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Abstract: Small unilamellar vesicles from camel milk phospholipids (CML) mixture or from
1,2 dipalmitoyl-sn-glycero-3-phosphatidylcholine (DPPC) were prepared, and anticancer drugs
doxorubicin (Dox) or etoposide (ETP) were loaded. Liposomal formulations were used against
fibrosarcoma in a murine model. Results showed a very high percentage of Dox encapsulation
(~98%) in liposomes (Lip) prepared from CML-Lip or DPPC-Lip, whereas the percentage
of encapsulations of ETP was on the lower side, 22% of CML-Lip and 18% for DPPC-Lip.
Differential scanning calorimetry curves show that Dox enhances the lamellar formation in
CML-Lip, whereas ETP enhances the nonlamellar formation. Differential scanning calorimetry
curves also showed that the presence of Dox and ETP together into DPPC-Lip produced the
interdigitation effect. The in vivo anticancer activity of liposomal formulations of Dox or ETP
or a combination of both was assessed against benzopyrene (BAP)-induced fibrosarcoma in a
murine model. Tumor-bearing mice treated with a combination of Dox and ETP loaded into
CML-Lip showed increased survival and reduced tumor growth compared to other groups,
including the combination of Dox and ETP in DPPC-Lip. Fibrosarcoma-bearing mice treated
with a combination of free (Dox + ETP) showed much higher tumor growth compared to those
groups treated with CML-Lip-(Dox + ETP) or DPPC-Lip-(Dox + ETP). Immunohistochemical
study was also performed to show the expression of tumor-suppressor PTEN, and it was found
that the tumor tissues from the group of mice treated with a combination of free (Dox + ETP)
showed greater loss of cytoplasmic PTEN than tumor tissues obtained from the groups of mice
treated with CML-Lip-(Dox + ETP) or DPPC-Lip-(Dox + ETP).

Keywords: combination chemotherapy, BAP-induced tumors, immunohistochemistry

Introduction

Cancer treatment may include chemotherapy, radiation, and/or surgery. Besides
cancerous cells, chemotherapy also targets the normal cells and causes severe side
effects such as fatigue, sores in the mouth, diarrhea, nausea, vomiting, constipation,
blood disorders, hair loss, and immunosuppression.'? The existing treatment approaches
are not sufficient to cure cancer patients and, therefore, there are continuing efforts
to explore novel anticancer strategies. Some clinical regimens comprise multiple
noncross-resistant anticancer agents.*

DNA-modifying agents, such as anthracycline-based topoisomerase 11, inhibitors
and platinum-based drugs, have been explored in combination chemotherapy against
ovarian cancer, advanced breast cancer, endometrial carcinoma, and human lung
cancer cell lines or in vivo murine models.*® There has been drug synergism, where
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the coadministration of two drugs leads to a significantly
greater activity than the simple addition of the effects of
each drug component.!*-3

The side effects accompanying anticancer drug combina-
tion chemotherapy can potentially be reduced by encapsu-
lating them in the delivery systems.'*!* The most effective
therapeutic effect can only be achieved by exposing the tumor
cells to maximum drug concentrations. For this purpose, it
is important to retain two key attributes of liposomal anti-
cancer drug formulations, including 1) extended liposomes
(Lip) circulation for passive accumulation in tumors and
2) retention of the encapsulated drug until its delivery to the
tumor site.'"

Earlier studies culminated with the observation that
coating of Lip with polyethylene glycol (PEG), a synthetic
hydrophilic polymer, would improve their stability and
lengthen their half-lives in circulation.?*** These PEG-
coated Lip are also referred to as sterically stabilized or
stealth Lip. A longer blood residence time will result in
repeated passages through the tumor microvascular bed
of high concentrations of vesicles and, consequently, in
a greater efficiency of extravasation per unit volume of
convective transport. However, previous studies found that
adding PEG to vesicles did not enhance their extravasation
into the peritoneal cavity and suggest that PEG may inhibit
extravasation.”*® Lipid vesicles with a mean diameter of
100 nm exhibit longer circulation times than smaller or
larger vesicles with the same composition, which can be
expected to enhance their extravasation into the peritoneal
cavity, leading to a higher liposome accumulation into the
lymphatic drainage in tumors.?

Camel milk contains fat, protein, lactose, ash, and lactic
acid.?” The characterization of the phospholipids isolated
from camel milk predominantly showed the presence of
phosphatidylcoline, phosphatidylethanolamine (PE), phos-
phatidylinositol, and lysophosphatidylcholine.?® Recently we
showed that etoposide (ETP) encapsulated into camel milk
phospholipids (CML)-Lip possesses greater activity against
fibrosarcoma in a mouse model.? Cisplatin showed increased
antitumor efficacy in PE-containing Lip.* ETP encapsulated
in immunomodulator tuftsin-bearing Lip showed increased
antitumor activity.*

The present study was aimed to use anticancer drug
combination chemotherapy (coadministration of doxoru-
bicin [Dox] and ETP) in Lip prepared from CML. Small
unilamellar vesicles (~100 nm) were prepared from
CML mixture or from 1,2 dipalmitoyl-sn-glycero-3-
phosphatidylcholine (DPPC) loaded with Dox and ETP.

The in vivo activity of various Dox and ETP formulations
alone or in combination was tested against experimental
fibrosarcoma in a murine model. The Pfen, a tumor sup-
pressor gene, is mutated in a wide range of malignancies
and cancers.*! The PTEN opposes the PI3K-AKT-MDM?2
signaling pathway and thus regulates the p53 stability in a
phosphatase-dependent manner.?> The expression profile
of PTEN protein was assessed in treated and untreated
groups to evaluate the impact of pten genes in the develop-
ment and progression of tumors in the treated or untreated
groups of mice.

Materials and methods

DPPC was obtained from Avanti Polar Lipids Inc (Alabaster,
AL, USA). Dox and ETP were obtained from Tocris Biosci-
ence (Bristol, UK). Chloroform and methanol used in the
study were of spectroscopic grade. Ammonium sulfate, N-2-
Hydroxyethylpiperzine-N-2-ethanesulfonic acid (HEPES),
and Sephadex G-75 were obtained from Thermo Fisher
Scientific (Waltham, MA, USA). BAP and PTEN antibody
were purchased from Santa Cruz Biotechnology (Dallas, TX,
USA). Camel milk was collected from a 6-year-old, red camel
2 months postdelivery, in lactation period, from an Aljarbou
farm in Qassim, Saudi Arabia.

Liposome preparation and drug

encapsulation

CML were extracted from camel milk as described earlier.?
Lip from DPPC or CML mixture containing Dox or ETP were
prepared. The pH-gradient method for Dox encapsulation was
used. Briefly, Lip were prepared by dissolving the lipids in
chloroform. The solvent was subsequently slowly evaporated
using a rotary evaporator. Multilamelar large vesicles
(MLVs) were formed by adding 250 mM ammonium sulfate
(pH =5.3). The preparation was then treated by freeze—thaw
for ten cycles. The preparation was subsequently extruded
ten times each through 200 nm membrane and 100 nm
polycarbonate membranes using an extruder device Lipex
Biomembranes Inc, heated at 50°C. The size distribution of
the DPPC-Lip or CML-Lip before and after extrusion was
determined using the Mastersizer by Malvern Instruments
Ltd. Subsequently, the extruded Lip were passed through
Sephadex G-75, preequilibrated with 25 mM HEPES +
150 mM sodium chloride (NaCl) (pH =7.5) to create a
transmembrane pH gradient. Lip were incubated with Dox
at 60°C for 5 minutes. The mixed DPPC/Dox vesicles or Lip
prepared from CML (CML-Lip) with encapsulated Dox were
separated from unentrapped by filtration through a Sephadex
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G-75 column. Dox was assayed by the automatic high perfor-
mance liquid chromatography (HPLC) system equipped with
ultraviolet (UV)/visible spectroscopic detector 2489 (Waters
Corporation, Milford, MA, USA) at 210 nm.*

For ETP encapsulation, the thin film hydration method
was used. Briefly, Lip from DPPC or CML mixture were
prepared by dissolving the lipid and ETP in a mixture of
chloroform/methanol. The solvents were subsequently
evaporated in a rotary evaporator. MLVs were formed by
adding normal saline. The preparation was then treated by
freeze—thaw and extruded as described above. The extruded
DPPC-Lip-ETP or CML-Lip-ETP were separated from free
ETP through a Sephadex G-75 column. ETP was assayed
by the automatic HPLC system equipped with UV/visible
spectroscopic detector at 210 nm.

Drug release experiments

The release of Dox and ETP from Lip at 37°C was assayed
as follows: Dox containing Lip were first passed through a
Sephadex G-75 column equilibrated with 25 mM HEPES +
150 mM NacCl (pH 7.5), whereas ETP-containing Lip were
passed through a Sephadex G-75 column equilibrated with
normal saline to remove the free drug. The samples were
then placed in a plastic tube and incubated in a water bath
maintained at 37°C. Aliquots were removed at various times,
and the released drug was separated employing Sephadex
G-75 column. Vesicles were disrupted with ethanol and the
entrapped drugs were assayed by HPLC/UV spectroscopy
at 210 nm.

Differential scanning calorimetry

A conventional differential scanning calorimetry (DSC)
technique was applied for the study of DPPC MLVs and CML
MLVs using a Shimatzu DSC-60 calorimeter. DPPC or CML
mixture with Dox and ETP separately and in combination
were dissolved in chloroform or chloroform/methanol. The
solvents were then evaporated by rotary evaporator under
vacuum at temperatures above the transition temperature of
the phospholipids. For measurements, the dry residue was
dispersed in appropriate amounts of double distilled water
by vortexing. An aliquot (approximately 5 mg) was sealed
into stainless steel capsules obtained from Shimadzu. DSC
curves were obtained on a Shimadzu DSC-60 calorimeter.
Prior to scanning, the samples were held above their phase
transition temperature for 1-2 minutes to ensure equilibra-
tion. All samples were scanned at least twice until identical
curves were obtained using a scanning rate of 3°C/minute
for DPPC and 10°C/minute for CML mixture.

BAP-induced tumor model

Female BALB/C mice (2025 grams of weight) were obtained
from the animal house facility of King Saud University,
Riyadh, Saudi Arabia. All experiments were approved by
the animal ethics committee of the College of Pharmacy,
Qassim University, Buraydah, Saudi Arabia. Tumors were
induced chemically by injecting BAP dissolved in sesame
oil at a dose of 250 pg/mouse through subcutaneous route as
described earlier.*® After 100—120 days post-BAP injections
mice developed palpable tumors.

Treatment of tumor-bearing mice
Tumor-bearing mice were divided into 12 different treatment
groups, and each group comprised of ten mice. Mice were
divided into the following groups:

1) untreated control; 2) sham DPPC-Lip; 3) sham CML-
Lip; 4) free Dox 5 mg/kg; 5) Free ETP 5 mg/kg; 6) free
Dox + ETP, 2.542.5 mg/kg; 7) DPPC-Lip-Dox, 5 mg/kg;
8) DPPC-Lip-ETP, 5 mg/kg; 9) DPPC-Lip-(Dox + ETP),
2.5+2.5 mg/kg; 10) CML-Lip-Dox, 5 mg/kg; 11) CML-Lip-
ETP, 5 mg/kg; 12) CML-Lip-(Dox + ETP) and DPPC-Lip-
(Dox + ETP), 2.5+2.5 mg/kg.

Tumors were measured using Vernier calipers until they
reached a volume of 150-200 mm?. Various formulations
of anticancer drugs Dox and ETP alone or in combination
were administered intraperitoneally to treat tumor-bearing
mice once a week for 3 weeks. The first day of treatment was
considered day 0. The size of the tumors were calculated
according to following formula:

V=Dxd2xn/6 (1)

where V is tumor volume, D is biggest dimension, d is
smallest dimension. The efficacy of the treatment was
assessed by measuring the change in tumor size and analyzing
the survival of the untreated or treated mice.

Immunohistochemical study

After 3 weeks of chemotherapy, two mice from each group
were sacrificed, and paraffin embedded tissue-blocks were
made for immunohistochemical staining. The expression of
PTEN protein was evaluated by immunohistochemistry as
described earlier.® Briefly formalin-fixed, paraffin-embedded
tissues were cut in 5—-10 pwm thin sections followed by
deparaffinization, rehydration, and rinsing in phosphate-
buffered saline (PBS). After antigen retrieval, slides were
incubated with a monoclonal antibody for PTEN (Santa
Cruz Biotechnology), followed by a biotinylated secondary
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antibody. Sections were washed in PBS and then incubated
with streptavadin peroxidase. Finally, diaminobenzidine was
used as a chromogen, and sections were counterstained with
haematoxylin. A total of four fields from tissue sections
were chosen, and 100 cells from each field were calculated
at a magnification of 100x. Tumor cases were considered as
PTEN positive if more than 5% of cells showed cytoplasmic
positivite.

Statistics

Survival of the mice was analyzed by log-rank test using the
Kaplan—Meier curve. The sizes of tumors were compared
by one-way ANOVA using Prism software version 6.0
(GraphPad Software Inc, San Diego, CA, USA).

Results and discussion

Dox/ETP encapsulation and drug release
The vesicle size distribution of Lip after ten times extrusions
through 200 nm followed by ten times extrusion through
100 nm polycarbonate membrane was 75.5 nm and 113 nm for
CML-Lip and DPPC-Lip, respectively (results not shown).

Dox was encapsulated into DPPC-Lip or into CML-Lip
within 5 minutes at 60°C in response to a transmembrane
ammonium sulfate gradient, with trapping efficiency more
than 98%. ETP was encapsulated into DPPC-Lip and
CML-Lip with trapping efficiency not more than 18% and
22%, respectively. The extent of Dox and ETP uptake was
highly dependent on drug solubility and the method used for
drug encapsulation. Dox is an amphiphilic drug that can be
encapsulated in the hydrophilic as well as in the lipophilic
compartments of Lip. Also, the pH-gradient method can be
used for Dox encapsulation, with a very high efficiency. ETP
is lipophilic drug that can be incorporated in a small quantity
into the bilayer of Lip.

The retention of Dox or ETP within Lip was monitored at
37°C in a buffer for Dox and in normal saline for ETP. The
release of Dox from DPPC-Lip or CML-Lip after 24 hours
was 24% and 18%, respectively. The release of ETP after
24 hours from DPPC-Lip or CML-Lip was 26% and 19%,
respectively (Figure 1).

Thermal effects of Dox or ETP

in multilamellar vesicles composed

of DPPC or CML

We have applied conventional DSC to study the thermal
effects of Dox or ETP in multilamellar vesicles composed
of DPPC or a CML. The DSC curves for DPPC with or
without drug(s) are shown in Figure 2, and the corresponding
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Figure | Percent of drug released from liposomes at 37°C.

Notes: (0) CML-liposomes with doxorubicin; () CML-liposomes with etoposide;
(A) DPPC-liposomes with doxorubicin; (3x) DPPC-liposomes with etoposide.
Abbreviations: CML, camel milk phospholipids; DPPC, 1,2 dipalmitoyl-sn-glycero-
3-phosphatidylcholine.

calorimetric results are shown in Table 1. The size of a
cooperative unit (CU) of the main transition enthalpies was
calculated. Table 1 and Figure 2A show that DPPC multi-
lamellar vesicles exist in the gel phase from temperatures
lower than 36°C, and in the liquid crystalline phase for
temperature higher than 42°C. The presence of 3% Dox in

|A

ﬁﬁﬁ ﬁ

30.00 40.00 150.00

Temperature °C

Figure 2 DSC curves.

Notes: DSC curves for (A) DPPC, (B) DPPC with 3% (w/w) doxorubicin, (C) DPPC
with 6% (w/w) doxorubicin, (D) DPPC with 3% (w/w) etoposide, (E) DPPC with
6% (w/w) etoposide, (F) DPPC with 3% (w/w) doxorubicin and 3% (w/w) etoposide,
and (G) DPPC with 6% (w/w) doxorubicin and 6% (w/w) etoposide.
Abbreviations: DPPC, 1,2 dipalmitoyl-sn-glycero-3-phosphatidylcholine; DSC, dif-
ferential scanning calorimetry.
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Table | Data from DSC curves for different mixtures of DPPC with doxorubicin and etoposide either alone or in combination

Composition Pretransition (°C)

Main lipid phase transition (°C)

AH, Peak Start Peak End AH AT, Cooperative
(Kcal/mol) (°C) (°C) (°C) (°C) (Kcal/mol) (°C) unit (CU)

DPPC 0.59 36.67 40.76 41.67 4529 564 1.25 97

DPPC + doxorubicin (97:3 wiw) 0.35 35.86 40.50 42.01 4640 472 1.75 83

DPPC + doxorubicin (94:6 w/w) 0.27 35.80 40.70 42.16 48.45 3.63 2.56 74

DPPC + etoposide (97:3 wiw) - - 40.16 4142 4484 550 1.55 80

DPPC + etoposide (94:6 w/w) - - 39.82 41.40 4743 5.30 1.71 75

DPPC + doxrubicin + etoposide (94:3:3 w/w) - - 39.81 41.87 44.79 12.38 243 23

DPPC + doxrubicin + etoposide (88:6:6 w/w) - - 39.93 42.0 46.55 82 2.50 33

Abbreviations: AH , enthalpy of fusion; ATI/Z' half-width for the main transition peak;

differential scanning calorimetry; pre, pretransition.

DPPC multilamellar vesicles (Figure 2B) causes a decrease in
the phase transition temperature from 36.6°C to 35.8°C and
decrease in the enthalpy of fusion (AH) of pretransition and
main transition peaks with increase in main peak transition
from 41.6°C to 42°C and an increase of the width of the peak
for the main lipid phase transition from 1.25°C to 1.75°C.
Also, a decrease in the CU from 97 to 84 was observed. By
increasing the concentration of Dox to 6% (Figure 2C) the
width of the peak of the main lipid phase transition increases
to 2.56 and the CU decreases to 74. The area of the phase
transition AH and the height of pretransition and main tran-
sition peaks were decreased as the concentration of Dox
increased. At higher concentrations of Dox an abolishment
of the pretransition peak was observed (data not shown).

The pretransition peak was completely abolished in the
presence of 3% or 6% ETP (Figure 2D and E). The AH of
the main transition peak was decreased, and the width of the
peak was increased. Also, the size of CU was decreased.

In this study, the presence of Dox and ETP (3% or 6%)
together in the DPPC multilamellar vesicles produces an
increase in AH, height, and width of the main transition
peak, with abolishment of the pretransition peak (Figure 2F
and G; Table 1). Also, the size of the CU was dramatically
reduced. It can be concluded that the presence of Dox and
ETP together in the DPPC multilamellar vesicles produces
the interdigitation effect. The increase of AH is the most
diagnostic parameter for showing the interdigitation effect;
also, the increases in the height and width of the main transi-
tion peak with a decrease in the CU are strong indicators of
interdigitation effect.3>33 This interdigitation effect was not
observed for Dox or ETP alone.

Figure 3A shows the DSC curve for camel phospholipids
mixture. The DSC curve shows that the first highest transi-
tion peak of this mixture was observed at 42°C. It represents
the mixture of phosphatidylcoline, PE, phosphatidylinositol,
and lysophosphatidylcholine phospholipids mainly present

CU, cooperative unit; DPPC, 1,2 dipalmitoyl-sn-glycero-3-phosphatidylcholine; DSC,

in camel milk. In our recent study, the identification of these
phospholipids was done by gas chromatography-mass spec-
trometry and HPLC.?® Due to the presence of PE in CML
mixture, a second and third peak were also observed at 118°C
and 180°C, respectively. It is well known that natural PE is
the most abundant lipid in cellular membranes and can form
either lamellar or nonlamellar phases. The second broad curve
started at 85°C and ended at 122°C, indicating that the liquid
crystalline phase and the hexagonal phase (fully hydrated) of
PE phospholipids coexist. Transition from liquid—crystalline
phase of nonlamellar hexagonal phase transition temperature
(T,)has a low entropy (AH) (Table 2). The third peak at 188°C
represents the nonlamellar cubic phase (cubic formation) of
camel milk PE phospholipids.

A /
B
C
D
E
100.00 200.00 300.00

Temperature °C

Figure 3 DSC curves.

Notes: DSC curves for (A) camel milk phospholipid mixture, (B) camel milk
phospholipid mixture with doxorubicin 94:6 w/w, (C) camel milk phospholipid
mixture with etoposide 94:6 w/w, (D) pure doxorubicin, and (E) pure etoposide.
Abbreviation: DSC, differential scanning calorimetry.
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Table 2 Data from DSC curves for camel phospholipid mixture alone or with doxorubicine/etoposide

Composition T,(C)  AH,Glg) T, AH,(/8) T (C)  AH,, (g)
Camel phospholipid mixture 41.49 27.07 95.08 5.16 188.0 13.52
Camel phospholipids + doxorubicin (94:6 w/w) 39.99 30.47 Disappear - Disappear -

Camel phospholipids + etoposide (94:6 w/w) 39.56 14.68 105.74 10.2 194.98 5.07

Abbreviations: DSC, differential scanning calorimetry; T_, main transition temperature; AH_, enthalpy of fusion for hexagonal phase transition; T , hexagonal phase transition

temperature; AH,, enthalpy of fusion for the hexagonal phase transition; T,

cubic,

Figure 3D shows the DSC for pure Dox. The addition of
6% of Dox to the CML enhances the lamellar formation by
complete abolishment of both hexagonal and cubic phases
(Figure 3B). Small peaks were also observed between
200°C and 230°C due to Dox incorporation into CML.
Also, the presence of Dox reduces the main transition
temperature from 41.49°C to 39.99°C, with an increase in
the AH (Table 2).

Figure 3E shows the DSC curve for pure ETP. The addition
of 6% of ETP to the CML decreases the main transition tem-
perature to 39.56°C and also decreases AH (Table 2). The DSC
curve in Figure 3C shows that the presence of ETP into CML
mixture increases the hexagonal and cubic phase transition
and produces an increase in nonlamellar formation.

Coadministration of Dox and ETP
in CML-Lip showed increased activity
against experimental fibrosarcoma

in 2 murine model

The in vivo activity of formulations of Dox or ETP or a
combination of both was assessed against fibrosarcoma in
a murine model. Chemotherapy was started when tumors
attained the size in the range of 150-200 mm?®. Fibrosarcoma-
bearing mice were treated with a single weekly dose of
5 mg/kg of free or liposomal formulations of Dox or ETP or

-o- Untreated

-= DPPC-Lip

—4— Free Dox

-¥ Free ETP

—+— Free (Dox + ETP)

-~ DPPC-Lip-Dox

+ -8 DPPC-Lip-ETP

® —a— DPPC-Lip-(Dox + ETP)

Increase in tumor X
size (%)

Days posttreatment

cubic phase transition temperature; AH,

e €nthalpy of fusion for the cubic phase transition.

a combination of both for 3 weeks. Among the all treatment
groups, the tumors showed the least progression or delayed
growth in the group of mice treated with CML-Lip-(Dox +
ETP) compared to the groups treated with free (Dox + ETP)
or DPPC-Lip-(Dox + ETP) (Figure 4A and B). Once chemo-
therapy was stopped, there was a sharp progression in the
size of tumors, particularly in the groups of mice treated with
free formulations of drugs (Figure 4A and B).

Besides assessing the effect of chemotherapy on the
progression of the tumor size, the effects of various thera-
peutic formulations was also assessed on the survival of
tumor-bearing mice. Consistent with its effect in restrict-
ing the growth of tumors, chemotherapy with CML-Lip-
(Dox + ETP) imparted greater survival compared to those
treated with free (Dox + ETP) or DPPC-Lip-(Dox + ETP)
(Figure 5A and B). Tumor-bearing mice treated with
CML-Lip-(Dox + ETP) showed ~40% survival on day 90
postchemotherapy, whereas mice in the groups treated with
DPPC-Lip-(Dox + ETP) showed 30% survival (Figure 5A
and B). Mice treated with free Dox or free ETP or a
combination of both died within 60 days of starting chemo-
therapy (Figure 5A and B).

The characterization of the phospholipids isolated from
camel milk showed the presence of PE.*® Earlier studies have
shown the increased antitumor efficacy of PE-containing Lip
loaded with cisplatin or ETP.*° This is also confirmed by

-o- Untreated

-# CML-Lip

—4— Free Dox

-¥ Free ETP

—- Free (Dox + ETP)
-o- CML-Lip-Dox

= -8- CML-Lip-ETP

® _a~ CML-Lip-(Dox + ETP)

size (%)

Increase in tumor W

Days posttreatment

Figure 4 Effects of liposomal formulations of etoposide and doxorubicin against BAP-induced tumors.

Notes: Mice treated with (A) DPPC-Lip-(Dox + ETP), (B) CML-Lip-(Dox + ETP), or showed delayed tumor growth as compared to free drugs (P<<0.001); Data are values +
SD (n=10 at initiation of therapy; the number varies at later time points due some mortalities).

Abbreviations: BAP, benzopyrene; CML-Lip, camel milk phospholipids liposomes; Dox, doxorubicin; DPPC-Lip, 1,2 dipalmitoyl-sn-glycero-3-phosphatidylcholine liposomes;

ETP, etoposide; SD, standard deviation.
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A

—— Untreated —@- Untreated
120 -8 DPPC-Lip 120 -8 CML-Lip
—A— Free Dox (2 mg/kg) —A— Free Dox (2 mg/kg)
100 —¥- Free ETP (2 mg/kg) 100 -¥— Free ETP (2 mg/kg)
— —— Free (Dox + ETP) —_ —&— Free (Dox + ETP)
S ~O- DPPC-Lip-Dox & 80 -0 CML-Lip-Dox
= - DPPC-Lip-ETP = -+ CML-Lip-ETP
> 60 —&— DPPC-Lip-(Dox + ETP) 2 60 QD & CML-Lip-(Dox + ETP)
=] 40 3 40 ® A Q
(72} (%)
20 20
0 0
100 80 100
Days posttreatment Days posttreatment

Figure 5 Effects of liposomal formulations of etoposide and doxorubicin on the survival of tumor-bearing mice.

Notes: Various formulations of doxorubicin or etoposide loaded in (A) DPPC and (B) CML-Lip at the dose of 5 mg/kg were administered in tumor-bearing mice weekly
for 3 weeks; The first day of treatment was considered day 0; DPPC-Lip-(Dox + ETP) versus free (Dox + ETP) (P=0.0021); CML-Lip-(Dox + ETP) versus free (Dox + ETP)
(P=0.0025); DPPC-Lip-(Dox + ETP) versus DPPC-Lip (P<<0.0001); CML-Lip (Dox + ETP) versus CML-Lip (P=0.0002).

Abbreviations: CML-Lip, camel milk phospholipids liposomes; Dox, doxorubicin; DPPC-Lip, 1,2 dipalmitoyl-sn-glycero-3-phosphatidylcholine liposomes; ETP, etoposide.

Figure 6 PTEN expression in (A) untreated control, (B) free Dox + free ETP, (C) DPPC-Lip-(Dox + ETP), and (D) CML-Lip-(Dox + ETP)-treated fibrosarcoma-
bearing mice.

Note: The arrows indicate expression of tumor suppressor gene PTEN.

Abbreviations: CML-Lip, camel milk phospholipids liposomes; Dox, doxorubicin; DPPC-Lip, 1,2 dipalmitoyl-sn-glycero-3-phosphatidylcholine liposomes; ETP, etoposide.
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the results of the present study that showed greater efficacy of
CML-Lip-(Dox + ETP) compared to the DPPC-Lip-(Dox +
ETP) or free (Dox + ETP) as CML show a substantial
presence of PE. Furthermore, the codelivery of Dox and
ETP by DPPC-Lip (DPPC-Lip-[Dox + ETP]) or camel milk
Lip (CML-Lip-[Dox + ETP]) was more effective than single
drug formulation such as DPPC-Lip-Dox, DPPC-Lip-ETP,
CML-Lip-Dox, or CML-Lip-ETP, suggesting the use of
combination of drugs to treat cancers.

Loss of tumor suppressor PTEN in

BAP-induced tumors in mice

pten is a tumor suppressor gene, and loss of PTEN pro-
tein was noticed according to progression of tumors.3!
Thus, in the present study, the expression of PTEN was
studied to show the status of progression of tumors in
the groups of mice treated with free Dox + free ETP)
or DPPC-Lip-(Dox + ETP) or CML-Lip-(Dox + ETP).
Tumor tissues taken from the untreated group showed a
significant loss of PTEN (Figure 6A). The groups of mice
treated with CML-Lip-(Dox + ETP) or DPPC-Lip-(Dox +
ETP) showed less PTEN loss as compared to those
treated with free Dox + free ETP or untreated control
(Figure 6A—D). The results of the present study reaveled
that the loss of PTEN expression is associated with the
growth of tumors in the mice. Fibrosarcoma-bearing mice
treated with a combination of free (Dox + ETP) showed
much higher tumor growth and thus greater PTEN loss,
whereas the groups treated with CML-Lip-(Dox + ETP)
or DPPC-Lip-(Dox + ETP) showed restricted growth and
thus reduced PTEN loss.

Conclusion

It can be concluded that the codelivery of Dox and ETP
loaded in CML-Lip showed superior antitumor activity in
a murine model, making CML-Lip-(Dox + ETP) a novel
formulation for optimizing the delivery of anticancer drugs
in a combination chemotherapy.
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