion depen-
dent release. The prepared matrix tablets pro-
duced from the optimized formulations were
compared with standard commercial tablets
(SYNDOPA). The similarity factor (f2 value)
was calculated for all these formulations and
found to be above 50.  Irrespective of the poly-
mer type and its concentration, the prepared
hydrophilic matrix tablets showed non-Fickian
(anomalous) release, coupled diffusion and poly-
mer matrix relaxation as the values of release
exponent (n) are in between 0.5 and 0.89. Fi-
nally it was clear that it is possible to design a
formulation with any of the above three poly-
mers giving the desired drug release profile sug-
gesting that HPMC K15M and HPMC K4M
are good candidates for preparing controlled
release matrix tablets of levodopa and
carbidopa.

Keywords: levodopa, carbidopa, HPMC
K15M, HPMC K4M, Carbopol 974P, con-
trolled release tablets

1. Introduction
A typical controlled release system is

designed to provide constant or nearly constant
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drug levels in plasma with reduced dose, fre-
quency of administration and fluctuations in
plasma concentrations via slow release over an
extended period of time (1).  A matrix device
consists of drug dispersed homogenously
throughout a polymer matrix.  Two major types
of materials are used in the preparation of ma-
trix devices (2), which include hydrophobic car-
riers like glyceryl tristearate, fatty alcohols, fatty
acids, waxes; carnaubawax, methylmetha
crylate, polyvinyl chloride, polyethylene,
ethylcellulose and hydrophilic polymers like,
sodium carboxymethylcellulose, hydroxypropy
lmethylcellulose,  sodium alginate, xanthan gum,
polyethylene oxide and carbopols.

Matrix systems offer several advantages
relative to other extended release dosage forms
like easy to manufacture, versatile, effective, low
cost and can be made to release high molecular
weight compounds (3). Since the drug is dis-
persed in the matrix system, accidental leakage
of the total drug component is less likely to oc-
cur, although occasionally, cracking of the ma-
trix material can cause unwanted release.

Levodopa and Carbidopa are used to
treat Parkinson’s disease (4). Parkinson’s dis-
ease is believed to be related to low levels of a
chemical called dopamine in the brain. Levodopa
is turned into dopamine in the body. If levodopa
alone is administered, readily undergoes periph-
eral decarboxylation by DOPA decarboxylase,
as a result it loses its lipophilicity and can not
cross the blood brain barrier (5). If it is admin-
istered in combination with Carbidopa,
Carbidopa prevents the peripheral decarboxy-
lation of levodopa so it retains its lipophilicity.

The objective of investigation is to de-
velop levodopa and carbidopa using hydrophilic

matrices, HPMC K15M, HPMC K4M and
Carbopol 974P. The developed formulations
were evaluated for weight variation, hardness,
friability and in vitro release studies.

2. Experimental
2.1. Materials

Levodopa and Carbidopa were ob-
tained from Venkar labs, Hyderabad. Polymers
HPMC K4M and HPMC K15M were ob-
tained from Colorcon limited, U.K. Carbopol
974P was obtained from IPS chemical company,
Mumbai. All other chemicals were of analytical
grade and were used as such.

2.2. Methods
2.2.1. Drug excipient compatibility

The simple physical mixtures of
Levodopa and Carbidopa drugs with all the
polymers and other excipients used in the for-
mulations were taken in glass vials and observed
every week to make sure that there is no drug-
excipient interaction.

2.2.2. Micromeritics
Static angle of repose, compressibility

index, Hausner ratio, poured (or fluff) bulk and
tapped bulk densities were determined accord-
ing to the fixed funnel and freestanding cone
method reported by Raghuram et al.(6).

2.2.3. Preparation of tablets:
Formulations DK15:1-4, DK: 1-5, DC:

1-4 were prepared using HPMC K15M, HPMC
K4M and Carbopol 974P respectively by di-
rect compression (7, 8). Microcrystalline cellu-
lose was used as the filler. Magnesium stearate,
talc and aerosil were used as lubricant and glidant
respectively.  All the ingredients were weighed
and sifted through 40 mesh except the brilliant
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blue colour which is passed through 100 mesh.
Then all the ingredients were mixed in a poly
bag for 10 min. Now the blend is compressed
into tablets with 12mm flat circular shaped
punches. The composition of the tablets pre-
pared under various trials with HPMC K4M,
HPMC K15M and Carbopol 974P were given
in the table 1.

Formulated tablets weighed 400 mg and
measured 1.20 cm in diameter. All the formula-
tion ingredients, except the lubricant and glidant,
were mixed in a plastic container and shaken by
hand for about 10–15 min. The lubricant and
glidant were added to the powder mixture and
mixed for another 2–3 min by hand. The tablets
were compressed on a rotary tablet machine
(Cadmech) fitted with flat faced 1.20 cm punch
and die sets and compressed.

 2.2.4. Dissolution studies

All the tablets prepared were subjected to
dissolution studies using Labindia Dissolution test
apparatus (Modified USP type II) equipped with
an auto sampler and fraction collector for collec-
tion and replenishment of samples and dissolu-
tion medium respectively. Dissolution medium
used is pH 4.0 acetate buffer. Temperature and
rpm are 37 ± 0.5 °  C and 50 respectively. Samples
were taken at intervals 1, 2, 4, 6 and 12 hrs and
analysed for levodopa and carbidopa by HPLC
at 280nm.

2.2.5. Chromatographic apparatus and con-
ditions

Chromatographic separation of
levodopa and carbidopa was performed on a
Shimadzu HPLC System (Japan) equipped with
UV-Visible detector using C8 column
(Phenomenex 150 x 4.6mmm I.D., 5µ particle
size). The mobile phase used was phosphate
buffer pH 3.4. Standard solution and dissolu-

tion samples were analyzed at 280 nm using a
UV detector. The mobile phase was pumped at
a flow rate of 1.0 ml/min with an injector valve
fitted to a 20 µl volume sample loop.

2.2.6. Release Kinetics (9).
Different kinetic equations (zero-order,

first-order, and Higuchi’s equation) were applied
to interpret the release rate of the drug from
matrix systems. The best fit with higher correla-
tion (r2 > 0.98) was found with Higuchi’s equa-
tion for all the formulations. Two factors, how-
ever, diminish the applicability of Higuchi’s equa-
tion to matrix systems. This model fails to allow
for the influence of swelling of the matrix (upon
hydration) and gradual erosion of the matrix.

Therefore, the dissolution data were also
fitted according to the well-known exponential
Korsmeyer-Peppas equation (10), which is of-
ten used to describe drug release behaviour from
polymeric systems:

M
t
/ M

8
 = ktn

M
t
/ M

8
 is the fraction of drug release at time t,

and k is the kinetic constant; n is the release
exponent (indicating the general operating re-
lease mechanism). n value between 0.43 and
0.5 indicates Fickian (case I) diffusion-mediated
release. Non-Fickian (anomalous) release,
coupled diffusion, and polymer matrix relaxation
occurs if 0.5 < n < 0.89, purely matrix relax-
ation or erosion-mediated release occurs for n
= 1 (zero-order kinetics), and super case II type
of release occurs for n > 0.89 (11).

2.2.7. The optimized formulations in triplicate
were prepared and kept for stability studies at
2-8oC, 25±20C/60±5% RH, 40±20C/75±5%
RH and in photostability chambers. The drug
content in the tablets was determined after 30
and 60 days.
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3. Results and discussion
3.1. Drug excipient interaction study

The results of drug excipient interaction
study clearly indicated that there is no drug ex-
cipient interaction at 25o C but at 40o C after 3
weeks levodopa developed slight brown colour
in all the vials where it is present. So levodopa is
found to be unstable at 40o C if it is kept for
prolonged period. Therefore it is better to store
the formulations containing levodopa at a tem-
perature of about 25o C.

3.2. Micromeritics
The various micromeritic properties like

Bulk Density, Tapped Density, Compressibility
index (%), Angle of repose and Hausner Ratio
were determined for both the drugs and are given
in the table 2. The compressibility index,
Hausner ratio and angle of repose indicated poor
flow characteristics. So it was improved by in-
clusion of suitable amounts of lubricants and
glidants.

3.3. Weight variation, hardness and friability
The prepared tablets were subjected to

hardness, friability, weight variation, drug con-
tent and dissolution and the results are given in
the table 3 and all these results were found to be
in the permissible limits.

3.4. Dissolution studies
The release profiles of both the levodopa

and carbidopa in all the formulations are very
close to each other. The drugs were releasing
for 12 hrs and follow near zero order release.
The drug release rate from HPMC K15M,
HPMC K4M and Carbopol 974P based ma-
trix tablets decreased with the increase in the
polymer level. This effect might be ascribed to
an increase in the extent of gel formation in the
diffusion layer (12).

The results of in vitro release from
HPMC K15M matrix tablets were shown in fig-
ures 1 a-b. All the formulations except DK15-4
release less than 70% of drug with in12 hrs due
to higher concentration of polymer. The formu-
lation DK15-4 released more than 95% of the
drug in 12 hrs. However at various time inter-
vals the cumulative % drug release is very close
to zero order. Hence the formulation DK15-4
was selected as optimized formulation.

The results of in vitro release from
HPMC K4M matrix tablets were shown in fig-
ures 2 a-b. Formulations DK4-1 and DK4-2
released less than 85% of drug with in12 hrs
due to higher concentration of polymer. The for-
mulations DK4-4 and DK4-5 released more
than 95% of the drug within 8 hrs due to lower
concentration of polymer. The formulation DK4-
3 exhibited a release profile close to first order
with a drug release more than 95% within 12
hrs. Hence this DK4-3 was considered as the
optimized formulation. According to figures 2a-
b, HPMC K4M-based matrices exhibited sig-
nificantly lower drug release-retarding efficiency
than the HPMC K15M and Carbopol 974P.
These results might be attributed to the relatively
low swellability and rapid dilution and erosion
of the diffusion gel layer (13).

The results of in vitro release from
Carbopol 974P matrix tablets were shown in
figures 3 a-b. All the formulations except DC-4
released less than 75% of drug within12 hrs due
to higher concentration of polymer. The formu-
lation DC-4 released more than 95% of the drug
within 12 hrs. The formulation DC-4 showed a
cumulative % drug release close to zero order.
Hence the DC-4 formula was found to be opti-
mized.
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3.5. Determination of in vitro release of drug
from marketed formulation.

Marketed LDCD CR formulations
(SYNDOPA 200+50) are subjected to disso-
lution studies using Labindia dissolution test ap-
paratus and cumulative % drug release was de-
picted in the figures 4 a-b.  Because of the na-
ture of measurement, f1 was described as dif-
ference factor, and f2 as similarity factor. A f2
value of 50 or greater (50-100) ensures
sameness or equivalence of the two curves and,
thus, the performance of the two products. f1
& f2 values were calculated for all the optimized
formulations and are given in the table 4.

3.6. Release kinetics
The values of release exponent (n) and

correlation coefficients (R2) of all the optimized
formulations are given in the table 5. Upon com-
parison of correlation co-efficient values (R2) of
all the optimized formulations, it was indicated
that the release profiles of Levodopa and
Carbidopa are close to zero order in the case of
HPMC K15M and Carbopol 974P where as
first order in case of HPMC K4M.  Irrespec-
tive of the polymer type and its concentration,
the prepared hydrophilic matrix tablets showed
non-Fickian (anomalous) release, coupled dif-
fusion and polymer matrix relaxation as the val-
ues of release exponent (n) are in between 0.5
and 0.89.

3.7. Stability studies
The drug content remained same in the for-

mulations stored at 2-8oC, 25 oC/60 RH but
small difference in levodopa level was found in
the formulations stored at 40 oC/75 RH. Apart
from this a small difference in carbidopa level
was also found in the formulations stored in pho-
tostability chambers. These results might be at-

tributed to the temperature sensitivity of the
levodopa and photosensitivity of the carbidopa.

4. Conclusions:
The drug release from all matrix tablets

showed a polymer concentration dependent re-
tardation effect and a non-Fickian (anomalous)
release.  Though the dissolution profiles of all
the optimized formulations were close to the zero
order, DC-4 was not considered to be advan-
tageous as the Carbopol 974 used in this for-
mulation posed sticking and weight variation
problems as it picks up water very quickly.
DK15-4 and DK4-3 were found to be advan-
tageous due to their method of formulation i.e.
direct compression which was very easy, fea-
sible, fast and economical. No significant differ-
ence in the drug content between initial and the
formulations stored at 25 ° C but a small differ-
ence was found between initial and formulations
stored at 40° C and in photostability chambers.
Therefore it is recommended that these formu-
lations should be stored at 25 ° C and protected
from light.
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  Fig.1 a Cumulative % drug release of Levodopa

Fig.1b Cumulative % drug release of Carbidopa

 Fig.2a Cumulative % drug release of Levodopa

Fig.2b  Cumulative % drug release of Carbidopa

Fig. 3a  Cumulative % drug release of Levodopa

Fig. 3b Cumulative % drug release of Carbidopa

InVitro Evaluation



Current Trends in Biotechnology and Pharmacy
Vol. 3 (2)   April  2009.  ISSN 0973-8916

Table 1. Composition of levodopa and carbidopa (200mg+50mg) controlled release tablet formulations

Each 400mg LDCD CR formulation contains 0.025% Brilliant blue, 0.1% Ascorbic acid, 0.625% Talc, 0.625%
Aerosil.  MCC: Microcrystalline cellulose,  LDCD CR: Levodopa Carbidopa Controlled Release.

Table: 2     Micromeritic properties of drugs (levodopa and carbidopa)

Jagan et al
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Table: 4    f
 1 

and f
 2  

factors of the optimized formulations.

Table: 3 Thickness, Hardness, Weight variation, Friability and Drug content of prepared   tablets.

InVitro Evaluation
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Table: 5   Release kinetics of different optimized formulations

Table 6.  Stability results of  the optimized formulations for Levodopa & Carbidopa (N=3)

Jagan et al
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Abstract
The homology based 3-Dimensioanl

structure prediction of family 39 glycoside
hydrolase (CtGH39) from Clostridium
thermocellum was carried out using
bioinformatics tools. The Ctgh39 gene from
Clostridium thermocellum is 1170 base pair
sequence. The CtGH39 sequence on PSI-BLAST
analysis for homology search revealed 54 hits and
out which a few had significant E score (E <0.005)
and better sequence similarity. The phylogenetic
tree showed that CtGH39 evolved from dockerin
type cellulosome enzyme from Clostridium
thermocellum ATCC 27405 and its closest
neighbour is a hypothetical protein from
Thermotoga petrophila. Multiple sequence
alignment analysis of CtGH39 using MultAlin and
HHpred showed above 90% similarities with
protein sequences of Thermotoga petriphila
(Hypothetical protein), Geobacillus
stereothermophilus (1w91; 99.5%; E score=1.2
E-11), Thermoanaerobacterium saccharoly-
ticum (1uhv; 99.4%; E score=2.9 E-11) and
Bacillus stereothermophilus (1qw9; 98.5%; E
score=4.9 E-6) from the PDB database. The
secondary structure of CtGH39 using PSIPRED
VIEW revealed many helices, strands and coils
in the protein structure. The tertiary structure
prediction of CtGH39 by MODELLER 8v2
showed a (ß/á)8 fold. The program VERIFY 3D

assessed the quality of the predicted structure of
CtGH39 with acceptable scores. Ramachandran
plot revealed that the structure of CtGH39
contains many segments of helix and further
showed  a  tight  grouping  of  phi (φ), psi (ψ)
angles around -50, -50. There were 22 residues
in 3

10
 helical regions and 188 residues in beta

sheets. The number of residues in alpha helix is
156 which are close to φ ~ -50 and ψ ~ -50 and
these residues are clustered together. The
Ramachandran plot for CtGH39 using
RAMPAGE software showed that among 390
residues, 352 (90.7%) were in favoured region,
26 (6.7%) were in allowed region and 10 (2.6%)
were in disallowed region elucidating the
acceptability of the predicted model. All the results
converged to the fact that the predicted 3-
Dimensional structure of CtGH39 is of good
quality with acceptable scores.

Introduction
Clostridium thremocellum is an

anaerobic, thermophilic and cellulolytic, Gram-
positive bacterium capable of degrading crystalline
cellulose (1). C. thermocellum live in anaerobic,
thermophilic environments and will most likely
interact with living systems that have cellulose
such as plants. Also, because of C. thermocellum
ability to degrade cellulose into fermentative
products, it affects the environment by
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contributing to the carbon cycle and the natural
decomposition of biomass. Biodegradation and
carbon cycle impact the environment because
nutrients and more usable compounds are
available for other organisms to feed on. This
bacterium degrades the cellulosic materials by a
large multi-enzymes system called the
“cellulosome”. The cellulosome is a complicated
protein complex consisting of nearly 20 different
catalytic subunits or glycoside hydrolases ranging
in size from about 40 to 180 kDa with a total
molecular weight in millions. The database for
glycoside hydrolases is available at website (http:/
/www.cazy.org/fam/acc_GH.html) (2), that
contains classification of glycoside hydrolases in
the families based on amino acid sequence
similarities: i) reflects the structural features of
these enzymes ii) helps to reveal the evolutionary
relationships between these enzymes iii) provides
a convenient tool to derive mechanistic
information. According to the glycoside hydrolase
classification system, several families GH3, GH39
and GH43 exhibit â-xylosidase activity (3,4,5,6,7).
The IUBMB enzyme nomenclature of glycoside
hydrolases is based on their substrate specificity
and occasionally on their molecular mechanism;
such a classification does not reflect the structural
features of these enzymes. Family 39 glycoside
hydrolases (EC:3.2.1.—) are group of enzymes
that hydrolyze the glycosidic bond between two
or more carbohydrates, or between a
carbohydrate and a non-carbohydrate moiety. The
known activities of GH39 are: i) á-L-iduronidase
(EC:3.2.1.76) and ii) â-xylosidase (EC:3.2.1.37).
In most cases, the hydrolysis of the glycosidic
bond is performed by two catalytic residues of
the enzyme vis-a-vis a general acid residue
(proton donor) and a basic residue. Depending
on the spatial position of these catalytic residues,
hydrolysis occurs via overall retention of the
anomeric configuration (8).

MODELLER is used for homology and
comparative modelling of protein three-

dimensional structures (9,10). MODELLER
implements comparative protein structure
modelling by satisfaction of spatial restraints
(11,12). It can perform many additional tasks,
including de novo modelling of loops in protein
structures, optimization of various models of
protein structure with respect to a flexibly defined
objective function, multiple alignments of protein
sequences and/or structures, clustering, searching
of sequence databases, comparison of protein
structures. G.N. Ramachandran used computer
models of small polypeptides to systematically vary
phi and ψ with the objective of finding stable
conformations (13). For each conformation, the
structure was examined for close contacts
between atoms. Atoms were treated as hard
spheres with dimensions corresponding to their
van der Waals radii. Therefore, φ and ø  angles
which cause spheres to collide correspond to
sterically disallowed conformations of the
polypeptide backbone. In a Ramachandran plot
(13), the core or allowed regions are the areas in
the plot show the preferred regions for psi/phi
angle pairs for residues in a protein (14).
Presumably, if the determination of protein
structure is reliable, most pairs will be in the
favoured regions of the plot and only a few will
be in “disallowed” regions. (14,15). Extensive
scientific work on C. thermocellum has been done
on the genes that control cellulose degradation.
Over 100 genes are involved in encoding proteins
involved in cellulose degradation. This research
is essential for future development of conversion
of biomass into energy that can be achieved by
understanding the genes encoding the cellulose
degrading proteins and how their expressions are
regulated. Cellulose degrading ability of C.
thermocellum can be manipulated and amplified
as a mass energy source. In the present study the
sequence analysis and homology based 3-
dimensioanl structure prediction of family 39
glycoside hydrolase (CtGH39) from Clostridium
thermocellum using above bioinformatics tools

Current Trends in Biotechnology and Pharmacy
Vol. 3 (2) 210-218,  April  2009.  ISSN 0973-8916



212

Homology modeling of family 39 glycoside hydrolase

was carried out. The predicted structure contains
a fold (â/á)

8 
shape at the core. The secondary

structure tells about the possible alpha helices,
beta sheets and coiled regions in the CtGH39.
The Ramachandran plot tells about the residues
which have favourable conformation for psi and
phi angles which will further help in understanding
the mechanism of cellulolysis.

Materials and Methods
The amino acid sequence of CtGH39

(UniProt id A3DHB2) was first subjected to
analysis by HHpred with 8 iterations of PSI-
BLAST (16) for homology, it could also build a
phylogenetic tree based on alignment scores so
that evolutionary relationship among closely
matching sequences can be understood. There-
after, very closely resembling sequences with
better E score <0.005 and higher % similarity
were used for finding conserved regions of
CtGH39 with similar proteins from other species
using Multiple sequence alignment (MSA; http://
www.ebi.ac.uk/Tools/clustalw2/index.html). The
MSA was done using HHpred and Multalin
(17,18). The secondary structure was predicted
using the software PSIPRED VIEW (19). It pro-
vides information regarding the various turns,
coils and helices possible at particular position in
a protein.

The 3-dimensional structure prediction
was carried out by alignment of target sequences
with template structures using MODELLER 8v2
(Max-Planck Institute, Department of Develop-
mental Biology; bioinformatics toolkit link (20)
and further, the model was assessed by VARIFY
3D (21,22). Out of the few predicted iterative
models, the best model having lowest value of
MODELLER objective function was reported.
The selected model was visualized using RasMol
v2.5 (23) and the image was imported.

In a Ramachandran plot, the core or al-
lowed regions are the areas in the plot show the
preferred regions for psi/phi angle pairs for resi-

dues in a protein. The Ramachandran plot using
RAMPAGE (24,25) software, shows various resi-
dues falling under allowed, favoured and in disal-
lowed regions. In Ramachandran plot rotation
about the N-Cá bond of the peptide is denoted by
torsional angle (φ), rotation about Cá-C’ bond by
(ψ) and about the peptide bond (C’-N) by ù. Varia-
tions in á-helix in which the chain is either more
tightly or more loosely coiled, with hydrogen bonds
to residues i + 1 and i + 5 (Cá-H), are designated
as 3

10 
– helix and the ð-helix, respectively. The

packing of the backbone atoms is somewhat too
tight in the 3

10 
– helix and the hydrogen bonds are

nonlinear. The name of this helix refers to the
occurrence of 3 residues per turn and the 10 at-
oms between the hydrogen-bond donor and ac-
ceptor (26).

Results and Discussion
The sequence analysis and homology

based 3-dimensional structure prediction of fam-
ily 39 glycoside hydrolase (CtGH39) from
Clostridium thermocellum using bioinformatics
tools was carried out. Ctgh39 gene from C.
thermocellum is 1170 base pair sequence. The
CtGH39 on analysis by HHpred with 8 iterations
of PSI-BLAST for homology search revealed 54
hits out of which a few had significant E score (E
<0.005) and better sequence similarity (>40%).
A phylogenetic tree, also called an evolutionary
tree, is a tree showing the inter-relationships
among various species or other entities that are
believed to have a common ancestor. The phylo-
genetic tree showed that CtGH39 evolved from
dockerin type cellulosome enzyme from
Clostridium thermocellum ATCC 27405 and its
closest neighbour is a hypothetical protein from
Thermotoga petrophila (Fig. 1).

Multiple sequence alignment analysis of
CtGH39 using HHpred and MultAlin (17,18)
showed above 90% similarities with matching
sequences viz. proteins from Thermotoga
petrophila (Hypothetical protein), Geobacillus
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stereothermophilus (1w91), Thermoanaero
bacterium saccharolyticum (1uhv) and Bacillus
stereothermophilus (1qw9) (Fig. 2). High
consensus portions shown in red are identical
amino acids in all 5 sequences (Fig. 2). Those
regions represented in blue are the conserved
amino acids at least 4 out of 5 sequences and the
neutral portions are shown in black (Fig. 2).
Multiple sequence alignment (MSA) is often used
to assess sequence conservation of protein
domains, tertiary and secondary structures and
even individual amino acids or nucleotides (17).
The MSA results of CtGH39 using HHpred and
MultAlin (17,18) showed the conserved regions
that are present among the closely matching
sequences and these sequences helped in further
model building or structure prediction (Fig. 2).

Fig. 1. Phylogenetic tree generated (showing dis-
tance) using BLASTp shows that CtGH39 comes from
dockerin type cellulosome enzyme complex from
Clostridium thermocellum ATCC 27405 and a hypo-
thetical protein from Thermotoga  petrophila must be
its closest neighbour.

Fig. 2. Multiple sequence alignment analysis of CtGH39 using ClustalX. Multiple sequence alignment
analysis of CtGH39 using MultAlin and HHpred showed above 90% similarities with protein sequences of
Thermotoga petriphila (Hypothetical protein), Geobacillus stereothermophilus (1w91),
Thermoanaerobacterium saccharolyticum (1uhv) and Bacillus stereothermophilus (1qw9) from the PDB
database.  High consensus portions shown in red (>90%) are identical amino acids in all 5 sequences. Blue
regions (>50%) are the conserved amino acids in at least 4 out of 5 sequences and the neutral portions are
shown in black.
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The secondary structures of proteins are
the regularly repeating local structures stabilized
by hydrogen bonds. The most common examples
are the alpha-helix and beta-sheet. Because
secondary structures are local, many regions of
different secondary structure can be present in
the same protein molecule. Protein secondary
structure prediction of CtGH39 from its sequence
using PSIPRED VIEW is shown in (Fig. 3). It
revealed many helices, strands and coils present
at various positions in the protein structure along
with their confidence level for such occurrence.

Tertiary structure is generally stabilized
by non-local interactions, most commonly the
formation of a hydrophobic core, but also through
salt bridges, hydrogen bonds, disulfide bonds and
even post-translational modifications. The term
“tertiary structure” is often used as synonymous
with the term fold. The tertiary structure prediction
of CtGH39 using the structures from PDB
(27,28,29) as template was done (Fig. 4) by
utilizing MODELLER 8v2 (9,10,11,12) a web
service provided by Max-Planck Institute (20).
The characteristic feature of CtGH39 showing a
(ß/á )

8
 fold was easily identified from the

predicted 3-dimensional structure of CtGH39 as
it also belonged to Clan ‘A’ according to the CAZy

Fig. 4. Three dimensional structure of CtGH39 de-
veloped utilizing MODELLER 8v2 and visualized us-
ing RASWIN (RASMOL) software showing the char-
acteristic (ß/á)

8 
fold (alpha helix in red ribbons and

beta sheets in yellow arrows)
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Fig. 3. Secondary structure of CtGH39 pre-
dicted using PSIPRED VIEW software (18)
showing helix (shown as cylinders) and beta
strands (shown as arrow region) and coils (as
continuous line) with confidence level of pre-
diction.
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classification (4,5). The predicted structure was
analyzed using VERIFY 3D (21,22) which
assessed and confirmed the quality of the
predicted structure of CtGH39 with acceptable
scores. The scores (from -1 to +1) were added
and plotted for individual residues.  The residues
falling in the area where the blue line crosses 0.1
have low prediction accuracy and less stable
conformation whereas most of the residues fall
above 0.2-0.4 and so we can say that the model
is of good quality (Fig. 5).

Fig. 5. Three dimensional model testing for assess-
ing the quality of predicted 3-D model by VARIFY 3D
software (very few residues cross the red line having
negative value implying predicted model is good).

Ramachandran plot (24) reveals that the
repeating values of phi and psi angles along the
polypeptide chain results in regular structure, such
as repeating values of phi ~-57 and psi ~-47 give
a right-handed helix (the á-helix). The structure
of CtGH39 showed many segments of helix and
the Ramachandran plot showed a tight grouping
or clustering of (φ), (ψ) angles around -50, -50
(Fig. 6). The total number of residues in alpha
helix is 156 which have (φ)~ -50 and (ψ)~ -50,
these alpha helix residues are more clustered than
spread like clouds i.e. these structures are more
rigid than beta sheets and thus have less allowed
conformations. Similarly, repetitive values in the
region (Fig. 6) of φ = -110 to -140 and ψ = +110
to +135 gave extended chains with conformations
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that allow interactions between closely folded
parallel segments (â-sheet structures). The
structure of CtGH39 is composed mostly of â-
sheets and the Ramachandran plot showed a
broad range of values in the -110, +130 regions
(Fig. 6). Repeating φ, ø  angles always lead to a
regular structure provided it is sterically allowed.
There are total 22 residues in 3

10
 helical regions,

which are present in first quadrant of
conformational map (Fig. 6). The total number of
residues in beta sheet is 188, which covers almost
all the region of second quadrant and extremities
of the 3rd quadrant (Fig. 6). The Ramachandran
plot for CtGH39 using RAMPAGE software (24),
revealed that among the 390 residues, 352 (90.7%)
were in favoured region, 26 (6.7%) were in
allowed region and 10 (2.6%) were in disallowed
region proving again that the predicted model is
acceptable (Fig. 7). Ramachandran plot for
general, glycine, pre-proline and proline was also
done and it showed the glycine, pre-Pro and proline
of CtGH39 falling under allowed regions and also

Fig. 6. Ramachandran plot for CtGH39 from
Clostridium thermocellum using RC plot online
server available from IISc Bangalore (13). It shows
the left-handed as well as right-handed helices, beta
sheets and disallowed and allowed areas. Black ar-
eas are allowed only for Gly residues.
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those glycine residues falling in disallowed region
(Fig. 8). The overall results provided the evidences
that the predicted 3-Dimensional structure of
CtGH39 is acceptable and of good quality.
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Hepatoprotective effect of leaves of Balanites roxburghii

Abstract
The methanolic extract of leaves of

Balanites roxburghii (BLR) was evaluated for
its hepatoprotective activity against carbon
tetrachloride (CCl

4
)-induced hepatic damage in

rats. It was evaluated by measuring levels of
serum marker enzymes like serum glutamate
oxaloacetate transaminase (SGOT), serum
glutamate pyruvate transaminase (SGPT), alkaline
phosphatase (ALP) and total bilirubin (TBR). The
histological studies were also carried out to
support the above parameters. Administration of
BLR (200 and 400 mg/kg, p.o.) markedly
prevented CCl

4
-induced elevation of levels of

serum GPT, GOT, ALP and TBR. A comparative
histopathological study of liver exhibited near to
normal architecture, as compared to CCl

4
-treated

group.

Keywords: Carbon tetrachloride; Balanites;
Marker enzymes; Hepatoprotective activity.

1. Introduction
Balanites roxburghii is a medicinal herb,

found in Bengal, drier parts of India and Myanmar.
In Ayurvedic, the fruit has a bitter sharp taste,
digestible, alterative, anthelmintic, analgesic and
in Unani system of medicine for treatment of skin
diseases (1), in Sudanese folk medicine for
treatment of jaundice (2), In Egyptian folk
medicine, the fruits of Balanites (after removal

Hepatoprotective effect of leaves of Balanites roxburghii against
carbon tetrachloride-induced hepatic damage in rats
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of the apocarps) are commonly used as an oral
antidiabetic drug, in tropical Africa as fish poison
(3).

It was reported to possess immune
modulating properties (4), hypocholesterolemic
action (5), anti-inflammatory, antinociceptive and
antioxidant activities (6). An aqueous extract of
the mesocarp of the fruits of Balanites was
reported to exhibit a prominent antidiabetic activity
in streptozotocin (STZ) induced diabetic mice (7).

Phytochemical investigations have
revealed the presence of saponin glycosides,
flavonoids, tannins, alkaloids, phenols from
different parts of this plant (8).Chemically, Six
flavonoid glycosides: quercetin 3-glucoside,
quercetin-3-rutinoside; 3-glucoside, 3-rutinoside,
3-7-diglucoside and 3-rhamnogalactoside of
isorhamnetin were extracted and identified from
the leaves and branches (9). Saponins (10) have
also been identified from the plant

The local people (Warangal) use the
leaves as a traditional medicine for the treatment
of jaundice. For this purpose, the leaves are
crushed, made five small doughs and taken orally
once. Hepatoprotective activity of the bark as well
as fruit pulp of B. roxburghhi has been reported.
(11, 12). Therefore, in view of these reasons, we
selected to study the Hepatoprotective activity of
leaves of the plant.
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2. Materials and Methods
2.1. Animals

Wistar rats of either sex, weighing 100–
150 g, were used. They were procured from the
animal house of Mahaveera Enterprises (Reg.
No.146/1999/CPCSEA), Ranga Reddy District,
AP, India. They were housed in well-ventilated
room at 270 C (±2) and photoperiod of 12-h light/
dark cycle and fed with standard rodent pellet
diet with tap water ad libitum. All procedures
described were reviewed and approved by the
Institutional animal ethical committee
(Regn.No.169/1999/CPCSEA).

2.2. Preparation of leaf extract
The plant (B.roxburghii) growing in

Karimnager Dist, Andhra pradesh, India was
authenticated by Prof. Raju S. Vastavaya,
Taxonamist, Department of Botany, Kakatiya
University, Warangal. Fresh leaves (Voucher
number: LBR-055, deposited in: Herbarium,
director: Prof. Raju S.V.) from the plant were
collected in the morning, the month of July 2008.
Collected leaves were dried and powdered. The
methanolic extract was prepared by maceration
of leaves powder (1000g) with methanol (3L) for
7 days with intermittent stirring. After extraction,
the solvent was filtered and concentrated under
reduced pressure. The extract (yield: 27%)
obtained was stored at -20oC until being used.

2.3. Chemicals
Silymarin was supplied as a gift sample

by Micro Labs, Hosur, India. The solvents used
were purchased from Merck India Ltd.
(Mumbai). SGOT, SGPT, ALP and TBR
estimation kits were purchased from Span
diagnostics, Surat, India.

2.4. Acute toxicity test
The methanolic extract was administered

orally only once in doses of 100, 300, 1000 and
2000 mg/kg to groups of mice (n = 6, age 35 days,

weight  18-22 g) and percentage mortality was
noted beginning with 24 h up to a period of 7 days
(13).

2.5. Hepatoprotective activity
Hepatic injury was induced in rats by

subcutaneous administration of a single dose of
0.3 ml/kg CC1

4
 mixed with equal volume of olive

oil on the 7th day, 2 h after the last treatment of
the drug (14). Animals were grouped as follows:

GroupI: Control group, treated with
2%w/v acacia in water at the dose of 2.0 ml, p.o
(vehicle) daily for 7 days, followed by olive oil
treatment (0.3 ml, s.c.) on day 7.

Group II: Treated with vehicle (2.0 ml,
p.o.) daily for 7 days followed by CCl

4
 on day 7.

Group III: Treated with silymarin (100 mg p.o.)
daily for 7 days followed by CC1

4
 on day 7.

Groups IV and V: Treated with
methanolic extract of BLR suspended in 5% gum
acacia in water at doses of 200 and 400mg/kg
daily for 7 days followed by CC1

4
 on day 7,

respectively.

2.6. Estimation of Biochemical Parameters
The rats were sacrificed 24 h after the

administration of last dose under anaesthesia
using thiopentone sodium (35 g/kg b.w.i.p). The
blood was collected and allowed to stand for 30
min at room temperature and then centrifuged to
separate the serum.The separated serum was
estimated for various biochemical parameters like
serum glutamate oxaloacetate transaminase
(SGOT), serum glutamate pyruvate transaminase
(SGPT) (15), Serum Alkaline Phosphatase (ALP)
(16) and Total Bilirubin (17).

2.7. Statistical analysis
All values are expressed as means ± S.D.

The data were subjected to one-way ANOVA
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followed by Newman-Keuls multiple comparison
test and P<0.05 were considered significant.

2.8. Histopathological Studies
 Liver was rapidly excised immediately

after sacrifice. Liver was washed with normal
saline (0.9%) and fixed in formalin (10%), serially
sectioned and microscopically examined after
staining with hematoxylin and eosin (18).

3. Results
In mice, oral administration of the

methanolic extract of leaves at a dose of 100–
2000 mg/kg did not produce any overt changes in
behavior or symptoms of toxicity. The extract was
found to be safe up to a dose 2000 mg/kg in mice.

In rats, hepatic damage induced by CCl
4

caused significant rise in marker enzymes SGOT,
SGPT, ALP and Total serum bilirubin (Table 1).
Oral administration of BLR 400 mg/kg was
observed to lower significantly (P < 0.001) the
levels of marker enzymes namely SGOT, SGPT
and TBR. It also lowered ALP (P < 0.05). While,
BLR 200 mg/kg was observed to lower

Table 1.  Effect of BLR treatment on different biochemical parameters in the serum of rats

Parameter       Treatment
 __________________________________________________________________________________________

Control        CCl
4

Silymarin (100 mg/kg, BLR (200 mg/kg, BLR (400 mg/kg,
orally) + CCl

4
orally) + CCl

4
orally)+CCl

4
-

  ___________________________________________________________________________________________

SGOT (U/ml) 48.63±7.30 116.38±9.28* 58.30±8.73†  98.39±9.23§§ 69.82±10.25†

SGPT (U/ml) 37.22±6.02 131.93±8.11* 43.48±6.71† 120.59±7.66§ 95.93±7.72†

ALP (KA unit) 11.85±2.61 29.06±3.71* 16.13±2.50† 27.77±2.11 24.20±2.12§

Bilirubin (mg/dl) 0.53±0.07 1.39±0.06* 0.60±0.04† 1.26±0.08§§  0.93±0.06†

Total

Values are expressed as mean ±S.D. of six animals in each group.
*P < 0.001 as compared with group 1.
§ P < 0.05, §§ P < 0.01, † P < 0.001 as compared with group 2.
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significantly the levels of SGOT (P < 0.01), SGPT
(P < 0.05) and TBR (P < 0.01) but not lowered
ALP. The effect of BLR seemed dose dependent.
However, the protection offered by Silymarin
seemed relatively greater. Fig. 1 exhibits the
histological section of liver of rats treated with
BLR. The normalcy of hepatic cells and central
vein can be easily observed.

4. Discussion and Conclusion
Hepatotoxicity is due to the consequence

of CCl4 activation by cytochrome P-450 to
trichloromethyl free radical (CCl

3
•) (19) and which

in turn disrupts the structure and function of lipid
and protein macromolecule in the membrane of
the cell organelles (20). The leaves of
B.roxburghii were reported to posses flavonoids.
It was suggested that the plants containing
flavonoids to posses hepatoprotective activity (21).

The increased level of SGOT, SGPT, ALP
and TBR is sensitive indicator of liver injury (22).
In the present study, also it was seen that
administration of CCl

4
 elevates the levels of serum

marker enzymes SGOT, SGPT, ALP and TBR.
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BLR- and silymarin-treated groups exhibited lower
levels of marker enzymes as compared to CCl

4
-

treated group. The stabilization of marker enzyme
levels by BLR is a clear indication of the
improvement of the functional status of the liver
cells.

These findings can be further confirmed
with histopathological studies. The
histopathological examination clearly reveals that
the hepatic cells and central vein are near to
normal in BLR (400 mg/kg, p.o.) group in contrast
to group which received CCl

4
. Thus, BLR can

be considered to be an effective hepatoprotective
drug  as it brings near to normalcy the damage
caused by CCl

4
 to hepatic function. Hence this

drug can be used in polyherbal formulations to
provide a synergistic effect with other
hepatoprotective drugs and there by preventing

Fig.1. (a). Section through the liver of normal rats showing
central vein and hepatocytes. (b). Section through the liver
of CCl

4
-treated rats showing central vein and hepatocytes.

Note the necrosis of hepatic cells and formation of vacuoles.
(c,d, e). Section through the liver of BLR-treated (100 mg/
kg, 400 mg/kg and Standard respectively) rats showing the
central vein (round marking) and hepatocytes.
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the process of initiation and progress of
hepatocellular diseases (23).
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