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Diallyl sulfide (DAS), an active component of garlic, possesses strong anti-neoplastic properties against various forms of can-
cer. In the present study, we have evaluated chemo-preventive effects of liposomized DAS (conventional egy PC and pH-
sensitive liposomes) aygainst DMBA-induced skin papilloma. Various liposome-based novel formulations of DAS (250 pg/mouse)
were applied topically, after one hour of exposure to DMBA (52 py/mouse/dose), to the animals. The animals were treated thrice
weekly for the total period of 12 weeks. The efficacy of the various liposomal formulations of DAS was evaluated on the basis of
parameters such as incidence of tumoroygenesis and total numbers and sizes of induced tumor nodules. The liposomized DAS for-
mulations also were assessed for their effect on the expression of p53wt, P53mut, and p21/Waf1. The results of the present study
showed that liposomized DAS could effectively delay the onset of fumorogenesis and reduce the cumulative numbers and sizes
of tumor papillomas in treated mice. Treatment of DMBA-exposed animals with the liposomal formulation of DAS ensued in up-
regulation of p&3wt and p21/Waf1, while levels of p53mut expression reduced down. The promising chemo-preventive nature of
liposomal DAS may form the basis for establishing effective means of conftrolling various forms of cancer, including skin papilloma.
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INTRODUCTION

Garlic (Allium sativum) has been
shown to possess potential health bene-
fits (lipid lowering, antimicrobial,
chemo-preventive, and anticarcinogenic
properties, for example) since the begin-
ning of recorded history and is probably
one of the most widely studied medici-
nal plants (1,2). The chemotherapeutic
and antitumor activity associated with
garlic has been attributed to the presence
of various organosulfide-based active
compounds including DAS (Figure 1),
(3/4,5,6,7,8). Our lab, as well as other
investigators, has demonstrated the anti-
carcinogenic properties of DAS against
chemically induced carcinogenesis in
model animals (3,9,10). DAS has been

found to be effective against various
forms of cancer affecting skin, lung,
esophagus, colon, liver, and others
(3,9,10,11). A deeper insight revealed that
DAS achieves its anticancer properties by
modulating phase I and phase II detoxi-
fying enzymes, scavenging of free radi-
cals, and abrogating their mutagenic
potential (4,12,13,14,15).

Of the various options available for the
administration of medications, topical
application is the most promising ap-
proach for treating skin tumors as it
leads to a localized effect at the desired
site with minimal side effects. However,
retention of drugs administered by this
mode is low because of extensive diffu-
sion that is more apparent in case of
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small-sized molecules such as DAS. This
warrants development of formulations
that can modulate pharmacokinetics as
well as pharmacodynamic properties of
DAS, thereby making it more efficacious.

Among various novel drug delivery
systems, microparticulate-based carrier
systems such as micro-emulsion (16),
nano-emulsion (17), nanoparticles (18),
liposomes (19,20), and others have
been reported to improve the delivery
of drugs to the skin. Interestingly,
liposome-based formulations, when
employed for topical delivery, have been
shown to be extremely promising for en-
hancing drug penetration (19,21,22), im-
proving pharmacological effects (23,24),
decreasing side effects, controlling drug
release (17), and, above all, their own
biodegradable nature (25,26).

The aim of the present study was to
evaluate chemo-preventive action of
liposome-based topical formulations of
DAS against dimethyl benz (a) anthra-
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Figure 1. Chemical structure of DAS

cene (DMBA)-induced skin cancer.
DMBA, a polycyclic aromatic hydrocar-
bon (PAH), is an ubiquitous environmen-
tal pollutant generated during incom-
plete combustion of organic substances
and known to have cytotoxic, mutagenic,
and carcinogenic effects in experimental
animals as well as in humans (27,28). We
incorporated DAS in a lipid bilayer of
egg phosphatidyl-choline (PC) liposomes
to achieve its slow release for prolonged
duration at the site of application (29). To
the best of our knowledge, no report is
available to date regarding usage of lipo-
some-based formulation of DAS against
any disease including skin cancer. The ef-
ficacy of DAS against cancer was further
enhanced by incorporating it in pH-sen-
sitive liposomes, which have the poten-
tial to deliver the encapsulated drug to
the cytosol of the cancer cells. The data
of the present study also reveal that lipo-
somal DAS was found to regulate cell
cycle factors more efficiently and eventu-
ally helped in increasing the chemo-
preventive properties of DAS.

MATERIALS AND METHODS

Chemicals

All the reagents used in the study
were of the highest purity available.
Cholesterol was bought from Centron
Research Laboratory (Mumbai, India)
and used after crystallizing it three times
with methanol. Egg phosphatidyl-
choline (PC) was isolated and purified
following the published procedure (30).
DMBA, DAS, dioleoyl phosphatidyl
ethanolamine (DOPE), and cholesteryl
hemisuccinate (CHEMS) were purchased
from Sigma Chemical Company (St.
Louis, MO, USA). Anti-p53 antibody spe-
cific for wild-type (wt) protein (clone
PAD 1620, Ab-5), Anti-p53mut (clone PAb
240), and monoclonal p21/Wafl (Ab-1)

antibody were purchased from Merck
India Limited (Mumbai, India). The
horseradish peroxidase-conjugated iso-
types were obtained from Bangalore
Genei (Bangalore, India).

Animals

Female Swiss albino mice of weight
22 + 2 g were obtained from the insti-
tute’s animal facility. The animals were
kept in quarantine for the period of one
week on a 12:12 h light:dark cycle and
were given a standard pellet diet and
water ad libitum. Animals were checked
daily for their mortality and morbidity
prior to commencement of the study and
only healthy animals were included in
the experiment. The techniques used for
drug administration as well as the killing
of the animals were strictly performed
following mandates approved by the An-
imal Ethics Committee (Committee for
the Purpose of Control and Supervision
of Experiments on Animals, Government
of India).

Preparation of DAS-Bearing
Liposomes

Egg PC liposomes were prepared
from egg PC (49 umol) and cholesterol
(21 pmol), while pH-sensitive lipo-
somes were prepared from DOPE (54
umol)
and CHEMS (36 pmol) using published
method with some modifications as
standardized in our lab (31). Briefly all
the ingredients along with DAS
(Drug:Lipid 1:40) were dissolved in a
minimum volume of
chloroform:methanol (1:1, V/V). The
solvents were evaporated carefully
under reduced pressure to form a thin
lipid film on the wall of the round bot-
tom flask. Finally, the traces of the or-
ganic solvents were removed by sub-
jecting the flask to high vacuum
overnight at 4°C. Subsequently, the
dried lipid film was hydrated with
2.0 mL of 150 mM sterile saline with in-
termittent vigorous stirring followed by
sonication (one hour, 4°C) in a bath
type sonicator under N, atmosphere.
The sonicated preparation was dialyzed
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against normal saline for 24 h at 4°C in
the dark, and then centrifuged at
10,000g for one hour at 4°C to remove
undispersed lipid. The liposomal prepa-
rations of DAS were used in treatment
of DMBA-induced skin cancer.

Determination of Intercalation
Efficiency of DAS in Liposomes

The intercalation efficiency of DAS in
various formulations of liposomes was
estimated by HPLC method (32). A
standard curve of the drug was plotted
at 271 nm by determining the area
under curve corresponding to the
known (increasing) amount of the
drug. The extent of DAS entrapped in
liposome was calculated from the stan-
dard curve of the drug solution that
was plotted for the area under curve
against the corresponding amount of
the DAS. The intercalation efficiency of
DAS in egg PC liposome (Lip-DAS)
and pH-sensitive liposome (pH-Lip-
DAS) formulations was found out to be
90 + 4 percent and 96.4 + 2.6 percent re-
spectively.

Treatments

Animals in the resting phase of hair
cycle were taken for the study. Hairs of
the animals were removed from the in-
terscapular region over an area of 2 cm”
using electric clippers that were not lu-
bricated with any oil or grease. The skin
of the shaven dorsal portion of the mice
was exposed to DMBA (52 pg in 200 mL
acetone) that was applied topically three
times a week for 12 weeks. All the for-
mulations of DAS (250 ug) were applied
within one hour after exposure with
DMBA three times a week for 12 weeks.
The animals were divided into nine
groups each comprising 15 animals as
follows: Group I, Untreated Control
(Normal); Group II, DMBA + Acetone;
Group III, DMBA + Cream; Group 1V,
DMBA + Sham PC liposomes in cream
(Sham-Lip); Group V, DMBA + Sham
pH-sensitive liposomes in cream (Sham-
pH-Lip); Group VI, DMBA + Free DAS
(DAS); Group VII, DMBA + PC-DAS
liposomes in cream (Lip-DAS); Group



VIII, DMBA + pH-sensitive-DAS lipo-
somes in cream (pH-Lip-DAS); and
Group IX, Cream + (No DMBA).

Tumor Measurements

The diameters of the tumors were
measured using a Vernier Caliper and
the tumor volume was determined by
the formula:

V=Dxd*xmn/6,

where V = tumor volume, D = biggest
dimension, and d = smallest dimension.

Preparation of Nuclear Fraction

The skin/tumor tissues were removed
from experimental mice with sharp
scalpel blades. The tissue samples were
placed on ice and fat was scraped off be-
fore further processing. Finally, the sam-
ples were homogenized and the nuclear
fraction was prepared according to pub-
lished method (33).

Western Blotting

The nuclear fraction was analyzed for
the presence of p53wt as well as p53mut
using the Western blotting method (34).
Briefly, the protein content of the ho-
mogenate was estimated by the routine
method using BSA as a standard (35).
Proteins (30 pg/well) were resolved
under nondenaturing conditions on
PAGE for p53wt and on ten percent SDS-
PAGE gels for p53mut and electroblotted
onto nitrocellulose membranes. The blots
were blocked overnight with five percent
nonfat dry milk and probed with appro-
priate antibodies [i.e., anti-p53wt (clone
MAD 4H5), anti-p53mut (clone PAb 240)
and monoclonal anti-p21/Wafl (Ab-1)
antibody] at dilutions recommended by
the suppliers. Immunoblots were de-
tected by horseradish peroxidase-
conjugated anti-mouse IgG using
chromagen 3,3’-diaminobenzidine
tetrahydrochloride. To quantify equal
loading, membranes were reprobed with
(p-actin antibody. Data are presented as
the relative pixel density of each band
normalized to a band of B-actin. The
intensity of the bands was quantitated

using Image Analysis software on an
Image Gel Documentation System.

Statistical Analysis

One-way ANOVA was used for com-
paring the mean values of tumor num-
bers and tumor volume between differ-
ent treated groups after ascertaining the
homogeneity of variance between treat-
ments. Post hoc analysis for comparing
the two groups was done using the Least
Statistical Difference (LSD) technique.
The Kaplan-Meier method was used to
estimate tumor free survival and differ-
ences were analyzed by the log-rank test.

RESULTS

In the present study, we evaluated an-
ticancer properties of various liposomal
preparations of DAS. Both pH-sensitive
and conventional egg PC liposomal for-
mulations of DAS inhibited a significant
number of DMBA-induced tumor inci-
dences as compared with the free form of
DAS in model animals. The liposomal

60
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DAS formulations also were successful in
delaying onset of tumorogenesis. As de-
picted in Figure 2, the onset of tumoroge-
nesis was delayed for a period of more
than one week in the mice treated with
liposomal formulations (Lip-DAS or pH-
Lip-DAS) in comparison to animals that
were treated with free form of DAS (P <
0.01). Besides delaying the onset of tu-
morogenesis, treatment with both pH-
sensitive as well as egg PC liposomes re-
sulted in significant reduction in total
numbers of DMBA-induced papillomas.
As shown in Figure 3A, the mean num-
bers of tumors per mouse were signifi-
cantly reduced in the group of animals
treated with Lip-DAS, (mean value 5.84,
P <0.001) and pH-Lip-DAS, (mean value
3.91, P < 0.001) in comparison with the
animals treated with the free form of
DAS (mean value 10.6).

We also measured regression in the
tumor volume after treatment with vari-
ous forms of DAS. The mean tumor vol-
ume per mouse was significantly lower
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Figure 2. Chemo-preventive effect of various formulations of DAS on onset of mouse skin
tfumoroygenesis. The animals were exposed to DMBA and subsequently treated with vari-
ous forms of DAS as described in Materials and Methods. The onset of tumorogenesis was
recorded as the first appearance of a DMBA-induced tumor in each group of animals.
9P < 0.01 (free DAS), °P < 0.001 (Lip-DAS and pH-Lip-DAS) versus vehicle control groups
(groups 1I-V), P < 0.001 (pH-Lip-DAS and Lip-DAS) versus free DAS (group VI).
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Figure 3. A. Effect of liposomized DAS mediated chemo-prevention on the development of average number of tumors per mouse.

The animals were treated with various forms of DAS after their exposure to carcinogenic agent DMBA. Efficacy of various DAS liposomal
formulations was assessed on the basis of their ability to prevent development of fumors. °P < 0.001 (free DAS, Lip-DAS, pH-Lip-DAS)
versus vehicle control groups (groups I1-V), °P < 0.001 (Lip-DAS and pH-Lip-DAS) versus free DAS, °P < 0.01 (pH-Lip-DAS) versus Lip-DAS.

B. Chemo-preventive effects of various formulations of DAS on averaye tumor size. The chemo-preventive efficacy of various forms of
DAS was assessed by measuring the size of the tumors using a caliper. The fumor volume was determined by the formula as described in
Materials and Methods. °P < 0.001 versus vehicle controls (groups II-V), °P < 0.001 (Lip-DAS and pH-Lip-DAS) versus free DAS. °P < 0.001
(pH-Lip-DAS) versus Lip-DAS (group VII. C. Percent-inhibition of tumor growth by various formulations of DAS. The animals were treated
with various forms of DAS after exposure fo DMBA as described in Materials and Methods. The fumor growth inhibition was calculated by
comparing the averayge size of the tumor induced in animals that were treated with vehicle control (acetone freatment). P < 0.001

versus (Free DAS). °P < 0.001 versus Lip-DAS.

in pH-Lip-DAS treated animals (62.42
mm?®, P < 0.001) while it was 168.60 mm?®
(P <0.001) in Lip-DAS treated animals.
Treatment with the free form of DAS re-
duced the mean tumor volume to

309.61 mm? (P < 0.001). The mean tumor
volumes recorded in the control animals
(groups I and IIT) were 1048.98 mm’ and
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1041.37 mm® respectively (Figure 3B).
The animals treated with Sham-Lip and
Sham-pH-Lip (groups IV and V) had
tumor dimensions of 984.99 and
945.88 mm” respectively.

Tumor growth inhibition was used as
another parameter to assess efficacy of
liposomized DAS against DMBA-
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induced papilloma formation. The tumor
growth inhibition, in comparison to the
DMBA-exposed untreated group, was

94 percent (P < 0.001) in the group of ani-
mals treated with pH-Lip-DAS, while it
was 84 percent in Lip-DAS treated ani-
mals. The free form of DAS resulted in



70 percent inhibition in tumor growth
(Figure 3C).

The Kaplan-Meier curve (Figure 4)
shows the augmentation of anticarcino-
genic effects of liposomized DAS against
DMBA-induced tumorogenesis in terms
of survival of tumor free animals at dif-
ferent time intervals. Treatment with ace-
tone, cream base, Sham-Lip, Sham-pH-
Lip, and free DAS could not prevent
tumor incidence in DMBA exposed ani-
mals. The liposomized DAS showed
tremendous increase in chemo-preven-
tive efficacy over its free form against
DMBA induced tumorogenesis. The
treatment resulted in ~23 percent and
34 percent of animals completely free of
tumor incidences upon treatment with
Lip-DAS and pH-Lip-DAS respectively.

Western Blot Analysis

Exposure to carcinogen DMBA in-
duced down-regulation of p53wt protein
in the treated animals (groups II and III)
in comparison with normal healthy mice
(group I, Figure 5A, lanes 1, 2, and 3).
Treatment with Sham-Lip and Sham-pH-
Lip (group IV and V) reduced DMBA
induced downregulation of p53wt (al-
though not significantly) in comparison
to animals treated with acetone and
cream (groups II and III). As depicted in
Figure 5A, a comparatively high expres-
sion of p53wt protein was recorded in
the animals treated with liposomal as
well as free formulations of DAS
(147 percent increase in expression in the
group of animals treated with pH-Lip-
DAS, 84 percent in the animals treated
with Lip-DAS liposomes, and 23 percent
in the animals treated with the free form
of DAS) over the group of animals
treated with acetone and cream. This di-
rectly suggests that liposomal formula-
tion of DAS plays a determining role in
the regulation of the expression of p53wt
protein and the inhibition of DMBA-
induced neoplastic changes. The neat
cream, used as a base in the preparation
of various formulations, could not nor-
malize p53wt expression in DMBA-
exposed mice. This observation was the
same as in animals not given any kind of
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Figure. 4. Effect of various formulations of DAS on survival of tumor-free animails. Kaplan-
Meier curve showiny effect of various formulations of DAS in terms of percentaye of
animals free from tumor burden at different time intervals. The study was scheduled for a
period of 12 weeks as described in Materials and Methods. The analysis was made on

weekly basis.

chemo-preventive treatment and hence
rules out any ameliorating role of the
cream base. Exposure of animals to
DMBA ensued in upregulation of
p53mut protein (Figure 5B, lanes 2 and
3). Treatment with various forms of DAS
aborted DMBA induced upregulation of
p53mut. As depicted in the Figure 5B,
the level of p53mut was reduced to nor-
mal levels in the animals treated with
pH-Lip-DAS. The treatment with Lip-
DAS yielded a 64 percent reduction of
p53mut level, while there was a 40 per-
cent reduction in the animals treated
with the free form of DAS (group IV).
Surprisingly, treatment with Sham-Lip
and Sham-pH-Lip (without DAS) also
nullify DMBA-induced over-expression
of p53mut although not significantly.
These results clearly show DAS medi-
ated downregulation of p53mut, which
was more apparent upon its intercalation
in various forms of the liposomes used in
the present study.
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We also studied the effect of lipo-
somized DAS on the expression of
p21/Wafl, which was transcriptionally
upregulated in the presence of p53wt.
Immunoblot analysis showed increased
expression of p21/Wafl in liposomal
DAS-treated groups. As shown in
Figure 6, there was a 93 percent increase
in the expression of p21/wafl in the
group of animals treated with pH-Lip-
DAS, while a 66 percent increment was
recorded in the animals treated with Lip-
DAS liposomes (group V), and a 46 per-
cent increase occurred in the group of
animals treated with the free form of
DAS when compared with the DMBA-
exposed animals treated with acetone
and cream.

DISCUSSION

A considerable emphasis is being
placed upon the use of dietary con-
stituent DAS, an organosulphur com-
pound of garlic, to prevent and cure can-
cer in rodent tumor models (3,4,5,7,8,9,
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Figure 5. A. Effect of various formulations of DAS on the expression of p53wt in mouse skin fumors. Skin/tumor lysates were prepared as
described in Materials and Methods. Lysates were resolved by electrophoresis and analyzed for p&3wt using anti-p53wt antibodies. To
quantify equal loading, membranes were re-probed with $-actin antibody. The infensity of the bands was quantitated using Imaye
Analysis soffware on an Image Gel Documentation System. Lane 1, untreated; lane 2, DMBA + Acetone; lane 3, DMBA + Cream; lane 4,
DMBA + Sham-Lip; lane 5, DMBA + Sham-pH-Lip; lane 6, DMBA + Free DAS; lane 7, DMBA + Lip-DAS; lane 8, DMBA + pH-Lip-DAS and lane
9, Cream base only with no DMBA. B. Effect of various formulations of DAS on the expression of p53mut in mouse skin fumors. Skin/fumor

lysates were prepared as described in Materials and Methods and analyzed for p53mut expression by Western blot analysis using anti-
body to p&3mut. To quantify equal loading, membranes were reprobed with $-actin antibody. The intensity of the bands was quanti-
tated using Imayge Analysis software on an Image Gel Documentation System. Lane 1, untreated; lane 2, DMBA + Acetone; lane 3,
DMBA + Cream; lane 4, DMBA + Sham-Lip; lane 5, DMBA + Sham-pH-Lip; lane 6, DMBA + Free DAS; lane 7, DMBA + Lip-DAS; lane 8,
DMBA + pH-Lip-DAS and lane 9, Cream base only with no DMBA.

10,14,36,37). Although effective, the
chemo-preventive properties of DAS are
far from ideal to make it a potential fu-
ture chemo-preventive agent against skin
cancer. The small size of the molecule
probably results in poor accumulation
and has not allowed attainment of effec-
tive therapeutic concentration at the
tumor site. Earlier studies showed that
localized drug delivery to the site of skin
tumor could be enhanced significantly
through the use of liposome-based drug
carriers (19,21,22). The present study fo-
cuses on an evaluation of chemo-preven-
tive efficacy of DAS upon its incorpora-
tion in egg PC as well as pH-sensitive
liposomes and their potential against
skin cancer in model animals.

The data of the present study establish
higher efficacy of both Lip-DAS (conven-
tional egg PC) and pH-Lip-DAS (pH-
sensitive) liposomes, which was assessed
on the basis of their ability to delay onset
of tumor induction, reduction in total
numbers of tumor papilloma formation,
and survival of the treated animals
among other factors. Lip-DAS liposomes
showed an efficient (84 percent) suppres-
sion of tumor growth, while its pH-
sensitive liposomal formulation was
found to be more effective and induced
around 94 percent tumor suppression (in
comparison to the untreated control
group). This clearly suggests that lipo-
somization offers a new and effective
option to increase the chemo-preventive
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and anticarcinogenic potential of DAS in
cancer therapy. The increased efficacy of
liposomized DAS could be attributed to
the fact that liposomes act as a sustained
release system allowing greater accumu-
lation of drug molecules at the tumor site
than that achieved by its free form
(29,38,39,40).

The higher efficacy of pH-Lip-DAS
over Lip-DAS could be attributed to the
fact that diallyl sulfide exerts its chemo-
preventive action by modulating apo-
ptotic factors present in the cytosol of the
cancer cells, therefore its access to the cy-
tosol is crucial for the desired anticancer
activity. In fact, pH sensitive liposomes
undergo phosphatidyl-ethanolamine-
mediated phase transition at acidic pH,
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Figure 6. Effect of various formulations of DAS on the expression of p21/Waf1 in mouse
skin tumors. Skin/tumor lysates were prepared as described in Materials and Methods
and proteins samples from various yroups were employed for Western blots. The level
of p21/wafl was assessed by Western blotting using anti-p21/Waf1 antibodies. To
quantify equal loading, membranes were reprobed with p-actin antibody. The inten-
sity of the bands was quantitated using Imayge Analysis soffware on an Image Gel
Documentation System. Lane 1, untreated; lane 2, DMBA + Acetone; lane 3, DMBA +
Cream; lane 4, DMBA + Sham-Lip; lane 5, DMBA + Sham-pH-Lip; lane 6, DMBA + Free
DAS:; lane 7, DMBA + Lip-DAS; lane 8, DMBA + pH-Lip-DAS and lane 9, Cream base

only with no DMBA.

thereby delivering their content to the
cytosol of the tumor cells (phosphatidyl-
ethanolamine is the main constituent of
these liposomes). The polar head group
of PE gets less hydrated as compared
with the repulsive hydration layer asso-
ciated with the head group of PC. Thus
PE provides a more hydrophobic bilayer
surface that is susceptible to energetically
more favorable interbilayer interactions.
The phospholipid PE not only facilitates
the close approach of bilayers, it may
also be involved directly in the merging
process. In this context, PE can form the
hexagonal H,; phase, the formation of
which involves the development of a
non-lamellar structure, an intermediate
in membrane fusion. The operative
mechanism seems to form the basis of

the observed higher efficacy of pH sensi-
tive liposomes over egg PC neutral lipo-
somes (41,42). In addition, the higher ef-
fectiveness of pH-sensitive liposome can
also be justified on the premise that sites
of greatest acidity in tumors are often
most distant from the tumor microvascu-
lature, incidentally conventional lipo-
somes often fail to reach such locations
(43,44,45), while pH-sensitive liposomes
overcome this problem.

The usage of liposomes as carrier of
anticancer agents including DAS has
added advantage as fatty acyl chains of
phospholipids may also impart anti-
cancer effect against various cancers. For
example, liposomes composed of phos-
phatidylcholine (PC) with 18:0 in the sn-1
position and one of the following fatty

RESEARCH ARTICLE

acids in the sn-2 position: 18:0, 18:1
omega 9 (oleic), 18:3 omega 3 (a-
linolenic), 20:4 omega 6 (arachidonic),
22:6 omega 3 (docosahexaenoic) have
been shown to possess antitumor effects
in vivo, leading to enhanced longevity of
the tumor-bearing host (46). It has been
reported that polyunsaturated phos-
phatidylcholine (PC) and phosphatidyl-
serine (PS) induce growth inhibition, dif-
ferentiation and apoptosis in Caco-2 cells
(47). Our preliminary studies show that
egg PC used in the present study is hav-
ing 18:0, 18:1 and 16:0, 16:1 fatty acid
analogs (data not shown). Similarly, pH-
sensitive liposomes also contain 18:1
oleic acids. Besides the intrinsic anti-
cancer effect of DAS, presence of unsatu-
rated fatty acids in liposomes also could
be considered as a potential component
to enhance the anticancer properties of
the DAS liposome formulation. The data
of the present study shows some level of
anticancer activity by sham liposome
preparation (with no DAS). However the
effect was not substantial and could be
attributed to the fact that the amount of
the anticancer fatty acids used in the
present study never touched the opti-
mum threshold levels required for their
anticancer effect as opposed to the effects
possible had we used phospholipids that
exclusively consisted of fatty acyl chains
with potent anticancer activity. Neverthe-
less, the present study clearly advocates
the notion that in future studies we can
always use tailor-made phospholipids
which are equipped with desired fatty
acyl chains having intrinsic anticancer
properties. This will certainly make lipo-
some-based formulations potential can-
didates for use as drug delivery systems
against cancer, including skin papilloma.
In the next phase of study, we deliber-
ated the effect of liposomized DAS on
various cell cycle regulating factors. The
tumor suppressor gene p53 is regarded
as a key factor in maintaining the bal-
ance between cell growth and cell death
(48,49). We have reported earlier that
DAS mediated modulation of p53 in
DMBA induced skin tumors in Swiss al-
bino mice (9). The importance of the p53
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gene can be drawn from the fact that this
gene is mutated in ~80 percent of all
human malignancies (50). Because of its
role in the regulation of the cell cycle, al-
terations in p53 levels are critical in car-
cinogenesis. High levels of activated and
stabilized p53 protein accumulate in the
nucleus in response to various forms of
cell stresses, including DNA damage
(51). Several nuclear localization signals
in the C-terminus of p53 facilitate its
transport to the nucleus where it is re-
quired in the regulation of transcription.
Having entered the nucleus, regulatory
mechanisms exist to control the export of
p53 back out to the cytoplasm, which is
required for its degradation (52). Acti-
vated p53 can induce cell cycle arrest,
DNA repair processes, and apoptosis.
These cellular outcomes are thought to
minimize the accumulation of deleteri-
ous mutations that could eventually con-
tribute to a given malignant phenotype
(53). Taking the above into consideration,
the role of p53 in the cytoplasm is clearly
secondary to its nuclear function, and
nuclear localization is essential for p53
activity. Indeed failure of wild type p53
to localize to the nucleus, either due to
defects in the ability to enter the nucleus
or hyperactive nuclear export, appears to
contribute to the inactivation of p53 in a
number of tumors (52,54,55). In tumors,
loss of p53wt prevents the activation of
this growth control pathway (56). The
failure to induce transcriptionally active
p53wt plays a role in the unregulated
growth of the tumors (57). Because the
balance between p53wt and p53mut
determines the fate of the cell, many
chemo-preventive agents are known to
exert their anticancer effects by modulat-
ing expression level of these molecules
(58,59). In fact, it is the intrinsic property
of DAS to modulate the balance between
wild and mutated p53 protein expres-
sion. The effect of DAS on p53wt and
p53mut gets more apparent upon its li-
posomization in neutral as well as pH-
sensitive liposomes.

The upregulation of p53wt by chemo-
preventive agents also is responsible for
the transcriptional induction of p21/

Wafl by directly interacting with its reg-
ulatory elements (57). As evident from
the present study, liposomization of DAS
in egg-PC or pH-sensitive liposomes en-
sued in upregulation of p21/Waf 1 as
compared with the free form of the drug.
The effect is more prominent in pH-
sensitive liposomes as compared with
neutral egg PC liposomes.

As the composition of the liposome is
similar to the components of cell mem-
branes, they are likely to get absorbed by
skin (60). To further increase the effect,
we formulated cream-based liposomal
formulations of DAS, which ought to im-
part better retention and penetration of
the compound. When a liposome-bearing
gel or cream is applied to the skin, the
deposited liposomes begin to merge with
the cellular membranes. In the process,
the liposomes release their payload of ac-
tive materials into the cells. As a conse-
quence, not only does this ensue in spe-
cific drug delivery of the active form of
the drug directly into the target cells, the
delivery also takes place over a longer
period of time (61).

The observed better efficacy of lipo-
somized DAS can be attributed to the
liposome-mediated enhanced penetra-
tion, retention, and accumulation of the
drug at the tumor site. Finally, we con-
clude that liposomal formulations of
DAS can be a promising strategy for can-
cer treatment. Liposomal formulations
not only overcome the problem of higher
elimination of the drug from tumors, but
the ability of liposomes to accommodate
several thousand molecules in a single
vesicle entity also helps in maintaining
the effective drug concentration at the
tumor site.
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