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Molecular farming of Plant Derived EdibleVaccines
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Abstract

Vaccines have been one of the most far-
reaching and important public health initiatives of
the 20" 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 werefound toinduce both serum
and secretory antibodies when fed to mice, these
protective in bacterial toxin assays in vitro. This
isthefirst 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 todrive
the desired gene expression. The concept of edible
vaccine got impetus after Arntzen and co-workers
expressed hepatitis B surface antigen in tobacco.
Strategiesfor expression of foreign genesin high
amountsin plantsinclude 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 trandation start site context aswell as
alleviation of codons to suit the expression of
prokaryotic genes in a plant. Retention of heat
labile E.coli enterotoxinin ER of potato by using
ER-retention signal has been reported to elevate
the expression levels of the recombinant protein.

Choleratoxin, whichisvery similar to E.coli LT,
has also been expressed in plants generated
tobacco plants expressing CT-A or CT-B subunits
of thetoxin. Hepatitis B surface antigen (HBSAG)
has been reported to accumulate to 0.01% of
soluble protein level intransgenic tobacco. Edible
vaccineoffer exciting possibilitiesfor significantly
reducing the burden of diseaseslike hepatitis and
diarrhoea, particularly in the developing world
storing and admini stering 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 thewild type
meadesvirus(MV) have MV-neutralizing activity
and correlatewithimmunol ogical proteins. Recent
studies have shown that mammalian protein can
be expressed to high levelsin transgenic rice.

Key words - Edible vaccine, Antibodies,
Enterotoxin, Surface antigen, Choleratoxin

Introduction

Vaccinesare primary toolsin 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
itsstoragein remotest areain devel oping countries.
Vaccines and antibodies play a key role in
healthcare. However, the cost of production and
maintaining a chain for vaccine distribution has

Plant Derived Edible Vaccines
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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 plantsisaconvenient and inexpensive
source for these immunotherapeutic molecules.
Research underway is dedicated to solving these
limitations by finding way to produce oral (edible)
vaccinesin transgenic plants. Edible vaccinescan
be produced by transgenic plantsin large amount
and cost will be also cheap and no problem of
refrigeration and all section of people can afford
tobuy it for remedy of alarge number of diseases
HepatitisB virus (HBV) infectionisprobably 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 aready been entered intransgenic plant either
through Agrobacterium mediated transformation
or Particle gun bombardment (Biolistics) (38) and
encoding the hepatitis B surface antigen
(HBsAQ); this is the same antigen used in the
commercia yeast-derived vaccine. An antigenic
spherical particlewasrecovered from these plants
which is analogous to the recombinant hepatitis
surface antigen (HBsAQ) 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 inthe 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 devel oped countries. Studies supported
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by the World Health Organization have
demonstrated an effective vaccine for cholera,
which provides cross protection against
enterotoxic Escherichia cali. Thisvaccineis not
available, however, in large part due to cost of
production of the bacterial toxin protein whichis
acomponent 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 werefound
to induce both serum and secretory antibodies
when fed to mice; these protective in bacteria
toxin assays in vitro. This is the first “proof of
concept” for the edible vaccine.

The selection of aplant system for delivery
of ediblevaccinesfor humanshas 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 todrive
the desired gene expression. Research to find
these genetic regulatory elements are now
underway.

Ediblevaccineresearchiscurrently 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 dfalfa,
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

Daset al
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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 intheform 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. Thisgenerated agood deal
of excitement among biotechnologists, particularly
in light of the potential of edible vaccines and
antibodies for immunotherapy for countries like
India. Various strategiesfor expression of foreign
genes in high amounts in plants include use of
strong and organ specific plant promoters,
targeting of the proteininto endoplasmic reticulum
(ER) by incorporating ER-targeting and ER-
retention signals, creation of optimized trandation
start site context as well as alteration of codons
to suit the expression of prokaryotic genesin a
plant (19 & 66). Though promoters of genes, like
mai ze ubiquitin and rice actin, have been reported
todirect highlevel of expressionin monocots, the
35S promoter of cauliflower mosaic virusremains
the promoter of choice for dicots (55). Targeting
of the protein to appropriate cellular compartment
may behelpful 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 bacteria proteinstargeted to ER, itis
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 bacteria 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
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products are consumed raw to avoid degradation
during cooking. Thus, plantslike tomato, banana
and cucumbersare generally the plants of choice.
Whileexpression of agenethat isstably integrated
into the genome allows maintenance of the
materia 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 dwaysattainablein transgenic systems.
While plant system may have the capability of
producing any vaccinein large amountsand 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 (S1gA) 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 theantigen. Thus,
an antigen produced in the edible part of a plant
can serve as a vaccine against several infectious
agentswhichinvade epithelial membranes. These
include bacteria and viruses transmitted via
contaminated food or water, and resulting in
diseaseslike diarrhoeaand 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 appearedin 1990
intheform of apatent application published under
the International Patent Cooperation Treaty (37).
Subsequently, a number of attempts were made
to express various antigensin plants. Hein isone
of handful researchers using the tools of
bioengineering to transform ordinary fruits and
vegetablesinto botanical cargo vesselsthat carry
life saving vaccines. Edible vaccines promise to
be an affordable and safe way for peoplein even
the most poverty stricken parts of the world to
protect themselves against disease. Normal
vaccinesneed for refrigeration and purified serum,
hypodermic needles, or even trained medical

Plant Derived Edible Vaccines
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professional to distribute and oversee vaccinations
but these conditions are not required for edible
vaccines. Thegoal isto give peoplein developing
countries the genetically engineered seeds that
will sprout ediblevaccines. “Every cultureonthis
planet raises food” explains Hein. “This can
provide devel oping countrieswith astablevaccine
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
ScripsResearch Ingtitute, for instance, theantigen
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issnipped off the deadly cholera pathogen. Then
it is inserted into the cells of a bacterium that
causes a plant disease called crown gall. The
dfafa 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.
Thenext stepisto test the potency of the antigens
inplantsraisedinthefield, outsideof thecloistered
laboratory. “We've just harvested this crop of
dfafa’ saysHein, who'sinthemidst 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

Hepatitis B surface antigen
Rabiesvirusglycoprotein

Norwalk virus capsid protein

E.coli heat-labile enterotoxin B subunit
Choleratoxin B subunit

Mouse glutamate decarboxylase

VP1 protein of foot and mouth disease virus
Insulin

cornavirus

Glycoprotein swine-transmissible gastroenteritis

Plant

Tobacco
Tomato
Tobacco
Potato

Potato, tobacco
Potato
Arabidopsis
Potato
Arabidopsis

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 isamultimeric protein, quite similar
to choleratoxin (CT) structuraly, functionally and
antigenically. LT has one A subunit (27 kDa) and
apentamer of B subunits (11.6 kDa). Binding of
thenon-toxic LT-B pentamer to GM 1 gangliosides,
present on epithelia 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 highto alow distribution of thisvaccine. 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-
clinica trials in humans. The antigenic protein
retained itsimmunogenicity after purificationfrom
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. Presenceof both anti-LT IgA-
secreting cells and anti-LT 1gG-secreting cells
was detected in the peripheral blood.

Choleratoxin, whichisvery smilar to E.coli
LT, has also been expressed in plants (24),
generated tobacco plantsexpressing CT-A or CT-
B subunits of the toxin. CT-A produced in plant
was not cleaved into A1 and A2 subunits, which
happensin epithelial cells. Plants expressing CT-
B showed the presence of aprotein that migrated
to the same position in denaturing gel asthe 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
bacteria protein. Even after boiling transgenic
potato tuberstill they became soft, approximately
50% of the CT-B was present in the pentameric
GM1gangliosidebindingform (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).
Theantigens, delivered inamacromolecular form,
are known to survive the gut atmosphere and
perform better. (8) Carrillo et a 1998 expressed
structural protein, VP, of foot and mouth disease
virus in Arabidopsis. The mouse that was
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immunized intra-peritoneally with a leaf extract
eicited 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
vaccinesoffer exciting possibilitiesfor significantly
reducing the burden of diseases|ike 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 erain 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
inpeople.

Table 2. Transient production of antigens in plants
after infection with plant viruses expressing a
recombinant gene

Protein Plant Carrier
Influenza antigen Tobacco T™MV
Muirezonapdiuddaatigen  Tobacco ™V
Rabies antigen Spinach AFMV
HIV-1antigen Tobacco AFMV
Mink enteritisvirusantigen Blackeyedbeen CPMV
Colon cancer antigen Tobacco ™V

AFMYV, dfdfamosaic virus, TMV, tobacco
mosaic virus, CPMV, cowpeamosaic Virus

Plant Derived Edible Vaccines
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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 goa of
the study wasto demonstrate that an ediblevaccine
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
responsesinanimals. Thetria enrolled 14 healthy
adults; 11 were chosen at random to receive the
genetically engineered potatoes and three
received pieces of ordinary potatoes.

Theinvestigators periodicaly collected blood
and stool samplesfrom thevolunteersto evaluate
the vaccine stimul ate 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
vaccinesfor other intestinal pathogensare aready
inthe pipdine- for potatoes and bananasthat might
protect against Norwalk virus, a common cause
of diarrhoea, and potatoes and tomatoesthat might
protect against Hepatitis B. This first trid is a
map road to creating inexpensive vaccines that
might be particularly useful inimmunizing people
indevel oping countrieswhere 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 pedled the
potatoes just before they were eaten, because
potatoes sometimes contains a compound that
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imparts a bitter taste and can cause nausea and
stomach upset. The potatoes then cut into small,
uniform piecesand weighed into 50-gram and 100-
gram doses. Each person received either 50grams
or 100 grams of potato over athree-week period,
0, 7 and 21 days. The dosage size varies evaluate
any side effectsfrom eating raw potatoes. NIAID
isacomponent of the National I nstitutes 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
isan 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
biopharmaceutical s have a so been produced and
expressed (20, 36). Edible vaccine could show
multiple T cell epitopesfor oral tolerance against
antigens (25)

In Canada, agenetically engineered tobacco
plant madeto produce Interleukin 10 will betested
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.
Researchersat the London Health Science centre,
London, Ontario, Canada are growing potatoes
that have been geneticaly altered to produce a
special diabetic protein. When the potatoes are
fed to diabetic mice, scientistsfind that most don’t
develop Typel diabetic asjuvenile-onset diabetes.
Scientists believe that the low cost production of
this protein may help the people worldwide
affected by diabetes. Inthelab, 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 regjection (8). His team contemplated
that plants are ideal because they can synthesize
and assemble proteinsto provide huge quantities
proteins at relatively low cost.

Ediblevaccineswerefirst 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 antigensin their bodies just
asif they had received atraditional anti-diarrhoeal
vaccine and they experienced no adverse side
effects. Roswell Park Cancer Institutein Buffalo,
New York a so developed edible vaccinesin raw
potatoes and foreign proteins (HBsIgA) can help
to cure human being from Hepatitis B virus.
Ediblevaccinesare currently being devel oped for
anumber of human and animal diseases, including
measles, cholera, foot and mouth disease, and
hepatitisB & C. Many of thesediseasesarelikely
to require booster vaccinationsor multipleantigens
to induce and maintain protectiveimmunity. Plants
have the capacity to express more than one
transgene, allowing delivery of multiple antigens
for repeated inoculations (14). Globally, meases
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
resultsin 95% seroconversion inindividualswho
are over the age of 18 months at the time of
vaccination (15). However, the measles live-
attenuated vaccine (LAV) has no ora 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 aserious challengeto the goal
of measles eradication.
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Development of an edible measles
vaccine: Thefirst stage in the development of an
edible vaccine is selecting which antigen to
express. Measlesis an enveloped virus with two
major surface proteins- the hemagglutinin (H) and
fusion proteins. Antibodiesraised totheH protein
after infection with the wild type measles virus
(MV) have MV-neutralising activity and correlate
withimmunological protection (12). TheH protein
subunit from the attenuated Edmonston vaccine
strain was therefore selected as the basis for an
edible meadles vaccine.

Transgenic plants may be produced by a
number of methods. The most common uses
Agrobacteriumtumefaciens, anaturally occurring
soil bacterium, to transfer asmall segment of DNA
into the plant genome in a process known as
transformation (Fig 1). Whole plants can then be
regenerated from individual plant cellsthat 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 retainsitsimmunogenic. Secretary IgA is
indicative of amucosal immune response, which
is important for protection against diseases that
establishinfection through mucosal surfacessuch
astherespiratory tract. Plant can produce alarge
amount of recombinant proteins for remedy of
different disease and act asfactories (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 alergic 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 amodel 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
unsuitablefor vaccinedelivery. Clinical trilshave
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 aternative may be rice, which

Measles RNA

DNA containing gene
lor H prolein

Hemaggiutinin (H) protein

Agrobacterium
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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.

A: Seloct a vaccine target
(antigen) and «dentty
the coding sequence.

8: Tmansler the coding
Saquence 1o a geneg veclor
{8y, piasmid) and insert
into Agrobactenum.

C: Incupate Agrobactenum
with plani tissus

D: Generate whate plants
from transtormed cells
and charactense anngan
expression by westarn biol

Transgenic Westorn blot 1o contirm
plants presence of H protein
4 i E: Delne ahﬂgen
HINTILNGGETUCHTY 1N
4/ animal sthles
-
Intraperntonaal Gavage and Prnmate
inoculation feeding studies stdias

Fig-1 Strategy for the development of plant edible vaccine
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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 diseaseslike diabetes mel lituswhich
involve production of antibodiesagainst glutamic
acid decarboxylase (GAD) andinsulin, 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
productioninlarge amounts of the human antigens
that are generally difficult to produce by
conventional means, attempts have been made
to produce such antigensin 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
lymphoidtissue, insulinwaslinked 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
asadietary supplement, inhibited the devel opment
of diabetes in the non-obese diabetic mouse.
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Expression and assembly of antibodies in
plants

Transgenic plants are aso being looked
upon as a source for producing large-scale
antibodieswhich can servethe purpose of passive
immunization by direct application, in addition to
providing atool for drug targeting or interactive
inactivation of undesirable molecules (41, 27).
Gene technology has provided great impetus to
the utility of antibodies, since antibody genescan
be atered 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 covaently 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 alow cloning
and screening of antibodies with suitable avidity
easily.

Table 3. Antibodies and antibody fragments produced in transgenic plants

Antibody Antigen Plant
19G (k) Transition stage analog Tobacco
IgM (&) NP(4-hydroxy-3-nitrophenyl) Tobacco
acetyl hapten
Singledomain (dAb) Substance P Tobacco
Singlechain Fv Phytochrome Tobacco
Singlechain Fv Artichoke mottled virus coat protein Tobacco
Fab; 1gG (k) Human creatin kinase Arabidopsis
19G (k) Fungal cutinase Tobacco
109G (k) and SIgG/A hybrid S. mutagens adhesin Tobacco
Singlechain Fv Abscisic acid Tobacco
Singlechain Fv Nematode antigen Tobacco
Singlechain Fv &-glucuronidase Tobacco
a-1,4 endoglucanase
Single chain antibody fragment Atrazin, Paraquat Tobacco
190G Glycoprotein B of Herpessimplex virus Soybean

Daset al




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

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 antibodiesand
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 antibodiesin
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 immunoglobulinin mucosal
secretions. SIgA not only contains heavy and light
chains but it is also dimerized by a J chain, and
protected from proteolysisby afourth polypeptide,
the SC. Production of such antibodies in
mammalian cellsis 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
monoclona antibody light k chain, thehybrid IgA-
G antibody heavy chain, murine Jchain and rabbit
secretory component. A series of sexual crosses
was carried out to allow expression of al thefour
proteins simultaneously. The progeny produced
a functional secretory immunoglobulin very
efficiently. This demonstrated the potential of
plantsin assembly of antibodies, and theflexibility
of system. Recently, a humanized monoclonal
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antibody against glycoprotein B of herpessimplex
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 aso plant cell cultures (23).

Topical application of antibodieshasalready
been shown to control infection by way of passive
immunization. A hybrid monoclond antibody (IgA/
G), having constant regionsof 1gG and IgA fused,
has been used successfully against human dental
caries caused by the bacterium Sreptococcus
mutans (33). Ma et a. (1998) compared the
secretory antibody produced in transgenic tobacco
(SIgA/G) and theoriginal mouselgG. Though both
had similar binding affinity to surface adhesion
protein of Smutans, SIgA/G survived for three
daysintheoral cavity, whereas|gG 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 infectionsin humans and animals.
Medical molecular farming has been donefor the
production of antibodies, biopharmaceuticalsand
edible vaccinesin plants for immunotherapy (16,
31 and 32). Co-expression of soybean glycinias
AlaB 1band A3B4 enhancestheir accumulation
levels in transgenic rice seeds (62).

Scope for future study

Vaccines have been one of the most far-
reaching and important public healthinitiatives of
the 20" 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 till to be overcome
before vaccine crops can become a reality.
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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 sterileinjection 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
bioencapsul ation, subunit vaccine (not attenuated
pathogens) means improved safety,
seroconversion in the presence of maternal
antibodies, generation of systemic and mucosal
immunity, enhanced compliance (especialy 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
failureincell cycleregulators. Therefore, activity
of themgjor cdll cycleregulator, cyclin-dependent
kinase (CDK), is tightly regulated by cyclin
dependent kinase inhibitors (CKIs) such as the
p21CIP1 and p27KIP1. These CKls, mainly
functioning asacyclinE/CDK 2 complex inhibitor
during the G, cell cycle, have been reported to
play disparate roles including the assembly of
cyclinD/CDK 4,6 and othersthat apparently assist
cell growthiif not hel p carcinogenesis. Whiletheir
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. Thisreport will discussthecomplex
regulatory mechanismsof p21CIP1 and p27K1P1
proteins on the cue of extracellular signals and
their indications of functional importance to
carcinogenesis.

Keywords: Cell cycle; Proliferation; CDK,
p21CIP1, p27KI1P1

Introduction

Themammalian cell cycleoperateswith
four distinct phases, G,, S, G, and M in atightly
regulated manner, each of which should be
completed beforethe next begins (1). Progression
of cell cycletransitionsis mediated by sequential
activation of the cyclin/lCDK complexes. Since
timely regulationisabsolutely important in normal
cell cycleprogression, cyclin/CDK complexesare
integrators of the multiple signals. Those signals
include extracellular signals such as cytokines,
hormones, or physical interactions with
extracel lular matrix or other cells. In mammalian
tissues, severa cyclin/CDK complexesplay arole
in the G -to-Stransition (2). In early G,, 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 inmany cell types(4). Inlate G, cyclin
E/CDK2 activity iselevated duetotheinitial cyclin
D/CDK4,6 activation, not by mitogenic
stimulation. Theincreased cyclin E/CDK 2 activity
phosphorylates pRb and releases E2F
transcription factorsfrom aninactive or repressive
pRb—E2F complex, which initiates a whole new
synthesisof proteinsinvolvedin DNA replication
(5). The E2F genes also involve some
protooncogenes and some cell-cycle regulatory
proteins, aswell ascyclin E that formsafeedback
loop to expedite and commit to enter S phase.
Activity of cyclin/CDK complexes is regulated
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inmultiplewaysby theaccumulation of thecyclin,
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, cyclin/CDK complexes is their
association with CKls. The CKlseither physicaly
bind and block the cyclin/CDK complexes or
inhibit substrate/ATP access. Early investigators
postul ated that some of these CKIshave additional
functions (6). CKls are grouped to two gene
families: the smaller INK4 (inhibitors of CDK4)
andthelarger CIP/KIP (CDK interacting protein/
kinaseinhibitory protein).

The INK4 family is composed of
p1l6INK4A, p15INK4B, p18INKA4C, 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 CDKG6. 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 cellsin the G-
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 functionin
p16INK4A results in the same effect of loss of
function in Rb (10). It has been reported that
pP14ARF proteinisclosely related to p16INK4A.
The ARF protein, aspliced variant of the INK4A
gene, is known to have a function of stahilizing
p53 by preventing degradation (11). The second
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INK4 family protein, p15INK4B, regulates the
cell cycle clock by inhibiting cyclinD/CDK4- or
cyclinD/CDK 6-mediated phosphorylation of Rb.
Induction of p15INK4B-triggered G, -phase arrest
occurs in response to TGF-a (12). Loss of
p15INK4B gene is associated with lympho-
proliferative disorders and tumor formation (13).
The p15INK4B mediated pathways that control
G,/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 animportant rolein growth control and its
expressionisfound in many different tissuetypes.
It has been suggested that loss of pl8INK4C
function results in shortening the G, phase and
thus facilitates the cell cycle progression.
Interestingly, functional synergism between
p18INK4C and p27KI1P1 has been implicated in
pituitary tumors (14, 15). A recent study of the
gene encoding p19INK4D isinduced 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)

Thesecond group of cell cycleinhibitors
is CIP/KIP family proteins. p21CIP1, p27KIP1
and p57KIP2. The structural feature of these
proteins shows an ability to bind awhole cyclin/
CDK complex, different from INK4 family
proteins ability to bind CDK protein alone by
competing for cyclin’sbinding. They canfunction
throughout the all cell cycle phasesby interacting
with different kinds of cyclin D, E, A/CDK
complexes. Althoughinitialy identified ascell cycle
inhibitors, these CIP/KIP family proteins have
emerged to display roles in different cellular
functionsranging from apoptosisto 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. Thefirst identified inhibitor in this
family is p21CIP1 that is also named SDI1
(senescent cell-derivedinhibitor 1) or WAF1 (wild-
type p53-activated fragment 1). The existence
of p27KIPL is discovered by TGF-f3 induced G,
arrest and its function as a G, arrest controller
diversifies into cases such as contact inhibition
mediated G, arrest. pS7KIP2 that is discovered
during the search for homol ogues of p21CIP1 and
p27KIP1 also participates in the control of cell
cycle regulation as well as differentiation and
apoptosisin particular tissues (17). Recent studies
demonstrate that p57KI1P2 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 p57KI1P2
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 p27K1P1 proteinsthat 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 p27K1P1 bind to
cyclin/CDK complexes to inhibit cyclin/lCDK
catalytic activity and result in cell cycle arrest. It
becomes evident that p21CIPland 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 p27KI1P1 proteins beyond cell
cycle controls. A complex signaling and
phosphorylation network modifiesthese proteins
and changes their degradation, subcellular
localization, and protein-proteininteractions. This
article will focus on reviewing the cellular
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functions and recent advances of the p21CIP1
and p27KIP1 proteins.

A CIP/KIP protein interacts with cyclin/
CDK complexes

G, cell cycle progression relies on the
sequential activation of G, cycli/CDK complexes
to enter the Sphase. Tight regulation of G, cyclin/
CDK complexesthereforeis essential when cells
decide to divide because the commitment site,
restriction point, for cell division lies at late G,.
INK4 family proteinsbind and inhibit CDK4 and
CDK6 specifically and CIP/KIP proteinsinteract
with the cyclin E/CDK2 complex, inhibiting cell
cycle transition from G, to the S phase (19).
Different from the INK4 family proteins, CIP/
KIP proteins do not dissociate cyclin/CDK
complexes (20). Thefirst &helical loop of aCIP/
KIP protein interacts with the cyclin, and the
second helix binds to the catalytic cleft of the
CDK subunit, thereby blocking ATPloading (21,
22). Many cyclinD/CDK 4,6 complexeshave been
found to contain p21CIPlor p27KIP1 and
surprisingly maintain the active state of thecyclin
D/CDK4,6 complex. With the help of data from
animals of the knockout p21CIP1 and p27KI1P1
genes, p21CIPland p27KIP1 proteins are now
believed tofacilitate assembly of the two subunits
of cyclin D1 and the CDK4 or CDK6 (5). Then
these contradictory dua functionsof p21CIP1and
p27KI1P1 comprise inhibition of the nuclear
CDK2 and assembly, thusactivation, of cytosolic
CDK4 or CDK®6 with cyclin D. Therefore, the
p21CIP1 and p27KIP1 proteins might havetotally
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-typecyclins. p27KIP1 protein
can bind to the nuclear pore-associated protein
MNPAP6E0, and interact with the nuclear export
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protein CRM1 (23, 24). p21CIP1 blocks the
interaction between cyclin D1 and the CRM1,
leading to increased cyclin D levelsinthe nucleus.
Since nuclear export is mediated by CRM1,
CRM1 interaction with p21CIP1 and p27KIP1
causestrans-localization into the cytoplasm. It can
also be interpreted that the interaction displaces
cyclinD1from CRM1toincreasethecyclinlevel
inthe nucleus. Thebinding 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/CDK 2 and resulting in
hyperphosphorylation of Rb from the inhibitor-
free cyclinE/CDK2 activity. Different from the
p16INK4 null mouse phenotype, p27KI1P1 null
mice do not show an increased tumor frequency.
However, null miceof multiplecell cycleinhibitors
display severedevelopmental defectsdthough null
phenotypes show clear discrepancies between
INK and CIP/KIPfamily proteins, suggesting the
existence of redundant roles.

The CIP/KIP family proteins are best
known ascell cycleinhibitorsbut they asoplay a
role in cell differentiation, senescence and
apoptosis. p21CIP1isinvolved in p53-dependent
DNA damage-induced G, arrest. The main role
of p21CIP1 of course is G, arrest through
inhibiting theactivity of cyclinE/CDK2. Cytokines
such as TGF-beta, TNF, or IL6 induce p53-
independent expression of p21CIP1 which can
suppress apoptosisand at the sametime cell cycle
inhibition (25). Since p21CIP1 functions in a
variety of different cellular processes, the
conseguences of changesin p21CIP1 regulation
after DNA damage are complex. Previousreports
indicate that p21CIP1 plays both anti- and
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proapoptotic roles. Cytoplasmic p21CIP1 can
interact with ASK 1 and procaspase 3 to suppress
apoptosis. On the other hand, overexpression of
p21CIP1 and retinoic acid-induced p21CIP1
promote apoptosis. In many cell types, p27KI1P1
plays akey rolein the decision to the G -Sentry.
First identified as a CDK2-inhibitor in contact
inhibition or TGF-beta arrested cells, 27KIP1 is
a soinduced by other anti-mitogenic signalssuch
as CAMP and rapamycin or |ovastatin 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
becomefit to the new environment through proper
cell cycle regulation. On performing the critical
actions, p21CIP1 and p27KIP1 proteins share
common cell cycle effectsasthey have conserved
sequences in their inhibitory domains and both
proteins can form aternary 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 mechanismsinvolved, these proteins
possess seemingly contradictory actions of
facilitating cell motility and interacting with
proteinsinvolvedinfunctionsasidefrom cell cycle
regulations when they are localized in the
cytoplasm. Fibroblasts are the model system that
ismainly 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 multiplebiological functionssuch
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
modificationslike 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 astheir 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 cycleinhibitors as
their own substrates. It ismoreimportant 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 kinaseswhich interact and phosphorylate
directly p21CIP1 and p27K1P1 proteinshave 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 p21CIP1in H1299
cells. AKT phosphorylation of p21CIP1 functions
inincreasing protein stability of p21CIP1 and cdll
survival (29). Other studies regarding AKT-
induced phosphorylation at threonine 145 of
p21CIP1 present the function for subcellular
localizations in HER2 overexpressing breast
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cancer cells. Protein phosphorylation has an
essential function in al 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
clinica values (30). The very kinase critical for
transformation therefore becomes an important
guestion 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.
Cytokinesinducing differentiation also end up on
phosphorylating the same targets as antimitogen
signals. Myablast cell surviva 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, thereisadifference
in the biological effects as p21CIP1 directs cells
toward megakaryocytic differentiation and
p27KI1P1 provokes an erythroid differentiation
response.

Important roles of p27KI1P1 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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p27KI1P1 by ERK1 isasigna 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 Thrl57 and Thr198
becomes better assembler of cyclin D/CDK4
complex formation (32, 33). Since p27KIP1
binding to cyclin D/CDK4 facilitates activation
of cyclinE/CDK?2 through sequestration of the
inhibitory protein, the differential binding of
p27K1P1tothedistinct CDKsduring G, cell cycle
can be attributed to the phosphorylation status of
p27KIP1. Altered p27KIP1 phosphorylation
would then switch p27KI1P1 cyclin/complexes. As
p27K1P1 phosphorylationiscell cycle dependent,
the cyclinE/CDK 2 inhibitory activity of p27KI1P1
ismaximal in G, and falls as cells move through
G, into S phase. At the same time, the cyclin D/
CDK4 bound p27KIP1 is maximal during early
G,. Anti-mitogenic signaling dissociates p27K1P1
from CDK4/6 complexes and accumulates in
cyclinE/CDK 2. Aswith Thr145 phosphorylation
of p21CIP1 by PIM1, PIM kinases promote cell
cycle progression by phosphorylating and down-
regulating p27K1P1

Phosphorylation affects degradation and
localization of p21CIP1 and p27KIP1
proteins

Mitogenic signalings often cause down-
regulation through accelerated proteolysis and
midlocalization 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
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involves E3-ubiquitin ligases, such as SCFSKP2
(34). Whileless often than accel erated 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
proteinsthat compose p21CIP1 and p27K1P1 gene
transcription factors can result in the negative
transcriptional regulation of p21CIP1 and
p27KI1P1 proteins. Therefore, mislocalization of
those nuclear proteins including FOXO family
proteinsinto the cytoplasm can disablethem asa
tumor suppressor. |nthe cytoplasm, FOXO family
proteins can no longer exercise a transcription
factor, nor do the p21CIP1 and p27KI1P1 proteins
the cyclinE/CDK?2 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 thetranscriptional level. Nonethel ess,
the fact that a half-life of p21CIP1 islessthan 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. CDK?2,
AKT, p38MAPK or SAPK, INK, GSK-3[3, 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 withitsbinding 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
isbetter identified for the p27K1P1. Antimitogenic
signaling induced phosphorylation of p21CIP1, as
predicted, inhibits p21CIP1 degradation.
p38MAPK or SAPK and JNK1 activated by
TGFM3 -1 phosphorylates p21CIP1 at Ser130 and
increases p21CIP1 stahility.

Activity of the target protein CDK2 can
affect p21CIP1 stability. Whileit isintriguing to
understand how CDK inhibitors can put the CDK
activity to usefor their degradation, anovel idea
has been recently reported with an introduction
of amodel 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. CDK 2-dependent phosphorylation of
p21CIP1 at Ser130 would be recognized by a
SKP2-contai ning 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
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subcellular localization of p21CIP1in H1299 cells
(29). The finding that p21CIP1 phosphorylation
at Serll14 by GSK-3R 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 midocalization of p21CIP1intumors
is not understood as well as that of p27KIP1,
p21CIP1 protein might be more involved in
apoptosis compared to p27KIP1 protein. For
p27KI1PL, cytoplasmiclocalizationisclosaly linked
to poor prognosisin 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 cancersincluding colon, breast, prostate,
ovarian, and brain cancer. At G,, p27KIP1
stabilizationisaresult of Ser10and Thr198. Ser10
phosphorylationin quiescent cellsisattributed to
MIRK/DYRK1B. Serl0 phosphorylation
interfereswith the binding of p27KI1P1 to cyclin/
CDKcomplexes which may reduce p27KIP1
stability. At mitogenic signal, KIS isresponsible
for Serl0 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 p27KI1P1.
In addition to the threonine/serine phosphorylation
sites, p27KI1P1 possessesthreetyrosine 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 hinding
region of p27KIP1 and the phosphorylation of
these tyrosines makes p27KIP1 unstable. The
protein unstability is because p27KIPL1 is a poor
inhibitor of CDK2 and thus partially restore the
kinase activity after tyrosine phosphorylation.
Phosphorylation at Thr187 of p27K1P1 by cyclinE
/CDK2 complexes providesabinding sitefor the
SCFSKP2 E3 ubiquitin ligase (39). Therefore,
p27KIPL protein levels significantly decrease
when cyclinE/CDK?2 is activated.

Conclusion

Understanding the p21CIP1 and
p27KIP1 protein regulation provides a better
insight onthe cell cycleregulation mechanismsin
human cancer. Astheir primary functionasaCKI
istobind and inhibit acyclin/CDK complex, these
two p21CIP1 and p27KIP1 proteins function
throughout theall cell cycle phasesby interacting
with different kinds of cyclin D, E, A/ICDK
complexes. These cell cycle inhibitors have
emergedto display rolesin other cellular functions
such as apoptosis and cell migration. Their
functions are differentiated through exchanging
partner proteins. Therefore acompetent structure
of these proteins for punctual or scrupulous
partner proteins may be critical for the
maintenance of normal cell homeostasis. After
denovo synthesis, p21CIP1 and p27K1P1 proteins
are extensively modified by post-translational
modificationsof phosphorylation. Phosphorylation
of these proteins has been recently reported to
betheresult of direct substrate-kinaseinteractions
of major signalling molecules such as MAPK or
AKT as afina molecular event of extracellular
signaling pathways. Mitogen- or antimitogen-
induced phosphorylation causes alteration in
expression levelsand theintracellular location of
p21CIP1 and p27K1P1 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
ailmentsincluding cancer. Thisherbal 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 mechanismsof thisactivity
remainsstill unclear. Inthe present study, we have
shown that withaferin A inhibited vascular
endothelial cell growth factor (VEGF) -induced
tubeformeation by human umbilica veinendothelial
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 levelsin 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 Spl
transcription factor to VEGF-gene promoter, in

order to exert its antiangiogenic activity. These
resultsclearly indicate the antiangiogenic potential
of withaferin A in modul ating antitumor activity.

Keywords. Ehrlich ascites tumor; Withaferin
A; Angiogenesis; Spl, VEGF.

Introduction

Severd 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 endothelia cell
proliferation and angiogenesis in vitro (4).
Angiogenesis is essential for the growth,
progression and metastasis of solid tumors (5).
Withaferin A, amember of thewithanaidesfamily
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)
isamajor 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 severa
potential transcription factor-binding sites, such
as hypoxia-inducible factor-1(HIF-1), activator

Spl transcription factor
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protein (AP)-1, AP-2, early growth response-
1(Egr-1) and Spl (12).

The GC box-binding protein, Spl is a
ubiquitoustranscription factor that belongsto the
Sp family of transcription factors, consisting of
Spl, Sp2, Sp3, and Sp4 (13). Spl 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). Spl activities are regulated
by avariety of stimuli. Most of these regulations
occur through either post-translational
modification or alteration of Spl protein
abundance.

The principal known post-translational
modifications are phosphorylation and
glycosylation through the O-linkage of the
monosaccharide, N-acetylglucosamine (O-
GIcNAC) (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
Spl (17). Thereforeit is clear that a constitutive
Spl activationisessentia for thedifferential over
expression of VEGF, which in turn plays an
important rolein angiogenesisand the progression
of cancer. It has also been shown that Spl 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 Spl transcription factor. Moreover,
we investigated the molecular mechanism by
which withaferin A inhibits angiogenesisin vivo.

139

Materials and methods
Materials

Ehrlich ascites tumor (EAT) cells were
routinely maintained in Swiss albino micein the
animal house, University of Mysore, Mysore,
India. Endothelia growth medium (EGM-2) was
procured from Cambrex Biosciences,
Walkersville, USA. Dulbecco’smodified 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 Spl oligonucleotides
(5-d (ATTCGA TCG GGG CGG GGCGAG C)-
3') for gel shift assays were obtained from
Promega. Radioacive &[*P] 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. Therest of the chemicals were
of analytical grade of purity and were procured
locdly.

M ethods

Isolation of withaferin A from Withania
somnifera roots

Withania somnifera roots were collected
locally from Mysore, India. The plant specimens
wereidentified 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 100il of
DM SO and diluted 100 timeswith steriledistilled
water to makefinal concentration 1ig/il and used
for subsequent experiments.

Prasanna et al
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Human Umbilical Vein Endothelial Cells
(HUVECS) culture

HUVECs were purchased from
Cambrex Biosciences, Walkersville, USA. The
cellswere cultured in 25 cm?® tissue culture flask
(NUNC, Genetix BiotechAsia, Bangalore, India)
and grown using EGM -2 medium and endothelial
cell basal medium according to the
manufacturer’s protocol. Incubation was carried
out in ahumidified atmosphere of 5% CO, in air
at 37°C. When cells reached confluency, they
were passaged after trypsinization. HUVECSs 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. Micewere housed and fed adiet 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 (5x108cells/
mouse) injected intraperitoneally grow in mice
peritoneum forming an ascitestumor with massive
abdominal swelling. The animalsshow adramatic
increase in body weight over the growth period
and the animals succumb to the tumor burden
15-16 daysafter implantation. The number of cells
increased over the 14 days of growth with
formation of 7-8 ml of ascitesfluid with extensive
neovascularizationintheinner 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 4°C). Contaminating red
blood corpuscles if any were lysed with 0.8%
ammonium chloride. Cells were resuspended in
0.9% saline. These cells or their aiquots were
used either for transplantation or for further
experiments.
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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 50U of Matrigel (Becton Dickinson Labware,
Bedford, MA), which was alowed to solidify at
37°C for 1 hour. HUVECs (5x 102 cells per well)
were seeded onthe Matrigel and culturedin EGM
medium containing withaferin A (3.5-14ug) for 8
hours. After incubation at 37°C 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 detail ed procedure as described by Gururaj,
A.E. et al. (21, 22). In brief, fertilized chicken
eggs were incubated at 37°C in a humidified
incubator. On the 11th day of development, a
rectangular window was made in the egg shell
and glass cover dips (6-mm diameter) saturated
with 25ng/ml vascular endothelial growth factor
(VEGF) and VEGF + withaferin A (7ig) 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 dlip 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 DM SO) wasinjected
into the EAT bearing mice every aternate 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 4°C. 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 peritonea cavity was examined for extent of
neovascul ature and photographed. Formaldehyde
fixed and paraffin embedded tissues of peritoneum
from EAT bearing miceeither treated or untreated
with withaferin A were taken and 5im 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
ascitesfluid was collected after 24h of each dose.
VEGF-ELISA was carried out using the ascites
fluid (21, 23, 24). In brief, 100ul 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 4°C
overnight. Subsequently, wells were incubated
with anti-VEGF, ., antibodies, followed by
incubation with secondary antibodies tagged to
akaline phosphatase and detection using p-nitro-
phenyl phosphate (pNPP) as a substrate.
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Preparation of nuclear extracts

Nuclear extracts were prepared
according to themethod previously described (25).
Briefly, cells (5X10°) treated either with or without
withaferin A in complete HBSSfor 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,, 0.5 mM
EGTA, 0.5 mM DTT, 1 mM Pefablock, 1ug/ml
Aprotinin, 1ug/ ml Leupeptin). The cells were
alowedto swell onicefor 10 min; thetubeswere
then vigorously mixed on a vortex mixer for 1
min and centrifuged at 10,000 rpm for 10 min at
4°C. The supernatant was immediately stored at
-20°C.

ElectrophoreticM obility Shift Assay (EM SA)

Nuclear proteins were extracted from
EAT cellstreated either with or without withaferin
Afor 60,120 and 180 minrespectively. The EMSA
was performed as described in earlier report (26,
27). The double stranded Spl consensus
oligonucleotide probes [5'-d (ATT CGA TCG
GGG CGG GGC GAG C)-3'] were end-labeled
with &[*?P] ATP. Nuclear proteins (40ig) were
incubated with 40fmoles of &[*2P]-labeled Spl
consensus oligonucleotides for 30min in binding
buffer containing 200mM HEPES (pH 7.9),10mM
MgCl, 125 mM KCI, 0.5mM EDTA, 4%
glycerol,0.5% NP-40,1ig of poly [dI-dC] and
1mg/ml BSA. The sampleswere el ectrophoresed
in 4% non denaturing polyacrylamidegel in 0.5%
TBE at room temperature for 2 hr at 200V. The
gel was dried, transferred to imaging plate (I1P)
and the image was scanned by image analyzer
Fujifilm (FLA-5000).

Results

Withaferin A inhibits tube formation of
HUVECSs induced by VEGF

Inorder to verify if withaferin A interferes
directly with the formation of blood vessels by
HUVECSs, we performed tube formation assay
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in vitro. The HUVECs were plated on the
Matrigel. TheHUVECsin 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), HUVECsrapidly
aigned with one another and formed tube-like
structures resembling a capillary plexuswithin 8
hours, after VEGF treatment. However,
treatment with withaferin A prevented VEGF -
stimulated tube formation of HUVECs in a
concentration (3.5-14ug) - 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 HUVECsto form the
in vitro vessel-like tubes, one of the important
traits of the endothelia cells.
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Fig. 1: Effect of withaferinA onVEGFinduced HUVECs
tube formation

HUVECs (56X 103 cdls) culturedin EGM medium
with 3.5ug, 7ug and 14 ug withaferin A was added to
the Matrigel coated 96 wells plate. After incubation
for 8 hours at 37°C, capillary networks were
photographed and quantified (Magnification: X40).
Concentration dependent inhibition of tube formation
by withaferin A was recorded. All datas are presented
asmean fromthreedifferent experimentswith triplicates
and meansof £ S.E.M. P<0.05 vscontrol.
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Withaferin A inhibits VEGF induced neovas-
cularization on chick choricallantoicmembrane

CAM assay is one of the widely used
validation assays for formation of new blood
vessals. 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. Inthe CAM assay model
withaferin A induced avascul ature zoneformation
inthedevel oping embryos. Notably newly formed
microvessels were regressed around the area of
withaferin A treated CAM (Fig. 2).

VEGF

Normal

VEGF+Withaferin A

2 43

Fig. 2: Effect of withaferin A on neovascularization
inthe 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

Initidly, proliferation of tumor cellsin
mice was monitored by measuring the weight of
the animalsevery day. A decreasein body weight
in withaferin A treated animals was observed
when compared to the increased body weight of
the untreated tumor bearing mice. It was aso
observed that withaferin A lessened the tumor
burden considerably in adose 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 cellsincreased exponentially. In
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contrast, in the withaferin A treated group, the
number of cells were drastically decreased (Fig.
3A). Thisimplied 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 isprobably capable of inhibiting the
proliferation of tumor cell growth in vivo.
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Fig. 3: Effect of withaferin A on EAT cell number and
ascites volume in vivo

EAT cells(5X10° cellganimal, i.p.) wereinjected 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 + SEE.M.
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Withaferin A inhibits angiogenesis in vivo
Sprouting of new blood vesselsisevident
intheinner peritoneal lining of EAT bearing mice.
The peritoneal lining of EAT bearing animalsand
withaferin A treated mice was inspected for the
effect on tumor-induced peritoneal
neovascularization. EAT bearing micetreated with
withaferin A showed decreased peritoneal
angiogenesis when compared to the extent of
peritoneal angiogenesisin 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 sectionswere characterized
by apronounced decreasein micro vessel density
and the caliber of detectable vascular channels.
Whiletumor bearing peritoneum sections showed
17 £ 1.2 blood vessels, withaferin A treated
peritoneum showed 6.8 + 1.3 blood vessels (Fig.
4B).

Normal

EAT bearing EAT bearing +Withaferin A

; M " i “I o= g s
Withaferin A inhibits angiogenesis and
microvessel density

A) Inhibition of peritoneal angiogeness.

EAT bearing mice were treated with and without
withaferin A for four doses (7mg/kg/animal). Themice
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 5im sections were taken using microtome. The
sections were stained with hematoxyline and eosine
and observed for microvessel density. Arrowsindicate
the microvessels.

B 7 L

Fig. 4

Prasannaet al



Current Trends in Biotechnology and Pharmacy
Vol. 3 (2) 138-148, April 2009. I1SSN 0973-8916

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 isdueto 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. Itisevidentin Fig. 5that withaferin A
inhibits production of VEGFin EAT cells. INEAT
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.
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Fig. 5. Effect of withaferin A onin vivo production
and expression of VEGF

EAT bearing micewereinjected withwithaferin A (7Tmg/
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, . antibodies. Animals bearing EAT cells not
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treated with withaferin A was used as control.

Withaferin A inhibits Spl DNA binding
activity in EAT cells

To verify for the involvement of
transcription factor Spl in withaferin A induced
inhibition of VEGF gene expression, an
electrophoretic mobility shift assay was
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performed. The results indicated that withaferin
A inhibits binding of Spl transcription factor to
the proximal promoter region of the VEGF gene.
In contrast, there was prominent band showing
thebinding of Sp1 tothe proximal promoter region
(Fig. 6) when nuclear extract from tumor bearing
mice was used.

oo+t +  +  +  + 4 Labeled oligos

Nuclear extract
Withaferin A NE
30 60 120 240 480 min

+ + o+ o+ 4

€ Free probe

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 Spl
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.) Dunal 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

Spl transcription factor



Current Trends in Biotechnology and Pharmacy
Vol. 3 (2) 138-148, April 2009. ISSN 0973-8916

principle from Withania somnifera. A recent
study demonstrated that the anti-angiogenic effect
of withaferin A was due to the inhibition of
endothelia 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 endothelia cell- tubeformation
which is one of the hallmarks of angiogenesis
indicating that withaferin A inhibitsendothelia cell
proliferation. Thismay be dueto theinduction of
HUVECs apoptosis by withaferin A (4). Further,
in Ehrlich ascitestumor bearing mice and a so by
using severa 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 VEGFin CAM assay indicating that withaferin
A targets both tumor and endothelia cell to exert
itsanti proliferative and antiangiogenic activities.

Increased VEGF expression is closely
associated with anincreasein 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 theimportance of VEGF in malignant
ascites formation (33-35). Our results indicated
that there was decrease in the VEGF secretion
inwithaferinA trested animals. Inhibition of VEGF
secretion could be due to inhibition of activity of
transcription factors NF-éB, AP-1 or Spl which
are involved in the regulation of VEGF gene
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expression. Withaferin A is already reported asa
potent inhibitor of NF-€B and AP-1 DNA binding
activity (4, 36, 37).

Recent studies indicated that Spl
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 Spl-binding sites
wererequired for theinhibition of VEGF promoter
activity. Inthis study, we found that withaferin A
treatment reduced Spl DNA binding activity to
the proximal promoter region of VEGF geneina
time dependent manner. It was shown recently
that celecoxib inhibits VEGF expression and
reduces angiogenesis and metastasis of human
pancreatic cancer via suppression of Spl (38).
Spl suppression was closely correlated with
reduced VEGF level. Withaferin A has been
reported as potent inhibitor of PKC and TNF
dependent 1€B kinase 3, which subsequently
blocks NF-€B nuclear trand ocation (3, 37). PKC
isoformsareasoinvolvedintheactivation of Spl,
NF-éB and AP-1 in B16F1 murine melanoma
cells (39, 40).

In summary, our experiments have
shown that inhibition of V EGF secretion and tumor
microvessel formation is one of the potential
mechanisms by which withaferin A suppresses
the growth of Ehrlich ascitestumor. Additionally,
the suppression of VEGF secretion appears to
be as a consequence of altered Spl
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 Spl in tumor biology and the biological
basis for the development of new Spl-targeting
agents for cancer treatment.
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Abstract

In pursuit of better HIV-1 protease
inhibitory agents, QSAR studieswere performed
on a series of (4-hydroxy-6-phenyl-2-oxo-2h-
pyran-3-yl) thiomethanesusing WIN CAChe6.1.
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
(g?) = 0.743. The developed best QSAR model
indicates that the hydrophobicity and ionization
potential play an important role in the HIV-1
proteaseinhibitory activities.

Keywords. QSAR; HIV-1 protease inhibitory
activity; multiplelinear regressions;

thiomethane.

Introduction

HIV- 1 (Human Immunodeficiency Virus
Type-1) isthe pathogenic retrovirusand 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
individua proteins namely, reversetranscriptase,
protease, integrase, etc. Before these enzymes
become functional, they must be cut from the
longer polypeptidechain.

Acquired immune deficiency syndrome
(AIDS) is a formidable pandemic that is still
wreaking havoc world wide. The catastrophic
potential of this viraly caused disease may not
have been fully realized. The causative moiety of
the disease is human immunodeficiency virus
(HIV), whichisaretrovirusof thelentivirusfamily
(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 enzymesand proteins
necessary for its survival. The viral particles at
this stage are called virions. The virus particles
after the protease action have al the necessary
congtituents of mature virus and are capable of
invading other T4 cellsand repeating thelifecycle
of proviral DNA from vira 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 devel oped
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 a. has developed
a few QSAR models for anti-HIV activities of
different group of compounds (9,10). The present
group of authors hasdevel oped afew 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
explorethe correl ation between physicochemical
and biological activity of thiomethane derivatives
using modeling software WIN CAChe 6.1
(molecular modeling software, aproduct 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_ values
between 0.058 UM and 7.82 uUM. There is high
structural diversity and a sufficient range of the
biological activity in the selected series of
thiomethane derivatives. It insstsasto 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_ = -
log,, IC,,. Where IC,, 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 groupsat aparticular
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 guidefurther structural optimization and predict
the potency and physiochemical properties of
clinica drug candidates.
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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 isa
product of Fujitsu private limited, Japan. The
energy minimization was done by geometry
optimization of moleculesusing MM2 (Molecular
Mechanics) followed by semi empirical PM3
method availablein MOPAC moduleuntil theroot
mean square gradient value becomes smaller than
0.001 kcal/mol A. 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 lessinter-correlation and
maximum correlation with activity. This was
followed by multiplelinear regression analysisto
achieve best model.

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

N
®=1- PRESS / 2y, -y,)?
i=1

N

PRESS = 2 (ypred,i - yi)2
i=1

Where y, is the activity for training set
compounds, y _ is the mean observed value,
corresponding to the mean of the valuesfor each
cross-validation group, and y,, ;. is the predicted
activity for y. 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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Table1: Structure, selected parametersand their HIV-1 proteaseinhibitory activity of
thiomethaneana ogues

C;‘Ep R R! logp TP (pif;)‘i, iii: IXES
(LOO)
I CeHs CeHs 41129027 0108 0293 0321
2 CeHs 2-naphthyl >.114 8815 0893  -0767 -0.618
3 CeHs cyclohexyl 4234 865 0387 -0206 0.008
4 CeHs isobutyl 3.873 8804 0387 0253 0202
5 CeHs isopentyl 4269 9010 0400 0145 0.09%4
6 2-naphthyl CeHs >.114 8890 0389 0689 -
7 CH.CH; CeHs 4206 8852 0319 0029 -0.019
8 CH,CH; isobutyl 3.968  9.101 0585 0493 0473
9 CH.CHs  CHyisopropyl 3464 9097 1076 0908 0875
10 cyclohexyl CeHs 40159065 0319 0415 -
11 cyclohexyl isobutyl 3776 9075 0495 0625 0642
12 cyclohexyl  CH-cyclopropyl 3272 9071 0833 1.039  1.097
13 cyclohexyl  CHycyclopropyl 4065 9077 0267 0387 0412
14 cyclopentyl cyclopentyl 3.345 9060 0648 0967  1.041
15  cyclopentyl isobutyl 3380 9042 1237 0918  0.849
16 cyclopentyl CHycyclopropyl ~ 2876 9067 1161 1364 -

Prediction of HIV-1 Protease Inhibitory Activity
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(CI0), First-order connectivity index (Cl1),
Second-order connectivity index (Cl2), 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), eectron affinity (EA), octanol-water partition
coefficient(logP), molar refractivity(MR), shape
index order 1 (SI1), shape index order 2 (S12),
shape index order 3 (SI3), Zero-order valance
connectivity index (VCIQ), First-order valance
connectivity index (V Cl1), Second-order valance
connectivity index (VCI2). (Physicochemical
parameters data will be provided on request).

Results and Discussion

The QSAR studies of the thiomethane
seriesresulted 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,, = 4.336 (£ 0.596) - 1.004 (+ 0.151) logP

1)
n=13, R=0.895, R?=0.802, R? = 0783, SEE =
0.264, F=44.42, P<0.001, ¢?= 0.726,
Soess = 0.309, SDEP = 0.297.

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

pIC,, = -5.993 (+ 4.613) - 0.831 (+ 0.165) logP +
1.075 (+ 0.581) IP 2
n=13, R=0.923, R?=0.852, R? , = 0.823, SEE =
0.238, F = 28.80, P < 0.001, ¢?= 0.743,

Specs = 0.299, SDEP = 0.287.

When we considered three parameters
for developing model, there was no significant
improvement in R? and ¢?. EQ. 2 was selected as
the best model on the basis of high ¢? values and
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R? 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
proteaseinhibitory activity valuesby Eq.2 aregiven
in tablel. This model showed good correlation
coefficient (R) of 0.923 between descriptors[logP
and IP] and HIV-1 protease inhibitory activity.
This model aso indicates statistical significance
>99.9% with Fvalue F,, ,, =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
I’ veq Method. According to Tropsha et al., the
proposed QSAR model ispredictiveasit satisfies
the conditionsr?, . >05and R?, > 0.6 (.,
=0.885, R?, = 0.991) (22). The robustness of
thismodel was checked by Y —+andomization test.
The low R?and g? values indicate that the good
results in our original model are not due to a
chance correlation or structural dependency of
the training set.

0.6
0.4
0.2

Residual value

456 7 8 91011

-0.2

-0.6

Compound number

The QSAR shows a linear relationship
of HIV-1 proteaseinhibitory activity with thelogP.
Itsnegative signindicatesthat highly hydrophobic
groups are not good for improving the activity of
the series. The positive coefficient of |P showed
that the presence of electron donating groups is
favor for activity. Thus we conclude that the
biological activity will beincreased if substituents
that bring about changes in the molecule as
mentioned above are attached to it.
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Abstract

UV-spectra of antifungal-active
Streptomyces isolates were compared to
previously reported spectra and analyzed under
different extraction conditions. MU123
Sreptomycesisolate from Turkey exhibited aUV
spectrum similar to 23, isolate from Jordan with 2
maximum absorbance peaks at (226 and 260 nm)
and at (220 and 260 nm), respectively. This
spectrum wasrepeated by the C5P1-6 isolate from
Jordan with 2 maximum absorbance peaksat 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 (Sreptomyces sp. 96.0333) that
exhibited 2 absorbance peaks at 220-225 and 262
nm. When C1P2-6 isolate from Jordan was
comparedto 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 i solates exhibit similar UV-spectrawhich
might reflect their habitats, culture and UV
analysis conditions. Comparison of UV-spectra
and absorption peaks of known antibioticsto that
of active Sreptomyces isolates might explain the
ability of the same Sreptomyces sp. to produce
several antibiotics.

I ntroduction

Members of the order Actinomycetales
arethe most abundant soil microorganismsunder
awide variety of conditions. They include many
species that are characterized by the production
of extracellular important bioactive compounds.
Magjority of those strains bel ong to specieswithin
the genus Sreptomyces which produce two—
thirds of the naturally occurring antibioticsworld
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 metabolitesused inindustry,
pharmacy, including: antihelminthic, antitumor,
antifungal agents (3, 4, 23). Several studies on
theisolation, characterization and genotyping of
soil streptomycetes of Jordan have already been
conducted (11, 13, 14, 15). Other studies showed
the ability of different streptomycetesisolatesto
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 amaximum absorptioninthe UV region
at 210-260 nm (16). In another study,
Sreptomyces 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

Comparison of UV spectrum analysis of active streptomycetes
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extractsof clinical isolates of actinomyceteswith
indication of similarities in the maximum
absorbance peaks (8). Similarly, astudy by Iliseet
al. (7) on 20 different Sreptomyces isolatesfrom
the soilsof Southeastern Serbiaindicated 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 Sreptomyces isolates with each other
as well as with other reported isolates obtained
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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 Sreptomyces 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-spectraof different Sreptomycesisolatesrecovered from different habitatsand

analyzed by different UV spectroscopic instruments.

Isolate Antibiosis Figure| Reference | Maximum Culture Broth| UV-
Absorbance Extracted in | §pectrophotometer
(nm
ID* | Fungus® Peak | Peak
1 2
235 la 17 223 250 n-butanol | DSM-100
16-20| C. albicans 18
25-30| T. harasmii
As. flavus
MUI123 11-20| C. albicans| 1b 22 226 260 n-butanol | Shimadzu 1601
23 lc This study | 220 260 n-butanol | Jenway/UK
16-20| C. albicans 17
T. harasmii 22
25-30| 4s. flavus
C5P1-6 ND° | ND 1d This study | 225-250 300 n-butanol | Unicam
No. 22 ND | C. albicans| - 9 229 260 n-butanol | DSM-100
Al 35-40| C. albicans| 2a 17 236 262 n-butanol | DSM-100
S. violaceusniger | 10 C. albicans| 2b 16 231 258 n-butanol | Shimadzu
Sp. 96.0333 2c 8 220-225 262 Ethyl acetate | Kontron
4?'5 2 g “”’i‘f”"; Instruments
| § opiats Uvikon 932
30 Tr. rubrum
Al 35-40| C. albicans| 2d This study | 240 278 n-butanol | Jenway/UK
C1P2-6 ND | ND 3a This study | 200-225 275-30( n-butanol | Unicam
Ir 102 3b This study | 200-225 275-30( n-butanol | Unicam
>20 | Al solani 1
Al. alternate
S. hygroscopicus | >31 | C. albicans| - 7 217 221 methanol | -

3D: Inhibition zone diameter in mm asdetermined by agar disc diffusion method. *C: Candida; T: Trichoderma;
Tr : Trichophyton rubrum ; Al: Alternaria; As: Aspergillus °ND: Not determined

Saadoun et al



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

UV-Spectra of bioactive fermented
Streptomyces broths

UV-spectra of different streptomycetes
isolates obtained from previous studies (16, 17)
and those obtained from Dr. Shahidi (Bahonar
University of Kerman, Kerman-Iran) or from this
study were compared for general pattern,
maximum absorbance peaks and range of wave
length. Streptomycetes isolates were grown in
submerged culture in 250 ml flasks containing 50
ml liquid medium (per 1/1, beef extract 3.0 g;
peptone 5.0 g; glucose 2.0 g; pH 7.5). Flasks were
inoculated with 1 ml of Streptomyces spores
suspension (107 CFU/ml) and incubated at 28 °C
for 7 days with shaking at 100 rpm. Control flasks
were not inoculated with the Streptomyces spores

3
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<
200 300 a0
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and were treated as above. After growth, the
content of each flask was centrifuged at 2000 g/
10 min. Approximately 20 ml of each of the
centrifuged fermentation broth was extracted with
15 ml of n-butanol after which absorption spectra
in UV region (200-450 nm) were determined
using a Jenway or Unicam UV-visible
spectrophotometer. The organic solvent for
extraction of the culture broth and UV
spectrophotometer used in different studies are
mentioned in Table (1).

Results and Discussion

This work introduces the inference of
strains and antibiotics from the UV spectra of
fermented cultural extract of bioactive

MuU123
o 14
g
]
§
IJ T
200 300 400
Wave length (nm)
b

Wave Length (nm)

d

Fig. 1: UV spectra for the active fermentation broth of isolates of 237 (a, Saadoun and Al-Momani, 2000); MU123 (b,
Sahin and Ugur, 2003); 237 (c, this study) and C5P1-6 (d, this study).
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Sreptomyces. Severa investigators determined
the UV spectra for the active fermented broths
of different Sreptomyces 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
Sreptomyces isolates that were obtained from
the soilsof Muglaprovince/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,
from Jordan (16) (Fig. 1a) with 2 maximum
absorbance peaks at 226 and 260 nm (Table 1).
The isolate 23, 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, isolate were at 223 and
250 nm (Tablel). Thisdifferencein 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, isolate was repeated by using Jenway/
UK UV-visible spectrophotometer (Table 1, Fig.
1c). Datareveaed a UV-spectrum similar to what
was reported for the isolate 23, (17) (Fig. 14)
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
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of yeast dextrose broth culture of Sreptomyces
violaceusniger showed 2 maximum absorbance
peaks at 231 and 258 nm (Table 1, Fig. 2b). This
Sreptomyces 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 Sreptomyces
isolates against C. albicans. They showed
absorbance peaks ranging between 230 and 300
nmand with theisolate A1 exhibiting similar UV-
spectra and 2 absorbance peaks at 236 and 262
nm (Table 1, Fig. 28). A1 was among theisolates
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 Sreptomyces sp. 96.0333 exhibiting
antifungal activity of >30 mm againgt al thetested
fungi (Table 1) and a UV spectrum (Fig. 2¢) as
the onereported 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
Al 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 peaksat 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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Fig. 2: UV spectra for the active fermentation broth of isolates of A1 (a, Saadoun and Al-Momani, 2000); Streptomyces
violaceusniger (b, Saadoun et al., 1999) and Streptomyces sp. 96.0333 (c, Lemriss ef al., 2003) and A1 (d, this study).

saturation of the detector during the
measurements.

Results obtained from several
investigations revealed that the UV-spectrum
activity ranged between 200 and 300 nm. The
C5P1-6 isolate of this study showed similar
spectrum (Fig. 1d) to isolate 23, (Fig Ic) that

7+

=== Control Broth
- C1P2§

Absorbance

%0 % 40

Wave Length (nm)

was obtained from soils of North Jordan. Similar
UV-spectra and absorbance peaks were shown
in studies by Msameh (9) and Saadoun and Al-
Momani (17) and those exhibited by S.
violaceusniger recovered from an aquatic
habitat in Alabama-USA (13). The similarity
between the Jordanian isolates might be

== Control Broth
-

Absorbance

Wave Length (nm)

Figure 3: UV spectra for the active fermentation broth of isolates of C1P2-6 (a, This study); Ir 102 (b, This study).
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explained by the susceptibility of the tested C.
albicans pathogento similar bioactive compounds
produced by the Sreptomyces 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 evidencestoidentify anantibiotic, smilarities
in the UV spectramight 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 samemicrobial
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 antibioticsrespectively (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 Sreptomyces isolate
Al (17).

Although the active Sreptomyces strains
reflect different ecological habitats, culture, and
UV analysisconditions, screened i sol ates showed
similar UV-spectra. Similaritiesinthegeneral UV
spectra and/or absorbance peaks could explain
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the ability of the various tested and reported
Sreptomyces 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 apetroleum station having undergone gasoline
and diesdl ail spills. Theresultsof 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 arotary shaker at 200 rpm and a
temperature of 30xl1 °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 ail.

Introduction

Surfactants are an important class of
chemical compounds widely used in different
industries, acting as dispersantsand/or solubilizers
of organic compounds. The vast majority of
commercially employed surfactants are
synthesized from petroleum derivatives(1). Inthe
past few decades, however, the interest in
surfactants of a microbial origin has increased
sgnificantly, aboveall, dueto their biodegradability
(2,34).

Compounds of a microbia origin that exhibit
surfactant properties (reduction of surfacetension
and/or high emulsifying capacity) are denominated
biosurfactants and are metabolic byproducts of
bacteria and fungi (5). Glycolipids are the best
known microbia 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 o-
hydroxydecanoic acid molecules (6).

Surfactants produced microbiologically
offer anumber of advantages over their chemical
equivalents, such as low toxicity, tolerance to
temperature, pH and ionic strength aswell asthe
possibility of being produced from renewable
substrates (7,8,9). Biosurfactants can be applied
infieldssuch asagriculturefor 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
(20).

Despitetheir advantages, biosurfactantsare
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 environmenta 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 factoria experimental design.

Materials and Methods
Microrganism

P. aeruginosa ATCC 10145 was kindly
donated by Dr. Ivano de Fillipisfrom the Instituto
Nacional de Controle de Qualidade em Salide
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(INCQSFIOCRUZ) — Rio de Janeiro, Brazil. P.
aeruginosa was isolated from the soil of a
petroleum station having undergone gasoline and
diesd ail spillslocated in the city of Uberlandia,
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

Themedium proposed by Vecchioli (16),
added with 0.5% (v/v) of soybean ail fry waste
as the sole carbon source, was used for the
bacterial cultures using the pour-plate technique.
Among theisolated 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,NO, (1.7),
Na,HPO4 (7.0), KH,PO, (3.0), MgSO,.7H,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), residua brewery yeast
(9/L between 0 and 10), NH,SO, (g/L between 1
and 13). The residua brewery yeast, consisting
of 100% inactivated, dried cells of
Saccharomyces cerevisiae was provided by a
local brewery. The product composition was8.0%
moisture, 40.0% protein, 3.0% fibrous matter,
8.0% mineral matter and aflatoxin (50 ppb). All
mediawere 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 cultureto 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 hourson a
rotary shaker at 170 rpm. Sampleswere collected
a defined timeintervalsand submitted to anaysis.

164

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). Toinvestigate the effects
of soybean ail fry waste (WFSO), ammonium
sulfate (AS) and residua brewery yeast (RBY)
on the selected dependent variables (rhamnose
synthesis, emulsification index and surface
tension), acompletefactorial experimental design
(CFED) was used on two levels (18). Statistical
calculations were performed using the Statistic
5.1 software program (State Ease Inc.,

Table 1. Real valuesof variablesused in completefactoria experimental design

Independents Rangeandlevels

Vaiables -1 +1
WFSO (g/L) X, 5 15

SA (g/L) X, 1 13

RBY (g/L) X, 0 10
Microorganism X, P. aeruginosa ATCC 10145 | P. aeruginosa
isolated

Minneapolis, MN, USA). Using the CFED
method, atotal of 16 experimentswere 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 pm 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
(El) was determined according to Cooper and
Goldenberg (20). Cell-free culture samples and
kerosene (at aratio of 4.6) werevigorousy mixed
for 2 min using avortex (Phoenix, Brazil, model
AP-56) and left undisturbed for 24 h at room
temperature. El 24 isthe percentage of the height
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of the emulsified layer (cm) relative to the total
height of theliquid column, determined at the 24-
htime point.

The rhamnose concentration was
determined according to the methodology
described by Rahman et al. (21).
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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. Resultsof rhamnose production (RM), El (E24) and ST obtained in the Experi-
mentswith P. aeruginosa ATCC 10145 and isolated P. aeruginosa UFU

Experiments WEFSO SA RBY Microor ganism RM Ez4* 5T

(g/'l) (@L) (g/L) (gL (%)  (mNfm)
1 5 1 0 ATCC 10145 0.56+002 60+0.0 38.5£05
2 5 1 0 Isolated 0792002 7100 36.5£05
3 5 1 10 ATCC 10145 0732001 71220 36.5%05
4 5 1 10 Isolated 0.98+003 7530 34.0+1.0
5 5 13 0 ATCC 10145 0.25£002 4020 41.0£00
é 5 13 0 Isolated 0.36£001 4210 40510
7 5 13 10 ATCC 10145 041004 4120 40.5£1.0
8 5 13 10 Isolated 0.59+001 60+1.0 39.5%0.0
9 15 1 0 ATCC 10145 143001 96+£1.0 32500
10 15 1 0 Isolated 1.8%+£0.03 100£0.0 30.5¢1.0
11 15 1 10 ATCC 10i45 1.96x004 96x00 32.5200
12 15 1 10 Isolated 2.81x003 100£0.0 30.0x0.0
13 15 13 0 ATCC 10145 0.82£002 67+1.0 35505
14 15 13 0 Isolated 0.91£003 6720 35505
15 15 13 10 ATCC 10145 1.07+003 &1x20 33.5z10
16 15 13 10 Isolated 1.15£005 85+1.0 33.0+1.0

El? 24 emulsification index measured after 24-h incubation in kerosene

Inicial ST do meio de producdo was61mN/m

Table2 displaysthe 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 aminimal concentration of AS,
obtaining the highest production of rhamnose and

emulsificationindex aswell asthelowest 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
duetoits capacity to produce 2.7 g/l of rhamnose
from FSOW. Previous studiesfound that thisstrain
produced only 6.4 g/l of rhamnose through
cultivation in olive oil waste (23). DeLimaet a.
(24) obtained a fina 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). Inastudy carried out with vegetable
oils (olive, soybean and sunflower) at a
concentration of 20 g/L, Andréset 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 completekerosenein water emulsionsproved
stable for 24 hours. This analysis is a practical
measurement of biosurfactant use, asit givesthe
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
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regarding soybean oil waste in fermented media
as well as a greater potential for producing
biosurfactant.

Satistical analysis of the data

From the CFED, the operational conditionsof the
WFSO (X,), AS (X,), RBY (X,) and P.
aeruginosa strains (X,) were determined. As X,
is a qualitative variable and the equation of the
empirical model must be in function of the
guantitative variables, it was necessary to perform
a correction of the adjusted equation, replacing
the X, variation with either =1 or 1 in order to
maximize the response. Thus, the adjusted
empirica modd for rhamnose synthesiscontaining
only significant parameters (p=0.05; Student’s t
test) isrepresented by Equation 1. Table 3 displays
the parametersand significancelevelsof themodel
variables.

RM = 1.185 + 0.48X, — 0.33X,+ 0.187X, -
0.187X X, )

The results show that X, and X, 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, variable
and the X X,, 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).
Table3. Resultsof theregressionfor rhamnose

synthesis

Codified Parameter T Sudant  Probability
Factor

Constant 1.0250 22.2485 0.0000

X, 0.4800 10.4188 0.0004

X, -0.3300 -7.1629 0.0020

X, 0.1875 4.0698 0.0152
X, 0.1600 34729 0.0255
XX, -0.1875 -4.0698 0.0152

R?2=0.9832; Adjusted R?=0.9414; R=0.9916
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The goodness-of-fit of the model was
checked by determining the coefficient (R?) and
the multiple correlation coefficient (R). The R?
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 variablesand only 1.68% of thetotal
variation cannot be explained by the model. The
value of the adjusted determination coefficient
(adjusted R? = 0.9414) for Equation (1) is aso
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
inFigurel, asall pointscluster around the diagona
line, meaning that no significant violations of the
model were found.

3.0

25

Ll
(=3

Predicted Values
n

1.0

1.0
Experimental Values

15 20 25 30

Fig 1. Predicted vs. experimental values plotted

for rhamnose

The 3D response surface (Fig. 2)
representsthe 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 surfacein Figure 2 reveals
that an increase in FSOW concentration and a
decrease in AS concentration cause an increase
in rhamnose synthesis.
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Fig 2. Response surface for rhamnose in relation to
WFSO and AS.

Kinetics of rhamnose production by isolated
P. aeruginosa UFU and P. aeruginosaAT CC 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)
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Fig. 3. Kinetics of growth (]), rhamnose (0),
pH @) and surfacetension (?): (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.

Therewasintense 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, theisol ated
strain aachieved rhamnose synthesislevel of 2.81
g/L, while the ATCC 10145 reached 1.96 g/L of
rhamnoseat 54 h. In previoudly published studies,
Guerra-Santos et a. (28), Haba et a. (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.

AsFigure 3 shows, biosurfactant production
initialy followsan exponential growth phase, but
when microbia growth ceases and a stationary
phaseisachieved, rhamnose synthesis continues,
which suggestsbiotensoactive production partially
associated with microbial growth. These
observations were also described by Mayer et
al. (30), Benincasaet d. (31) and Yu-Hong et a.
(32). Perhapsthe 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 cellsto 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 atendency
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 triglyceridesin the substrates
used (35) aswell as the activity of the microbial
lipase on these substrates (36).
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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,
theemulsification index and surfacetension. 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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Abstract

In this study o-amylase activity
expression in Humicola lanuginosa was
evaluated under different environmental
conditions using solid state fermentation (SSF)
on different agricultural byproducts. The solid
supportsfor a-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 &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 o -
amylase have been studied, and accordingly
optimum conditions have been determined. It has
been found that the &amylase production is the
highest at 144 hr incubation period, 50°C
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, o—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 thetraditionally employed
submerged fermentation (SmF) are higher yields
inashorter time period, better oxygen circulation,
resemblance to natural habitats for filamentous
fungi, less effectsin 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). a-amylases
can bederived from plants, animalsand microbes
but its production from microbial sourcesare cost
effective and fulfill the industrial demands. The
large number of o- amylases are available
commercialy and they have amost completely
replaced chemical hydrolysis of starch (13).
Amylasesareuseful in abroad range of industrial
applications which include food, fermentation,
textile and paper industries.

Fungal o-amylases are produced by
different fermentation techniques. Production of
these a-amylases has been investigated through
submerged fermentation (SmF) and solid state
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fermentation (SSF) (14). The major factors that
affect microbia production of &-amylase in a
solid state fermentation (SSF) system include
selection of a suitable substrate and
microorganism, particle size of the substrate,
inoculum concentration and moisturelevel of the
substrate. Out of these, the selection of suitable
solid substrate is a critical factor (6,15). The
production of o-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
substratesto reducethe cost. Inthisregard, agro-
industrial residues are generaly 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). Thusthe use of solid
state fermentation (SSF) for o-amylase
production has many advantages over
submerged fermentation (SmF) duetoitssimple
techniques, low capital investment, lower levels
of catabolite repression and better product
recovery (5).
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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 a-
amylases (30). The thermophilic fungus H.
lanuginosa is selected for the production of
thermostable & amylase in the present study.

The purpose of the present study is to
investigate the production of a-amylase under solid
state fermentation (SSF) process conditions. Inthis
paper the influence of pH, temperature, initial
moisture content, inoculation size and incubation
time on a-amylase production by H. lanuginosa
through SSF using four agriculture byproductsviz.
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

Table1: Amylase produced by SSF technique (19-29)

Support Microor ganism Amylase Reference
Starch waste Bacillus megatarium - amylase (19
Wheat bran Pycnoporus sanguineus o- amylase (20)
Sorghum Starch Trichoderma sp. o- amylase (21)
Wheat bran A. niger Glucoamylase (22)
Wheat bran Bacillus amyloliquefaciens o- amylase (23)
Polyurethane foam | A. oryzae o- amylase (24)
Cornfloor Saccnaromycopsis capsrasis | o- amylase (25)
Rice bran A. niger o- amylase (26)
Wheat bran A. niger Glucoamylase (27)
Urethane foam A. oryzae Glucoamylase (28)
Wheat bran Rhizopus sp. Glucoamylase (29)

Ravi etal



Current Trends in Biotechnology and Pharmacy
Vol. 3 (2) 172-180, April 2009. ISSN 0973-8916

100 g/l of NaCl, purified on the same medium
and maintained on 1% malt extract agar dant at
4 °C.

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 (75-80°C) for 20 minutes
followed by oven drying at 45°C. The dried
material was grinded in a mixer grinder (Remi)
then sterilized at 121°C, 15 psi pressure for 15
minutes and stored at 4 °C 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 of f withthe help of asterileneedle
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 morethan 10° spores. They
were cultured in a medium containing soluble
starch 5 g., yeast extract 2 g., KH,PO, 1 g.,
MgSO,. 7H,00.59., distilled water 1000 ml. The
medium was autoclaved (121°C 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°C and 120 rpm for 2-3 daysin the preliminary
experiments and only two daysin all subsegquent
experiments. All chemicals used were of reagent
grade.

Solid state fermentation
Four agriculture byproducts; wheat bran,
corncob leaf, rye straw, wheat straw was
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considered assubstrate. 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
flaskswere mixed thoroughly and sterilized inthe
autoclave at 121 °C temperature and 1
atmospheric pressure for 20 min and then cooled
at room temperature. Each flask was incubated
with oneml of inoculum and subsequently rotated
in arotary incubator shaker at 50 °C.

Optimization of process parameters

Various process parameters affecting &
amylase production in solid state fermentation
(SSF) areoptimized. The strategy wasto optimize
each parameter independently and subsequently
optimum conditions were employed in each
experimental run. The best solid substrate was
selected for optimum production of &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), incubationtime (24, 48, 72,
96, 120, 144, 168, 192 h), incubation temperature
(30, 40, 50, 60, 70, 80°C), initid pH (4,5, 6, 7, 8),
and supplementary carbon sources (soluble
starch, sucrose, maltose, glucose). On the basis
of experimental datawheat bran was found to be
the best solid substrate in solid state fermentation
(SSF) process (detailsare 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, itis
necessary to dry these solid substrates. Therefore,
in the present study the amount of wet solid
substrate was kept in the oven at 70 °C for 24 h
to remove the moisture from the solid substrate.
After drying, the mass of solid substrate was
measured.

Production of &amylase
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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 °C on a
rotary shaker at 200 rpm. Thedurry was squeezed
by mudlin cloths. The extract was filtered with a
Whatman No. 1 filter paper and the filtrate was
used as a crude a-amylase.

Enzyme assay

The a-amylase enzyme was assayed
accordingly to the method described by Miller (34).
The reaction mixture contained 200 ul soluble
starch in phosphate buffer (0.1M, pH = 6); 200
of diluted enzyme and 300 ul phosphate buffer.
The reaction was incubated for 15 minutes at 30
9C, 300 ul dinitrosalicylic acid (DNS) solution
were added and boiled for 15 minutes. Before
cooling 100 pl Rochelle salt (40 % sodium
potassium tartarate) was added and colour was
measured at 575 nm. One unit of 4-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 °C 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.
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Result and Discussion
Screening of agriculture byproducts as
substrates for SSF

Theselection of asuitable solid substrate
insolid state fermentation (SSF) isacritical factor.
In this study, four solid substrates are taken for
growth and enzyme fermentation by the selected
culture. Inliteraturedifferent solid substrateswere
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 °C 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) isobtained in presence
of wheat bran aone. The activity decreases in
order of wheat bran (WB)> wheat straw (WS)>
rye straw (RS)> corncob leaf (CL). In previous
studies aso (36,37) wheat bran was found to be
best substrate for glucoamylase production by an

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

267

102
68
g .

Wheat bran Corncod |eaf rye straw Wheat straw

Fig. 1. Effect of solid substrates on &amylase activity
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Fig. 2. Effect of initial pH of medium on &amylase
activity
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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 &amylase.

Effect of initial pH of the medium on &-
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 iscarried out by adding acid or base buffer
asper requirement. Thetrendin Figure.2 indicates
that amylase activity first increaseson 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 d. (23).

Influence of incubation temperature on a-
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 °C. The
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Fig.3. Effect of incubation temperature on &amylase
activity
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maxi mum amylase production (266 U/g) hasbeen
observed at 50 °C. 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 &-amylase
The maximum amylase activity (288 U/
0) hasbeen attained at theinitial moisture content
level of 90% (Fig.4). The critical importance of
moisture level in SSF media and its influence on
the biosynthesis and sel ection of enzymes can be

350

Amylaseactivity (U/g)
—_ — [3%3 [ %] (]
< N < N fa)
< < fen) fen) fan)

wn
[

<

0 20 40 60 80 100 120
Moisture content (%)

Fig.4. Effectof initial moisture content of themedium
on &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 thewheat bran, resulting inlimited
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 &-amylase
activity

Theinoculum level isanimportant factor
for the production of & amylase. Higher inoculum
concentration increases the moisture content to
asignificant extent. Thefreeexcessliquid present
in an unabsorbed form, therefore, givesriseto 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 resultsina
lower number of cellsin the production medium.
Thisrequiresalonger timeto grow to an optimum
number to utilize the substrate and to form the
desired product (40). In the present study, the
maximum amylase activity wasfound at 20 % of
inoculum level. After thisinoculum concentration
no significant increasein enzyme activity hasbeen
found (Fig.5). This may be due to the limiting
nutrients at higher inoculum size.
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Fig. 5. Effect of inoculum size on &-amylase activity
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Fig. 6. Effect of incubation time on o-amylase activity

Effect of incubation time on a-amylase
activity

Figure.6 shows the variation in amylase
activity with incubation time at temperature 50
9C and pH 6.The trend indicates that the amylase
production increases with the increase in
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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 &-amylase activity

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

Amylase activity (U/g) on different additional suplementary
carbon source
400

330

300
230
200
150
100
30
0

Maltose

Starch Sucrose Glucose Control

Fig. 7. Effect of supplementary carbon sourceson &
amylase activity

The data corresponding to control in figure-7
indicatesthe 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

Theuse of solid state fermentation (SSF)
for production of a-amylase using Humicola
lanuginosa is an economical process and isvery
smpleto apply. All thesolid substrateswhest bran,
corncob leaf, wheat straw, rye straw can be used
for supported biosynthesisof o-amylaseusing 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 a-amylase from Humicola
lanuginosa by solid state fermentation. The
maximum productivity of a-amylase (356 U/g)
was achieved by utilizing wheat bran asthe solid
substrate with soluble starch as an additional
carbon source in 144 h at temperature 50 °C 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 &amylase by
solid state fermentation process at alarger scale.
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Abstract

CY P3A5 geneislocated on chromosome
70921.1 and is responsible for the metabolism of
over 50% of al clinically used drugs. 250 breast
cancer and same number of healthy age matched
controlswere 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
individualswith at least one CY P3A5* 1 dlelecan
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.
Therewas 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. CY P3A5*6 allele was not observed in
cases as well asin controls.

Keywords: Polymorphisms; Breast cancer;
Receptor status

Introduction

CYP3A enzymes are the most abundantly
expressed cytochrome P450 enzymesin liver and
are responsible for the metabolism of over 50%
of al clinically used drugs (1) Gellner et a (2)
had identified a 231-kb region on chromosome
7921.1 containing 3 CYP3A genes. CYP3A4,
CYP3A5and CYP3A7, aswell as 3 pseudogenes
and a novel CYP3A gene, which they termed
CYP3A43. Jounaidi et d (3), isolated the 5-prime
flanking region of CY P3A5 from agenomic clone
on chromosome 7. Promoter analysis determined
that CYP3A5 uses a CATAA box, rather than a
TATA box at positions-23to -28 and hasabasic
transcription element from -35 to -50.

Kuehl et al (4) stated that variation in the
CYP3A enzymes could influence circulating
steroid levelsand responsesto 50% of oxidatively
metabolised drugs. CY P3A activity was the sum
activity of thefamily of CYP3A genes, including
CY P3AS5, which was polymorphically expressed
at high levelsin aminority of Caucasians. Only
individuals with at least one CYP3A5*1 (wild
type) alele express large amounts of CY P3Ab.
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

CYP3A5*3 and CYP3A5*6 Polymorphisms and Breast Cancer
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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 interindividua and
interracial differencesin CY P3A-dependent drug
clearance and in responses to many medicines.
There are substantial interindividual differences
in CY P3A 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-Caucasiansindicated
that they are more likely to experience higher
clearance of drugs principally inactivated by
CYP3A solesslikely to experience dose-limiting
toxicities, and have different risks of diseasesthat
are associated with the CYP3A5 expressor
phenotype. Therelatively low levelsof metabolic
activity of CYP3A5 protein asobservedin Korean
popul ation 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, thefinding suggested that
the CYP3A5 polymorphism was not associated
withtherisk of myeloid leukemia(6). CY P3A5*6
was not found in Asian popul ation.

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 diagnosisand controlsincluded 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
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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 thework.

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 CY P3A5*3 and CYP3A5*6 by
PCR-RFLP (8). CYP3A5*3 polymorphism

Thispolymorphism 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
| 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 dlele. The heterozygoteisidentified
by the presencesof 121, 97, 34 & 24 bp fragments.
CYP3A5*6 polymorphism

PCR-RFLP was done for identification of
CY P3A5* 6 polymorphism using specific primers.
Theamplified product (268 bp) was digested with
1 unit of Ddel enzyme (New England biolabs) at
37°C 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 dlele.

Satistical analysis

Theresultswere analyzed using appropriate
statistical tests by SPSS Version 14. Odds ratio
was estimated to calculate the relative risk for

Surekhaet al
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each genotype to develop disease. Differences
in genotype frequency distribution between
disease and control groups was done using 2*2

x2 and (2 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 CY P3A4 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
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disequilibrium between CYP3A5 and CYP3A4
aleles (10). The proportion of CYP3A4* 1B and
CYP3A5*1 dleles 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 increasein 3A5* 1 allelefrequency
(Table1). Thestudy group showed deviationfrom
Hardy-Weinberg equilibrium but not controls
(+2=0.58) indicating selectiveforces 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 a (13) had reported that

Table 1. CY P3A5* 3 polymorphism with respect to breast cancer and epidemiological parameters

Parameters 1/1 13 3/3 Allele
Frequency
n % n % n % 1 3
Disease (249) 25 100 132 530 R 370 037 063
Controls(249) 28 112 103 414 118 474 032 068
Menopausal Status
Premenopausal (124) 10 8.1 72 581 42 339 037 063
Postmenopausal (125) 15 120 &0 480 50 400 036 064
Familial History
Familid (74) 2 2.7 32 432 40 541 024 076
Non-Familia (176) 2 11 70 398 104 591 021 079
BMI
<20(14) 2 143 11 786 1 7.1 054 046
20-26.4 (27) 5 185 14 516 8 296 044 056
26.4-30 (104) n 110 61 500 3R 310 040 0.60
>30 (45) 4 8.9 21 6.7 20 45 032 068
Occupation
Housewives (173) 2 12 66 382 105 607 020 0.80
Agriculture (27) 0 0 15 556 12 44 028 072
White-Collar Jobs (43) 2 4.7 17 395 24 558 024 0.76
Others (7) 0 0 4 571 3 429 021 0.79

CYP3A5*3 and CYP3A5*6 Polymorphisms and Breast Cancer
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functional polymorphisms, such as CYP3A5*3
could ater individua susceptibility tolung cancer.
The results of their study suggested that the
carriersof thisaleleareat lower risk of developing
advanced lung caner probably due to decreased
activation of procarcinogens present in thetobacco
smoke.

The CYP3A5*1 allele represent wild type
which hasfaster kinetics of metabolising various
drugs and environment carcinogens. In general,
when chemical compounds enter the body, the
phasel enzymeswill metabolizethese compounds
into procarcinogens and they are more active than
parent compounds. This indicates the possibility
that wild type alele with faster kinetics can form
more active procarcinogens leading to
development of breast cancer. The CYP3A5*3
alele 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 exposureto carcinogensduring
lifetime, which might predisposethem to develop
breast cancer especialy with CYP3A5*3 dlde
asit isinefficient to metabolize the carcinogenic
compounds. There was a dight 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 generaly stored in adipose tissue and may
form DNA adducts in individual s 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
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occupation of breast cancer was considered, the
frequency of homozygous (3/3) genotype was
increased in patientswho are housewives (60.7%)
and heterozygous (1/3) genotype was increased
in agricultural 1aborers (55.6%) which suggested
that the CYP3A5 dependent risk of developing
breast cancer depends on the type of exposure
to different environmental compounds aswell 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-
vidua swith positive hormonal receptor statusand
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 CY P3A5* 3 polymorphism
might not be a contributing factor in the progres-
sion of the disease (Table 2).

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

In conclusion our results suggested that
the CY P3A5* 3 polymorphism might influencethe
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

185

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

n % n % n % 1 3

Estrogen receptor

Positive (90) 7 7.8 45 50 38 422 033 0.67

Negative (97) 14 144 50 515 33 340 040 0.60

Progesterone receptor

Positive (87) 6 6.9 45 517 36 414 033 0.67

Negative (100) 15 15 50 50 35 3 040 0.60

HER2/neu

Positive (26) 0 0 7 269 19 731 013 087

Negative (27) 3 1.1 4 148 20 741 019 o081

Node Status

Positive (121) 1 0.8 52 426 69 566 022 0.78

Negative (74) 2 2.7 31 413 42 560 023 0.77

Stage

I (11) 0 0 7 636 4 364 032 0.68

11 (96) 8 8.3 50 521 38 40 034 0.66

1 (72) 7 97 4 569 24 333 038 062

IV (48) 8 167 21 438 19 400 039 o061

Table 3. Chi Square and Odds Ratios (OR) for CY P3A5* 3 polymorphism with respect to Breast

cancer, Epidemiological and Clinical parameters

*Significant Chi —Sguare value (P<0.05)

Parameters Chi Square P OR Cl 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 - -

CYP3A5*3 and CYP3A5*6 Polymorphisms and Breast Cancer
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Fig. 1: Electrophoretogram of Dde | digested
PCR product generated by amplification of
genomic DNA using CY P3A5*3 gene
specific primers.

Lane# 1: 100 bp DNA ladder

lane # 2: 3/3Genotype

lane# 3,: 1/3Genotype

lane#4: 1/1Genotype

Fig. 2: Electrophoretogram of Dde | digested
PCR product generated by amplification of
genomic DNA using CY P3A5*6 gene
specific primers.

Lane#1-4: 1/1

lane # 5: Uncut band

lane#6,: 100 bp DNA ladder
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Abstract

Monolithic matrix typetransdermal drug
delivery systems (TDDS) of atomoxetine
hydrochloride (A-HCI) were prepared by thefilm
casting on amercury substrate and characterized
by physicochemical characteristicslikethickness,
weight variation, drug content, flatness, folding
endurance and in vitro drug release studies, ex
Vvivo skin permeation studies. Eight formulations
(carrying Eudragit RL100 and Hydroxypropyl
methyl cellulose 15 cpsin 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 cpsinthe sameratiosin formulations
B-1, B-2, B-3, B-4 respectively) were prepared.
All formulations carried 20 mg of drug, A-HCI,
10% wi/w of propylene glycol as penetration
enhancer, 10% w/w of dibutyl phthalate as
plasticizer in ethanol. Theformulations 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 102 cm h?) and
B-4 (Kp = 3.20 X 102cm h) 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-HCI 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, propyleneglycol, Eudragit, HPMC.

Introduction

Delivery of drugs into systemic circulation
viaskin has generated alot 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
gastrointestina 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-HCI) 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.

Invitro and Ex vivo Evaluation
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A-HCI is well absorbed after oral
administration with peak plasma concentrations
in1to 2 hoursafter adose. Bioavailahility isabout
94% in poor metabolisers but only 63% in
extensive metabolisers. Atomoxetine is
metabolized primarily via the cytochrome P450
isoenzyme CY P2D6 to the active metabolite 4-
hydroxyatomoxetine; aminority of the population
are poor metabolisers and experience plasma
concentrations about 5 times those in extensive
metabolisers. The half life of atomoxetineisabout
5.2 hours in extensive and 21.6 in poor
metabolisers(9). A-HCI duetoitslow therapeutic
dose (10-100 mg) and substantial
biotransformation in liver becomes it ideal
candidate for design and development of
transdermal therapeutic system. A-HCI in
transdermal formulations provides sustained blood
levels over aprolonged period, which isrequired
for control of ADHD.

In spite of several advantages offered by
transdermal route, only afew 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, el ectroporation, sonophoresis, and
microneedles) and use of chemical penetration
enhancers (PE) such as solvents, surfactants,
fatty acids, and terpenes.

Propyleneglycoal (PG) isthemost 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 changeseither
inlipid acryl chains (17) or protein domains (18)
or by partia lipid extractions (19).

189

The objective of thisstudy wasto formulate
transdermal patches of A-HCl and to evaluate
the effect of PG in drug release.

Materials and Methods
M aterials

Atomoxetine HCI, 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 variousformulationsis
givenin Table 1. The polymeric solution (10% w/
V) was prepared by dissolving ERL-100/ ERS-
100 and HPMC in different ratios, along with A-
HCI, 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 32°C and rel ative humidity
45%) for 24 hours. Aluminum foil was used as
backing film. The polymer was found to be self
sticking dueto the presence of eudragit polymers
along with plagticizer. The patches were cut to
giverequired areaand 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
filmsfrom each batch were weighed individually
and the average weight was calculated (Table
2).
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Table 1. Composition of Atomoxetine HCl Transdermal
Delivery Systems

i Polymer
S.No Forlg:(ll:tlon A-HCI (mg) y
ERL100:HPMC | ERS100:HPMC

1 A-1 20 8:2

2 A-2 20 6:4

3 A-3 20 4:6

4 A-4 20 2:8 -

5 B-1 20 8:2
6 B-2 20 6:4
7 B-3 20 4.6
8 B-4 20 2:8

Note: All theformulations 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
Cumulative % of | Cumulative % of Flux Permeability
Formulation drug released drug permeated N Coefficient (cm h™)
o b (meg/em’/h)(J") (Kp X 107%)
Q") Q")

A-1 70.70% 113 6194127 13983031 2.60%0.067
A2 91.6+124 75.55+1.87 168.23 +0.32 3.13+0.054
A-3 0552+ 1.76 84.89£1.89 183.87+0.24 3.43+0.024
A4 944154 8097+ 143 17783+0.27 33140032
B-1 58.02+ 1.89 44.40 £2.09 101.73+£025 1.89+0.032
B-2 63.24£ 1.75 4570 £1.74 103.87+033 1.93 £ 0.024
B-3 85.07 1.65 6231 %1.67 143.07£0.23 2.66% 0.035
B4 89.55£1.97 71.45+1.04 162.23 £0.27 3.02+0.028

@ Vaues presented are mean £ S.D (n=3)

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

Mean Drug
Formulation .| Weight” Folding R

S.No. Thickness * . Content

code (mg) Endurance *
() (%)

1 A-1 125=1 19.1+2.67 238 +455 97.7+0.11
2 A2 129+2 208+ 1.87 227+3.20 99.4+0.16
3 A-3 138=3 244+ 1.65 249 + 1.00 97.1+0.19
4 A4 142+3 249+3.76 209 +5.34 98.0+0.26
5 B-1 122+1 21.7+1.23 2154+290 983 +0.18
6 B-2 1274 23.1+£290 218+3.76 9724011
7 B-3 133+2 19.6+£3.78 230+£5.00 98.1+£0.13
8 B-4 134=3 21.3+2.00 240+3.76 992+0.19

aValues presented aremean + S.D (n=3)
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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=1,-1./ I, X 100
Wherel isinitial length of each strip, |, isfinal

length of each strip.

Folding Endurance

The folding endurance was measured
manually as per thereported method (21). Briefly,
astrip of the film (4 x 3 cm) was cut evenly and
repeatedly folded at the same place till it broke.
Thethinner thefilm moreflexibleitis.

Drug Content Determination

The patch (1 cm?) was cut and added to
abeaker 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

Thein vitro release was carried out with
thedialysismembrane 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 £ 0.5° C and receptor
compartment was provided with sampling port.
The diffusion medium used was PBS pH 7.4
solution. Thedrug containing film with asupport
of backing membrane was kept in the donor
compartment and it was separated from the
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receptor compartment by dialysismembranewith
molecular weight cut off between 12000 to 14000
(Himedia, Mumbai, India). Thedialyssmembrane
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 °C 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
datawasfitted to different kinetic modelstoexplain
the release mechanism and pattern using the
following equations.
Zero order equation Q= Q_ =Kt
First order equation Q= Q_=e™
Higuchi equation Q = Kt V2

Where, Q is the cumulative amount of
drug released, Q, isthe initial amount of drug, k
isrelease constant and t is time.

Donor
compartment

- {5 anpling

i [agneric

<.

Feceptor
Compartnent

L |

Fig. 1. Schematic diagram of Franz diffusion cell
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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 epidermiswaswashed with water
and used for ex vivo permeability studies.

Ex vivo Skin Permeation Sudies

The exvivo skin permeation studieswere
carried out using Franz diffusion cell (Fig. 1) with
adiffusiona areaof 3.73 cm? Rat abdominal skin
was mounted between the compartments of the
diffusion cell with stratum corneum facing the
donor compartment. The receiver phaseis 15 ml
of PBSpH 7.4, stirred at 300 rpm on a magnetic
dtirrer. 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
°C. 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. 3and 4).
Flux was determined directly as the dope of the
curve between the steady state values of the
amount of drug permeated (mg cm?) v/s time
(hours) (23) and permeability coefficients were
deduced by dividing the flux by the initial drug
load (mg cm?) as shown in Table 3.
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Fig. 3. Invitrorelease profilesof atomoxetine
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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.
Thicknessrangedfrom125+ 11 t0142+ 31 (A
series) and 122 + 11 to 134 + 3 | (B series).
The weights are found to be high with films
prepared with higher proportions of HPMC as
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Fig. 5. Ex vivo permeation profiles of
atomoxetine hydrochloridefrom TDDSusing
Franz diffusoncell.

one of two polymers. Asthe proportion of HPMC
was decreased, the thickness was al so decreased.
Good uniformity in drug content was observed
anditranged from 97.1+ 0.19 mgt0 99.4 + 0.16
mg (A series) and 97.2 + 0.11 mg to 99.2 £ 0.19
mg (B series).

Theresults 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 showsthat 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

Theresultsof invitro drug rel ease 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
formulationswasincreased inthefollowing order:
A-3>A-4>A-2>B-4>B-3>A-1>B-2>B-1.

Variable release profiles of A-HCI from
different experimental patches composed of
various blends of ERL/HPMC and ERSHPMC
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 asthemotion of asmall
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 thispolymer in the matrix increased, therewas
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 increasesthetartuosity
and diffusiona 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

193

results suggested that the drug release followed
Higuchi modd asit wasevidenced 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
0.65inAd4andAl; 0.68t00.88in B4 to B1) and
first order kinetics (0.56t00.71inA4toA1l, 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-
HCI from patches are shown in Fig 4 and 5. The
cumulative percent of drug permeation from
formulations of A-serieswas 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 X102 cm h' and 3.02 X 10
cm h' (Table 3). The skin permeation profiles of
the test formulations were in conformity to thein
vitro drug rel ease pattern. The cumul ative 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 wasthe rate and extent of
drug permeation. Again the Kp for formulation
A-3 was high than B-4 |eading to conclusion that
ERL 100 and HPMC combination is better than
ERS 100 and HPMC as the polymeric precursor
for the A-HCI transdermal formulation. As the
concentration of hydrophilic polymer was

Mamatha et al



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

increased, the amount of drug permeated was
increased. Thismay bearesult of theinitial rapid
dissol ution of the hydrophilic polymerswhen the
patch isin contact with the hydrated skin, which
results in accumulation of high amounts of drug
on the skin surface and thusleadsto 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)
reveaded 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 permesation from formulation A-3
might be dueto higher permesbility 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, asit 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 atering the
barrier property of stratum corneum.

Propyleneglycol (PG) action asasorption
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).
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Conclusions

Ex vivo permeation of A-HCI showsthat
patches of ERL 100:HPMC is suitable compared
to ERS 100:HPMC patches. The results of the
study show that A-HCI 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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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 wasfound 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. Microbia
natural productstill appear asthe most promising
source of the future antibiotics that society is

expecting (1). Antibiotics are produced by
bacteria, fungi, actinomycetes, algae, lichensand
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
Sreptomyces was proposed by Waksman &
Henrici (4) for aerobic, spore-forming
Actinomycetes . Members of Sreptomyces are
a rich source of hioactive 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 Sreptomyces
(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. Thereis a
need for the development of new antibiotics to
overcome the problems associated with the
existing antibiotics. To discover thenew antibiotics
it will be necessary to continue the use of
conventional screening programs. Different soils
all over theworld 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 organismswhose potential
was neglected through out the history. The aim
of our work is to conduct intensive screening
program on different soil samples of Palestine
whichisanunexploredterritory and whichislikely
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 samplesis very much
necessary. The selected isolates were identified
by morphological, biochemical and other criteria
and finally screened for the production of novel
antibioticsand pharmacological active compounds.
This investigation may yield a few new species
of Actinomycetes leading to the isolation of new
antiviral and antibacterial antibioticswith desired
antimicrobial spectrum and therapeutic use. It may
lead to the isolation of new species producing
already known and clinically useful antibiotics, but
with highyieldinasmplemediumwhichfacilitate
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 organi c matter, moisture content, particlesize
and colour of soil.
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Isolation of Actinomycetes from soil samples

About 1gm of sample was transferred
to asterile 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
sterilewater. Thesedilutions (10-10%) wereused
asinocula. Oneml of each of these dilutionswere
pipetted out into the medium, plated into
petridishes 6 inches diameters and incubated at
28 °C 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 (I1SP) (22)
and by Waksman (29). Mycelium was observed
after incubation at 28 °C for 2 weeks. Colorswere
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 °C.
Liquefaction of gelatin was evaluated by the
method of Waksman (29). Hydrolysis of starch
and milk were evaluated by using the media of
Gordonet al. (31). All cultura characteristicswere
recorded after 2 weeks.

Cell wall composition (chemotaxonomic
anaysis): Cellsused for chemotaxonomic analysis
were obtained after incubation at 28 °C for 3 days
inyeast 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 a. (32). Whole-cell sugars were
analyzed according to the method of Becker et
a. (33).

Study of antimicrobial activity: All selected
isolateswere subcultured onto Y EME agar slants
and incubated at 28 °C for about 7-10 days. The
following production medium was used to test
antibiotic production: soyabean med (1.0 %), corn
steep liquor (0.5 %), soluble starch (1.0 %),
dextrose (0.5 %), calcium carbonate (0.7 % )
withpH (7.2) .Antimicrobial activity of thestrain
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) werefilled with 50 ml of mycelia-free
culture filtrate in triplicate and the plates were
incubated at 37 °C for 24 h. Inhibition zone
diameters were measured.

Results and Discussion

Isolation of Actinomycetes from soil samples:
A total of 8 different soil sampleswere 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. Thecriteriachosen werethe 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 isolatestested, 5isolates (7/2, 8/
7, 10/2, 12/2 and 13/2) which were found to be
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promising were subjected to detailed taxonomic
studies. The results of the taxonomic studies of
the selected isolates are described in thefollowing
individual monographs.

Taxonomic studies on isolate no. 10/2

Morphological and cultural characteristics:
Aeria myceliumiswhitein 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 belongsto the family Streptomycetaceae.
As such the taxonomic characters of our isolate
10/2 is compared with that of the Sreptomyces
species reported in the existing literature and
found to be closer to S. albovinaceus (34). The
comparative datais 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 acarbon 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 :
Aeria myceliumwasgrey in color. Raised growth
was observed. Short spiras with two to three
turns’ sporophores were aso 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.

Antibacterial activityof soil bacteria
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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 Sreptomyces
species reported in the existing literature and
found to be closer to S. violaceoruber (35). The
comparative datais given in Table 7. Our isolate
7/2 and reference strain have the following
similarities: color of agrial mycelium, sporophore
morphology , melanoid pigments on ISP — 6,
utilization of D-glucose , D- fructose , L(+)
arabinose , D- mannitol , xylose , inositol ,
rhamnose, gelatin, liquefaction, coagul ation and
peptoni zation of milk. Our isolate 7/2 differsfrom
thereference strainsin utilization carbon sources
raffinose and sucrose. Inview of thelarge number
of similaritieswith thereference 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 belongsto the family Streptomy cetaceae.
As such the taxonomic characters of our isolate
12/2 is compared with that of the Sreptomyces
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 differsfromthereference strainsin melanoid
pigmentation on ISP — 6, utilization of fructose,
mannitol , raffinose , sucrose , and inositol. In
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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 belongsto the family Streptomycetaceae.
As such the taxonomic characters of our isolate
13/2 is compared with that of the Sreptomyces
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 peptoni zation
of milk and nitrate reduction. Our isolate 13/2
differs from the reference strains in melanoid
pigmentson | SP-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 astrainto S
setonii

Taxonomic studies on isolate no. 8/7

Morphological and cultural characteristics:
Aerial mycelium waslight 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 aboveinformation indicatesthat this
isolate belongs to the family Streptomycetaceae.
As such the taxonomic characters of our isolate
8/7 is compared with that of the Sreptomyces
species reported in the existing literature and
found to be closer to S. longisporus (20 , 36,
37). Thecomparative dataisgivenin Table 10.0ur
isolate 8/7 and reference strain havethefollowing
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
differsfrom the reference strainsin utilization of
carbon sourceslikeinositol and rhamnose. Inview
of large number of similaritieswith 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
worksonisolateno (10/2) like optimization studies,
studies on anticancer activity and purification of
the active principle which are under progress.
Toxicology and commercia viability study will be
submitted in a separate article.
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Abstract

Thiswork aimsat investigating different
typesand levelsof 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 formul ate con-
trolled rel ease matrix tablets containing 200 mg
of levodopa (L D) and 50 mg of carbidopa (CD).
Thetabletswere prepared by direct compres-
son. Mgority of themaitrix tabletsthat contained
lessthan 7.5 % of the polymer disintegrated pre-
maturely. Polymers, HPMC K15M and
Carbopol 974P produced thedesired drug re-
lease a 10 % concentration whereas HPMC
K4M at 20 % concentration of thetablet weight.
The prepared matrix tabletswere evaluated for
welght variation, hardness, friability, drug con-
tent andinvitro drug rel ease studies. Fromthe
invitro release studies of the prepared formu-
lations, oneformulawas optimized from each
polymer. HPMC K15M and Carbopol 974P
based tablet formul ations showed high rel ease
retarding efficiency. Matrix tabletsproduced with
Carbopol 974P showed sticking and weight
variation problems. All theformul ationsshowed
linear release profiles (r?=0.96) and sustained
therelease of levodopaand carbidopaover 8—

12 h. The release profiles of levodopa and
carbidopafrom the selected formulations are
closeto zero order and follow diffusion depen-
dent release. The prepared matrix tablets pro-
duced from the optimized formul ations were
compared with standard commercial tablets
(SYNDOPA). Thesimilarity factor (f2 value)
was calculated for all these formulations and
found to beabove50. Irrespective of thepoly-
mer type and its concentration, the prepared
hydrophilic matrix tablets showed non-Fickian
(anoma ous) release, coupled diffusonand poly-
mer matrix relaxation asthe values of release
exponent (n) arein between 0.5 and 0.89. Fi-
nally itwasclear that itispossibletodesigna
formulation with any of the abovethree poly-
mersgiving thedesired drug rel ease 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 releasetablets

1. Introduction
A typical controlled release systemis
designed to provide constant or nearly constant
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drug levelsin plasmawith reduced dose, fre-
quency of administration and fluctuationsin
plasmaconcentrationsviadow releaseover an
extended period of time (1). A matrix device
consists of drug dispersed homogenously
throughout apolymer matrix. Two mgor types
of materialsare used in the preparation of ma-
trix devices(2), whichinclude hydrophobic car-
rierslikeglyceryl tristearate, fatty acohals, fatty
acids, waxes; carnaubawax, methylmetha
crylate, polyvinyl chloride, polyethylene,
ethylcellulose and hydrophilic polymerslike,
sodium carboxymethylcellulose, hydroxypropy
Imethylcelulose, sodium dginate, xanthan gum,
polyethylene oxide and carbopols.

Matrix sysemsoffer saverd advantages
relativeto other extended rel ease dosageforms
likeeasy to manufacture, versatile, effective, low
cost and can be madeto rel ease high molecular
weight compounds (3). Sincethedrugisdis-
persedinthematrix system, accidenta |eakage
of thetotal drug componentislesslikely tooc-
cur, dthough occasionally, cracking of thema:
trix material can cause unwanted release.

L evodopa and Carbidopa are used to
treat Parkinson’sdisease (4). Parkinson’sdis-
easeisbelievedto berelatedtolow levelsof a
chemicd cdled dopamineinthebrain. Levodopa
isturnedinto dopamineinthebody. If levodopa
aoneisadministered, readily undergoesperiph-
era decarboxylation by DOPA decarboxylase,
asaresultitlosesitslipophilicity and can not
crosstheblood brainbarrier (5). If itisadmin-
istered in combination with Carbidopa,
Carbidopa preventsthe peripheral decarboxy-
lation of levodopasoit retainsitslipophilicity.

Theobjectiveof investigationisto de-
velop levodopaand carbidopausing hydrophilic
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matrices, HPMC K15M, HPMC K4M and
Carbopol 974P. The developed formulations
wereevaluated for weight variation, hardness,
friability andinvitroreleasestudies.

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
974Pwasobtained from | PSchemica company,
Mumbai. All other chemicaswereof andytica
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
polymersand other excipientsused inthefor-
mulationsweretakeninglassvidsand observed
every week to make surethat thereisno drug-
excipient interaction.

2.2.2.Micromeritics

Static angle of repose, compressibility
index, Hausner ratio, poured (or fluff) bulk and
tapped bulk densitieswere determined accord-
ing to thefixed funnel and freestanding cone
method reported by Raghuram et d.(6).

2.2.3. Preparation of tablets:
FormulationsDK 15:1-4, DK: 1-5, DC:
1-4wereprepared usng HPMC K 15M, HPMC
K4M and Carbopol 974P respectively by di-
rect compression (7, 8). Microcrystaline cellu-
losewasused asthefiller. Magnes um Stearate,
talcand aeros| were used aslubricant and glidant
respectively. All theingredientswereweighed
and sifted through 40 mesh except the brilliant
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blue colour which ispassed through 100 mesh.
Then all theingredientswere mixedinapoly
bag for 10 min. Now the blend iscompressed
into tablets with 12mm flat circular shaped
punches. The composition of the tablets pre-
pared under varioustrialswith HPMC K4M,
HPMC K15M and Carbopol 974Pweregiven
inthetable 1.

Formulated tabletsweighed 400 mg and
measured 1.20 cmindiameter. All theformula-
tioningredients, except thelubricant and glidant,
weremixed inaplastic container and shaken by
hand for about 10-15 min. The [ubricant and
glidant were added to the powder mixtureand
mixed for another 2-3 min by hand. Thetablets
were compressed on arotary tablet machine
(Cadmech) fitted with flat faced 1.20 cm punch
and die setsand compressed.

2.2.4. Dissolution studies

All the tablets prepared were subjected to
dissolution studiesusing L abindia Dissolution test
apparatus (Modified USP type 1) 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
rpmare 37+ 0.5° Cand 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. Chromatogr aphic appar atusand con-
ditions

Chromatographic separation of
levodopa and carbidopa was performed on a
Shimadzu HPL C System (Japan) equipped with
UV-Visible detector using C8 column
(Phenomenex 150x 4.6mmm [.D., Spparticle
size). The mobile phase used was phosphate
buffer pH 3.4. Standard solution and dissolu-
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tion sampleswereanalyzed at 280 nmusing a
UV detector. The mobile phasewas pumped at
aflow rateof 1.0 ml/minwith aninjector valve
fittedtoa20 pl volume sampleloop.

2.2.6. Release Kinetics (9).

Different kinetic equations (zero-order,
firg-order, and Higuchi’ sequation) were gpplied
to interpret the release rate of the drug from
matrix systems. Thebest fit with higher correla-
tion (r2>0.98) wasfound with Higuchi’ sequa-
tionfor al theformulations. Two factors, how-
ever, diminishthegpplicability of Higuchi’sequa:
tionto matrix systems. Thismode failstoalow
for theinfluence of swelling of thematrix (upon
hydration) and gradual erosion of thematrix.

Therefore, thedissolution datawerea so
fitted according to thewell-known exponential
K orsmeyer-Peppas equation (10), whichisof-
ten used to describe drug rel ease behaviour from
polymericsystems.

M/ M, = ki"

M/ M, isthefraction of drug releaseat timet,
and k isthe kinetic constant; n isthe release
exponent (indicating the general operating re-
|ease mechanism). n value between 0.43 and
0.5indicatesFickian (casel) diffuson-mediated
release. Non-Fickian (anomalous) release,
coupled diffuson, and polymer matrix relaxation
occursif 0.5<n<0.89, purely matrix relax-
ation or erosion-mediated release occursfor n
=1 (zero-order kinetics), and super casell type
of release occursfor n>0.89 (11).

2.2.7. Theoptimized formulationsintriplicate
were prepared and kept for stability studiesat
2-8°C, 25+2°C/60+£5% RH, 40+£2°C/75+5%
RH and in photostability chambers. Thedrug
content in the tabl etswas determined after 30
and 60 days.
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3. Results and discussion
3.1. Drugexcipient inter action study
Theresultsof drug excipient interaction
study clearly indicated that thereisno drug ex-
cipient interaction at 25°C but at 40°C after 3
weekslevodopadevel oped dight brown colour
indl thevialswhereitispresent. Solevodopais
found to be unstable at 40°C if it is kept for
prolonged period. Thereforeit isbetter to store
theformulations containing levodopaat atem-
perature of about 25°C.

3.2.Micromeritics

Thevarious micromeritic propertieslike
Bulk Dengty, Tapped Density, Compressibility
index (%), Angle of repose and Hausner Ratio
weredetermined for both thedrugsand aregiven
in the table 2. The compressibility index,
Hausner ratio and angleof reposeindicated poor
flow characteristics. Soit wasimproved by in-
clusion of suitable amounts of lubricantsand
glidants.

3.3. Weight variation, hardness and friability
The prepared tabletswere subjected to
hardness, friability, weight variation, drug con-
tent and dissolution and theresultsaregivenin
thetable3and all theseresultswerefound to be
inthepermissblelimits.

3.4. Dissolution studies

Thereeaseprofilesof both thelevodopa
and carbidopainal theformulationsarevery
closeto each other. The drugswerereleasing
for 12 hrsand 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. Thiseffect might beascribed to
anincreaseintheextent of gl formationinthe
diffusonlayer (12).
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The results of in vitro release from
HPMC K15M matrix tabletswereshowninfig-
ureslab. All theformulationsexcept DK15-4
releaselessthan 70% of drug withinl2 hrsdue
to higher concentration of polymer. Theformu-
lation DK 15-4 rel eased more than 95% of the
drugin 12 hrs. However at varioustimeinter-
vasthecumulative% drug releaseisvery close
to zero order. Hencetheformulation DK 15-4
was sdl ected asoptimized formul ation.

The results of in vitro release from
HPMC K4M matrix tabletswereshowninfig-
ures 2 a-b. Formulations DK4-1 and DK4-2
released | ess than 85% of drug with in12 hrs
dueto higher concentration of polymer. Thefor-
mulations DK4-4 and DK 4-5 released more
than 95% of the drug within 8 hrsdueto lower
concentration of polymer. Theformulation DK 4-
3exhibited arelease profileclosetofirst order
with adrug rel ease more than 95% within 12
hrs. Hence this DK4-3 was considered asthe
optimized formulation. According tofigures2a-
b, HPM C K4M-based matricesexhibited sig-
nificantly lower drug release-retarding efficiency
than the HPMC K15M and Carbopol 974P.
Theseresultsmight beattributed totherdatively
low swellability and rapid dilution and erosion
of thediffusonge layer (13).

The results of in vitro release from
Carbopol 974P matrix tablets were shownin
figures3 ab. All theformulationsexcept DC-4
rel eased lessthan 75% of drug within12 hrsdue
to higher concentration of polymer. Theformu-
lation DC-4 released morethan 95% of thedrug
within 12 hrs. Theformulation DC-4 showed a
cumulative % drug rel ease close to zero order.
Hencethe DC-4 formulawasfound to be opti-
mized.
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3.5. Determination of in vitror elease of drug
from marketed formulation.

Marketed LDCD CR formulations
(SYNDOPA 200+50) are subjected to disso-
lution studiesusing L abindiadissolutiontest ap-
paratusand cumul ative % drug rel ease was de-
pictedinthefigures4 a-b. Becauseof thena-
ture of measurement, f1 was described as dif-
ferencefactor, and f2 assimilarity factor. Af2
value of 50 or greater (50-100) ensures
samenessor equivaence of thetwo curvesand,
thus, the performance of the two products. f1
& f2vaueswerecdculated for al theoptimized
formulationsand aregiveninthetable4.

3.6. Release kinetics

Theva uesof release exponent (n) and
correlation coefficients(R?) of al theoptimized
formulationsaregiveninthetable’5. Upon com-
parison of correlation co-efficient vaues (R?) of
all theoptimized formulations, it wasindicated
that the release profiles of Levodopa and
Carbidopaarecloseto 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 astheval-
uesof release exponent (n) arein between 0.5
and 0.89.

3.7. Sability studies

Thedrug content remained sameinthefor-
mulations stored at 2-8°C, 25°C/60 RH but
gmall differenceinlevodopalevel wasfoundin
theformulations stored at 40°C/75 RH. Apart
fromthisasmall differencein carbidopalevel
wasdsofoundintheformulationsstoredin pho-
tostability chambers. Theseresultsmight be at-
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tributed to the temperature sensitivity of the
levodopaand photosensitivity of the carbidopa.

4. Conclusions:

Thedrug releasefrom al matrix tablets
showed apolymer concentration dependent re-
tardation effect and anon-Fickian (anomal ous)
release. Though thedissolution profilesof al
the optimized formulationswereclosetothezero
order, DC-4 was not considered to be advan-
tageous as the Carbopol 974 used in thisfor-
mulation posed sticking and weight variation
problems as it picks up water very quickly.
DK15-4 and DK 4-3 were found to be advan-
tageousdueto their method of formulationi.e.
direct compression whichwasvery easy, fea-
sble, fast and economica. Nosgnificant differ-
enceinthedrug content betweeninitia andthe
formulationsstored at 25 ° C but asmall differ-
encewasfound betweeninitial and formulations
stored at 40° C and in photostability chambers.
Thereforeit isrecommended that theseformu-
lations should be stored at 25 ° C and protected
fromlight.
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Table 1. Composition of levodopaand carbidopa (200mg+50mg) controlled rel ease tablet formulations

FORMULATIONS
COMPOSITIONS | DK15- | DK15- | DK15- | DK15- | DK4- | DK4- | DK4- | DK4- | DK4-

1 2 3 4 1 2 3 4 5 DC-1 | DC-2 | DC-3 | DC4
Levodopa 200.00 | 200.00 | 200.00 | 200.00 | 200.00 | 200.00 | 200.00 | 200.00 | 200.00 | 200.00 | 200.00 | 200.00 | 200.00
Carbidopa 50.00 | 50.00 | 50.00 | 50.00 [ 50.00 | 50.00 | 50.00 | 50.00 | 50.00 | 50.00 | 50.00 | 50.00 | 50.00

HPMC K15M 60.00 | 50.00 | 40.00 | 30.00 - - - -

HPMC K4M - - 120.00 | 100.00 | 80.00 | 60.00 | 50.00 - -
Carbopol 974P - - - - - - 70.00 | 60.00 | 50.00 | 40.00
MCC 81.00 | 91.00 | 101.00 | 111.00 [ 21.00 | 39.00 | 61.00 | 81.00 | 91.00 | 31.00 | 41.00 | 51.00 | 61.00

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

Table: 2 Micromeritic properties of drugs (levodopaand carbidopa)

S.No Parameter Levodopa | Carbidopa
1 Angle of repose 48" 50"
2 Bulk density (g/ml) 0.50 031
3 Tapped density (g/ml) 0.83 0.50
4 Compressibility index 21 22
S | Hausner ratio 1.60 1.62
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Table: 3 Thickness, Hardness, Weight variation, Friability and Drug content of prepared tablets.

Thickness | Hardness Weight Friability Drug Eontent
Formula code (mm) (Kg/cmz) variation (mg) (%) (%)
Levodopa | Carbidopa

DKI15-1 3.540.06 5£0.5 402.05 £5.54 <1 95.26 9491
DKI15-2 3.5+0.13 5£0.5 403.40+ 4.02 <1 98.96 9791
DK15-3 3.5¢0.08 5£0.5 40445+ 335 <1 96.33 98.73
DK15-4 3.5+0.04 5£0.5 401.00+ 4.06 <1 97.32 97.01
DK4-1 3.5+0.10 5£0.5 401.50+2.74 <l 98.65 98.24
DK4-2 3.5+0.12 5+ 0.5 400.05+ 3.54 <1 96.54 95.54
DK4-3 3.5+0.09 5£0.5 401.75+432 <l 99.76 98.97
DK4-4 3.5+0.02 5£0.5 40275+ 4.04 <1 98.21 9823
DC-1 3.5+0.15 5£0.5 400.50+ 5.84 <] 95.91 96.02
DC-2 3.5+0.28 5£0.5 40340+ 628 <l 98.79 98.65
DC-3 3.5+0.37 5+0.5 40450+ 7.74 <1 97.41 97.14
DC-4 3.5¢0.39 5+ 0.5 403.25+ 7383 <1 96.24 99.76

Table: 4 f andf, factorsof the optimized formulations.

Formulation Levodopa Carbidopa
code fi /2 Sf1 Sz
DK15-4 8 65 6 69
DK4-3 5 75 5 73
DC-4 6 70 7 66
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Table: 5 Releasekineticsof different optimized formulations

R” values Release
Formulation Zero order First order Higuchi Peppas exponent
Code (n)
LD CD LD CD LD CD LD CD LD | CD
DKI15-4 0.939 0942 | 0.832 | 0.833 | 0993 | 0.989 | 0989 | 0991 | 0.62 | 0.63
DK4-4 0.875 0879 | 0.728 | 0.730 | 0962 | 0.960 | 0963 | 0963 | 0.72 | 0.74
DC-4 0.922 0.925 | 0.853 | 0.851 | 0.994 | 0.993 | 0.996 | 0.995 | 0.58 | 0.59
Table6. Stability resultsof the optimized formulationsfor Levodopa& Carbidopa (N=3)
Exposed conditions
25+2°C/60+£5% RH | 40+2°C/75+5% RH
Formulation code 2-8°C Photo stability study
Initial | 30 days | 60 days | 30 days | 60 days | 30days | 60days| 30days | 60 days
DKI15-4 | 9824 | 9820 | 98.00 | 30days | 97.81 9555 94.85 97.28 97.11
Levodopa |DK4-3 [ 9798 | 979 | 9785 | 97.01 97.28 94.74 94.16 96.39 96.15
DC—4 [ 9741 ] 9732 | 97.19 | 9803 96.96 94.47 94.13 96.82 96.46
DKI15-4 | 9732 | 97.12 | 9701 | 97.12 97.03 9524 94.14 94.12 93.94
Carbidopa | DK4-3 | 99.76 | 9897 | 9836 | 97.28 97.18 96.75 96.24 9427 94.03
DC-4 | 9956 | 9895 [ 9889 | 9774 97.67 95.44 9511 9287 92.14
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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 sequenceon PSI-BLAST
analysisfor homology search revealed 54 hitsand
out which afew 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 analysisof CtGH39 using MultAlinand
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 (luhv; 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 ([¥a), 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 (0), ps (v)
angles around -50, -50. There were 22 residues
in 3, helical regions and 188 residues in beta
sheets. The number of residues in apha helix is
156 which are close to ¢ ~ -50 and y ~ -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%) werein allowed region and 10 (2.6%)
were in disallowed region elucidating the
acceptability of the predicted modd. All theresults
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 cellulosomeisacomplicated
protein complex consisting of nearly 20 different
catalytic subunitsor glycoside hydrolasesranging
in size from about 40 to 180 kDa with a total
molecular weight in millions. The database for
glycoside hydrolasesisavailable at website (http:/
/www.cazy.org/fam/acc_GH.html) (2), that
contains classification of glycoside hydrolasesin
the families based on amino acid sequence
similarities: i) reflects the structural features of
theseenzymesii) helpsto reveal the evolutionary
rel ationships between these enzymesiii) provides
a convenient tool to derive mechanistic
information. According to theglycoside hydrolase
classification system, several familiesGH3, GH39
and GH43 exhibit &xylosidase activity (3,4,5,6,7).
The lUBMB enzyme nomenclature of glycoside
hydrolases is based on their substrate specificity
and occasionally on their molecular mechanism;
such aclassification 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 anon-carbohydrate moiety. The
known activitiesof GH39 are: i) &L-iduronidase
(EC:3.2.1.76) and ii) &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 overal retention of the
anomeric configuration (8).

MODELLER is used for homology and
comparative modelling of protein three-
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dimensional structures (9,10). MODELLER
implements comparative protein structure
modelling by satisfaction of spatial restraints
(12,22). 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 aflexibly defined
objectivefunction, multipleaignmentsof protein
sequences and/or structures, clustering, searching
of sequence databases, comparison of protein
structures. G.N. Ramachandran used computer
modelsof small polypeptidesto systematicaly vary
phi and y 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, ¢ and g 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 genesareinvolved in encoding proteins
involved in cellulose degradation. This research
isessential 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 amass 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
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was carried out. The predicted structure contains
afold (&/a), 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 angleswhichwill further helpinunderstanding
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 PS|-
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 proteinsfrom other species
using Multiple sequenceaignment (M SA; 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,
coilsand helicespossibleat particular positionin
aprotein.

The 3-dimensional structure prediction
was carried out by alignment of target sequences
with template structuresusing MODEL LER 8v2
(Max-Planck Ingtitute, 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 wasvisualized 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 pairsfor resi-
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duesin a protein. The Ramachandran plot using
RAMPAGE (24,25) software, showsvariousres-
duesfalling under allowed, favoured and in disal-
lowed regions. In Ramachandran plot rotation
about the N-C? bond of the peptide is denoted by
torsiona angle (0), rotation about C3-C’ bond by
(y) and about the peptide bond (C'-N) by u. Varia-
tionsin &helix in which the chain is either more
tightly or moreloosdly coiled, with hydrogen bonds
toresiduesi + 1 andi + 5 (C3H), are designated
as 3,,— helix and the &-helix, respectively. The
packing of the backbone atoms is somewhat too
tightinthe 3,,—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 homol ogy
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 afew 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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Fig. 1. Phylogenetic tree generated (showing dis-
tance) using BLAST p showsthat CtGH39 comesfrom
dockerin type cellulosome enzyme complex from
Clostridium thermocellum ATCC 27405 and a hypo-
thetical protein from Thermotoga petrophila must be
its closest neighbour.

stereothermophilus (1w91), Thermoanaero
bacterium saccharolyticum (1uhv) and Bacillus
stereothermophilus (1qw9) (Fig. 2). High
consensus portions shown in red are identical
amino acids in al 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 aignment (MSA) isoften 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).
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Fig.2. Multiple sequence alignment analysis of CtGH39 using Clustal X. Multiple sequence alignment
analysis of CtGH39 using MultAlin and HHpred showed above 90% similaritieswith protein sequences of
Thermotoga petriphila (Hypothetical protein), Geobacillus stereothermophilus (1w91),
Thermoanaer obacterium saccharolyticum (1uhv) and Bacillus stereothermophilus (1gw9) from the PDB
database. High consensus portions shown in red (>90%) areidentical amino acidsin all 5 sequences. Blue
regions (>50%) are the conserved amino acidsin at least 4 out of 5 sequences and the neutral portions are

shown in black.
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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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Fig.4. Threedimensiona structure of CtGH39 de-
veloped utilizing MODELLER 8v2 and visudized us-
ing RASWIN (RASMOL) software showing the char-
acteristic ([¥a),fold (alpha helix in red ribbons and
beta sheetsin yellow arrows)

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
dlfferent 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 positionsin 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 ahydrophobic core, but a so through
salt bridges, hydrogen bonds, disulfide bondsand
even post-trandational modifications. The term
“tertiary structure” is often used as synonymous
withthetermfold. Thetertiary 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
(R/a), fold was easily identified from the
predicted 3-dimensional structure of CtGH39 as
itasobelongedto Clan* A’ accordingtothe CAZy
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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. Theresidues
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
isof good quality (Fig. 5).

VERIFY3D wodel quality

Fig.5. Threedimensional 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) reveds that the
repeating values of phi and psi angles along the
polypeptide chain resultsin regular structure, such
asrepeating values of phi ~-57 and psi ~-47 give
aright-handed helix (the &helix). The structure
of CtGH39 showed many segments of helix and
the Ramachandran plot showed atight grouping
or clustering of (¢), (y) angles around -50, -50
(Fig. 6). The total number of residues in apha
helix is 156 which have (¢)~ -50 and (y)~ -50,
these alphahelix 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 valuesin the
region (Fig. 6) of ¢ =-110t0-140 and y = +110
to +135 gave extended chainswith conformations
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Fig.6. Ramachandran plot for CtGH39 from

Clostridium thermocellum using RC plot online
server available from 11Sc Bangalore (13). It shows
the left-handed as well as right-handed helices, beta
sheets and disallowed and allowed aress. Black ar-
eas are allowed only for Gly residues.

that allow interactions between closely folded
parallel segments (a-sheet structures). The
structure of CtGH39 is composed mostly of &-
sheets and the Ramachandran plot showed a
broad range of valuesin the -110, +130 regions
(Fig. 6). Repeating ¢, @ angles always lead to a
regular structure provided it is sterically alowed.
There are total 22 residuesin 3, helical regions,
which are present in first quadrant of
conformational map (Fig. 6). Thetotal number of
residuesin beta sheet is 188, which coversamost
all theregion 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%) werein disallowed
region proving again that the predicted model is
acceptable (Fig. 7). Ramachandran plot for
genera, glycine, pre-prolineand prolinewasal so
doneandit showed theglycine, pre-Pro and proline
of CtGH39falling under allowed regionsand also

Ahmed et al
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thoseglycineresiduesfalingin disallowed region
(Fig. 8). Theoveral resultsprovided theevidences
that the predicted 3-Dimensional structure of
CtGH39 is acceptable and of good quality.
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Fig. 7. Ramachandran plot analysis of CtGH39
using RAMPAGE software(24,25). It shows the
various residues falling in favoured allowed and
disallowed region and the Glycine residues (352
residuesarein favoured region, 22 in allowed region
and 10 in disallowed region) so > 90% residues have
allowed conformations.
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Abstract

The methanolic extract of leaves of
Balanites roxburghii (BLR) was evaluated for
its hepatoprotective activity against carbon
tetrachloride (CCl,)-induced hepatic damage in
rats. It was evaluated by measuring levels of
serum marker enzymes like serum glutamate
oxal oacetate transaminase (SGOT), serum
glutamate pyruvatetransaminase (SGPT), alkaline
phosphatase (ALP) andtota 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,-induced elevation of levels of
serum GPT, GOT, ALPand TBR. A comparative
histopathological study of liver exhibited near to
normal architecture, as compared to CCl -treated

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

1. Introduction

Balanitesroxburghii isamedicinal herb,
foundinBengdl, drier partsof Indiaand Myanmar.
In Ayurvedic, the fruit has a bitter sharp taste,
digetible, dterative, anthelmintic, analgesic and
in Unani system of medicinefor treatment of skin
diseases (1), in Sudanese folk medicine for
treatment of jaundice (2), In Egyptian folk
medicine, the fruits of Balanites (after removal

of the apocarps) are commonly used as an oral
antidiabetic drug, in tropical Africaasfish poison
3).

It was reported to possess immune
modulating properties (4), hypocholesterolemic
action (5), anti-inflammatory, antinociceptive and
antioxidant activities (6). An agueous extract of
the mesocarp of the fruits of Balanites was
reported to exhibit aprominent 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,
guercetin-3-rutinoside; 3-glucoside, 3-rutinoside,
3-7-diglucoside and 3-rhamnogal actoside of
isorhamnetin were extracted and identified from
the leaves and branches (9). Saponins (10) have
al so been identified from the plant

The local people (Warangal) use the
leaves as atraditional medicine for the treatment
of jaundice. For this purpose, the leaves are
crushed, madefive small doughs and taken orally
once. Hepatoprotective activity of the bark aswell
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.

Hepatoprotective effect of leaves of Balanites roxburghii
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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.
N0.146/1999/CPCSEA), Ranga Reddy District,
AP, India. They were housed in well-ventilated
room at 27° C (x2) 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.N0.169/1999/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. Rau 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 dayswith intermittent stirring. After extraction,
the solvent was filtered and concentrated under
reduced pressure. The extract (yield: 27%)
obtained was stored at -20°C 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

Themethanolic extract was administered
oraly only once in doses of 100, 300, 1000 and
2000 mg/kg to groupsof mice (n=6, age 35 days,
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weight 18-22 g) and percentage mortality was
noted beginning with 24 h up to aperiod 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, 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:

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

Group Il: Treated with vehicle (2.0 ml,
p.o.) daily for 7 daysfollowed by CCl, onday 7.
Group I1: Treated with silymarin (100 mg p.o.)
daily for 7 days followed by CC1, on day 7.

Groups IV and V: Treated with
methanolic extract of BL R suspended in 5% gum
acacia in water at doses of 200 and 400mg/kg
daily for 7 days followed by CC1, 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 varioushiochemical parameterslike
serum glutamate oxaloacetate transaminase
(SGOT), serum glutamate pyruvate transaminase
(SGPT) (15), Serum Alkaline Phosphatase (ALP)
(16) and Total Bilirubin (17).

2.7. Satistical analysis
All valuesare expressed asmeans+ S.D.
The data were subjected to one-way ANOVA
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followed by Newman-K euls 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 informalin (10%), serialy
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 changesin
behavior or symptomsof toxicity. Theextract was
found to be safe up to adose 2000 mg/kg in mice.

In rats, hepatic damage induced by CCl,
caused significant risein marker enzymes SGOT,
SGPT, ALP and Total serum hilirubin (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 dso lowered ALP (P < 0.05). While,
BLR 200 mg/kg was observed to lower
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significantly thelevelsof 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 isdueto the consequence
of CCl4 activation by cytochrome P-450 to
trichloromethyl freeradical (CCl,") (19) andwhich
in turn disruptsthe 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
flavonoidsto posses hepatoprotective activity (21).

Theincreased level of SGOT, SGPT,ALP
and TBRissenditiveindicator of liver injury (22).
In the present study, also it was seen that
administration of CCl, elevatesthelevelsof serum
marker enzymes SGOT, SGPT, ALP and TBR.

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

Parameter Treatment

Control Ccl, Slymain(100mgkg, BLR(200mgkg, BLR(400mgkg,

orally) +CCl, oraly) +CCl, oraly)+CCl -

SGOT (U/ml) 4863+730 11638+928  5830+8.73" 98.39+9.23% 69.82+10.25"
SGPT (U/ml) 37224602  131.93+811°  4348+6.71" 120.59+7.66° 95.93+7.72"
ALP (KA unit) 1185+261 2006x371°  16.13+250" 27.77+2.11 242042128
Bilirubin(mg/dl)  053+007  1.39+0.06" 0.60+0.04" 1.26+0.08% 0.93+0.06"
Total

Valuesare expressed asmean £S.D. of six animalsin each group.
*P < 0.001 as compared with group 1.
§P < 0.05,88P < 0.01, T P< 0.001 as compared with group 2.
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BLR- and silymarin-treated groupsexhibited lower
levels of marker enzymes as compared to CCl -
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
histopathol ogical examination clearly revea sthat
the hepatic cells and central vein are near to
normal in BLR (400 mg/kg, p.0.) groupin contrast
to group which received CCl,. Thus, BLR can
be considered to be an effective hepatoprotective
drug as it brings near to normalcy the damage
caused by CCl, to hepatic function. Hence this
drug can be used in polyherba formulations to
provide a synergistic effect with other
hepatoprotective drugs and there by preventing
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Fig.1. (a). Section through theliver of normal rats showing
central vein and hepatocytes. (b). Section through the liver
of CCl-treated rats showing central vein and hepatocytes.
Notethe necrosisof hepatic cellsand formation of vacuoles.
(c,d, €). 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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