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Abstract

Doxorubicin (DXR) is widely indicated as anticancer drug, but serious cardiotoxicity limits its clinical application. Recently,
Pravastatin (PS) is one of the statins that appear to possess a potential role in cancer therapy despite its hepatotoxicity.
Interestingly, drug delivery systems are designed for targeted and controlled delivery of one or more drugs loaded in
nanoparticles, holding an enormous potential in therapeutics. Therefore, the aim of the current study was to assess the
tolerability of a novel nanoemulsion formulation holding DXR and pravastatin (DXR+PS/LNE) in Swiss albino mice bearing
Ehrlich Ascites Carcinoma (EAC). The efficacy and tolerability of nanoemulsion formulation was assessed by monitoring
body weight changes, biochemical and histopathological profiles of cardiac and hepatic tissues. The formulated DXR+PS/
LNE has mean droplet diameter of 139.90+3.85 nm. The present findings indicated that DXR+PS/LNE caused a significant
decrease in body weight change and a 217.35 % increase in the mean survival time compared to EAC-challenged mice.
In addition, no significant changes in biochemical parameters were detected compared to corresponding controls. The
current preclinical results suggest that the nanoemulsion formulation of doxorubicin with pravastatin could be a promising
novel cancer therapy, in terms of tolerability.

Keywords: Cardiac Tissue, Ehrlich Ascites Carcinoma, Hepatic Tissue, Mean Survival Time, Statins, Transmission Electron
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1. Introduction other drugs to restrict the cancer progression. Various
T frontline chemotherapeutic agents, employed in oncology,
are having many challenges like rapid drug clearance, low
water solubility, low tolerability and non-specific tumor
targeting; thereby damaging healthy cells during the

Cancer is a potentially fatal ailment, caused by
uncontrolled proliferation and metastases of abnormal
cells. Chemotherapy can be defined as the use of

anticancer drugs either single or in combination with 1
treatment'.
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Doxorubicin (DXR) is an effective and wide
spectrum anticancer drug used to treat numerous
cancer types, including breast carcinoma, hepatocellular
carcinoma, ovarian carcinoma, and acute lymphoblastic
leukemia. Nevertheless, its clinical application is limited
due to its fatal cardiotoxic effects and dose-limiting
myelosupression®’. Many research studies proposed
multiple approaches to reduce the effective dose of DXR
and thereby its adverse effects’. DXR was incorporated
into different drugs and natural products in different
nanocarriers with the aim to improve its efficacy and
eliminate its adverse side effects* .

Statins are a drug class used for treating
hypercholesterolemia by  selective  inhibition of
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase enzyme. They have pleiotropic effects like
anti-inflammatory effects, antiproliferative and immune
modulatory effects, plaque stability and prevention of
platelet aggregation. Statins are indicated to prevent and
treat many diseases including coronary artery diseases'"'>.
Enormous research-based data reported that statins
including pravastatin (PS) mediates inhibitory functions in
tumor growth by upregulating apolipoprotein Al thereby
potentiating antineoplastic activity including the cytostatic
effect (G1/S phase arrest), proapoptotic activity such as
glioma, leukemia cell lines, neuroblastoma, melanoma and
antimetastatic properties'>'*.

A considerable number of studies were performed to
assess the antitumor potential of statins with or without
anticancer drugs. However, it is the combination of
statins with other chemotherapeutic agents that could
significantly improve the cytotoxicity and tolerability
greater than drug alone®®'>'¢. In early metastatic cancers,
a combination of statins with a cytotoxic agent was more
effective, yielding synergistic effect in experimental
models and clinical settings'>'"'8.

There are conflicting reports associating statin use
and cancer outcomes like mortality and/or survival
rates””. However, statins can enhance the efficacy of
the chemotherapeutic agents and attenuate chemo-
resistance'®. Moreover, statins prolonged the survival
rates of hepatocellular carcinoma patients and reduced
risk to colorectal cancer and breast cancer®-*.

Nanotechnology is a cutting-edge technology
helpful in designing and developing novel drug delivery
systems, offering increased drug loading and better
drug permeation leading to enhanced bioavailability of
the anti-tumor drugs. Nanoemulsion (NE) is a colloidal

Vol 13 (1) | 2021 | www.informaticsjournals.org/index.php/ajprhc

heterogeneous system comprising of two immiscible
liquids in which liquid droplets of one liquid (with
diameters ranging from 1 to 100 nm) are dispersed in the
other liquid”. Anti-tumor drugs loaded in NE systems
are more effective against cancer cells as compared to
conventional delivery systems. This could be attributed
to the synthesis of a thermodynamically stable aqueous
dispersion system with lesser polydispersity index,
smaller particle size and zeta potential by superior drug
stability in the NE**,

Therefore, the aim of the current study was to assess
the tolerability of a novel nanoemulsion formulation
holding DXR and pravastatin (DXR+PS/LNE) in Swiss
albino mice bearing Ehrlich Ascites Carcinoma (EAC).

2. Materials and Methods

2.1 Materials

DXR hydrochloride and PS sodium were procured from
Pharmacopeia (CA, USA). 1-Octanol was obtained
from Afla Aesar (GmbH & Co KG Karlsruhe, Germany).
Sodium oleate (SO), Soya phosphatidyl choline (SPC),
polyoxyethylene glycerol trihydroxy stearate 40
(Eumulgin HRE 40, EU) and tris (hydroxymethyl)
amino methane, were purchased from Leo Chem India
(Seshadripuram, Bengaluru, India). Cholesterol as
the oil phase was purchased from Jechno Pharmacies
(Bahadurgarh, Haryana, India). Water purification
system (Bibby Sterilin Itd, UK) was used to freshly
prepare distilled water. Pravastatin (PS) was generously
gifted by Jamjoom Pharma, Jeddah, Saudi Arabia.

2.2 Experimental Animals

Adult female mice (Swiss albino) of 9 weeks old weighing
between (25-30g) were used throughout this study. The
mice were housed in big animal cages having maximum
five mice per cage. They were kept under normal
conditions ((23°+2° C; 12 hour dark/light cycle) and were
provided with standard pellet feed and drinking water ad
libitum. Cells of Ehrlich ascites carcinoma (EAC) were
purchased from American Type Tissue Culture Collection
(Manassas, VA, USA). The current study was performed
in accordance with the guidelines for the care and use of
laboratory animals approved by the Institutional Animal
Ethics Committee, Faculty of Medicine, King Abdulaziz
University, Jeddah, Saudi Arabia (approval ref. no.
189/247/1433).

Asian Journal of Pharmaceutical Research and Health Care I 18 -



Doxorubicin Supplemented with Pravastatin in Lipid Nanoemulsion Induces Antineoplastic Activity ...

2.3 Methods

2.3.1 Nanoemulsion Preparation

Preparation of NE formulation was carried out as
described elsewhere®. Briefly, solid surfactants (1.25 %
w/w) were mixed in a preset ratio of 3.5 (EU): 3.0 (SPC):
3.5 (SO). This was followed by the addition of cholesterol
(0.125 % w/w) as an oil phase gradually to the surfactant
mixture pending the formation of a semisolid phase.
Thereafter, 1-octanol (1 % w/w) was added drop by drop.
At last, the aqueous phase containing warm Tris-HCl
buffer (97.63 % w/w; pH 7.22) was added to dilute the
mixture. A clear and transparent mixture was obtained
by keeping the mixture in a water bath at 75°C for 3
hours which resulted in NE formulation. The resulting
formulation was stored at 25°C.

Various NE formulations used in the study were as
follows: blank nanoemulsion (BL-NE), DXR loaded-LNE
(DXR/LNE), prepared by dissolving DXR (2 mg/kg mouse
body weight (BW)) in 0.2 ml of LNE. Combined DXR-PS
loaded-LNE at 1:2 ratio (DXR+PS/LNE), produced by
dissolving PS (4 mg/kg mouse BW) in 0.2 ml NE with
DXR (2 mg/kg mouse BW). PS loaded-LNE (PS/LNE),
formed by solubilizing PS (4 mg/kg mouse BW) in 0.2 ml
NE. The 0.2 ml of other treatment groups were prepared
by solubilizing the drugs in 0.2 ml of distilled water
instead of 0.2 ml of NE including DXR-Solution (DXR-
Sol), and the Combination-Solution (DXR+PS-Sol).

2.3.2 Transmission Electron Microscope (TEM)

The morphology and droplet size distribution of the LNE
formulations were viewed using TEM (CM 100, Philips,
Holland). Briefly, a sample droplet was applied on copper
grids of the electron microscope which were stained
with phosphotungstic acid (PTA) 2 % (w/v) for 30 sec,
and then excess acid was wiped with filter paper. It was
followed by washing the grid with distilled water and then
excess water was wiped with filter paper. After drying, the
sample was observed using the TEM*.

2.3.3 In-vivo anti-tumor activity

The in-vivo antitumor activity was evaluated for
various drug formulations as per the regimen suggested
elsewhere”
the ascetic form by repeated passages in the mice every

10" day. On the 8" day following transplantation, the

. Briefly, EAC cells were retained in-vivo in

- 19 | Vol 13 (1) | 2021 | www.informaticsjournals.org/index.php/ajprhc

ascetic fluid was withdrawn from EAC bearing mice.
Prior to injection, viable EAC cells were collected from
the peritoneal cavity and counted using the trypan blue
exclusion test.

The mice were allocated into eight groups (20/group)
as described in (Table 1). The body weight of each mouse
was recorded prior to injecting with EAC cells. All groups
were intraperitoneally injected with (2x10° cells/mouse)
on day 0 except group I kept without injection. Group I
was the control while group II was considered as EAC-
challenged group. After 24 hours, animals in all remaining
groups (III-VIII) received treatments every alternate day
as illustrated in (Table 1).

Table 1. Treatment Allocation for Groups (n=20)

Group Treatment
GroupI | Normal - Saline (200uL)
Group II | EAC challenged
Group IIT | BL-NE (0.2 mL)
Group IV DXR/LNE (2mg DXR/Kg) solubilized in 200
uL NE
Group V| DXR-Sol (2 mg DXR/Kg) in 200 pL saline
DXR+PS/LNE (2 mg DXR/Kg with 4 mg of
Group VI 1 pg/Kg) solubilized in 200 L NE
DXR+PS-Sol (2 mg DXR/Kg with 4 mg PS/
Group VI | 10y in 200 L saline
Group VIII IIzISFf)LNE (4 mg PS/Kg) solubilized in 200pL

On the 15" day, 10 mice (from each group) were
kept fasting for 24 hours, and BW of individual mouse
was recorded. Blood samples were collected from retro-
orbital plexus for assessment of biochemical parameters.
Then, animals were sacrificed by cervical dislocation.
Then, the representative hepatic and cardiac tissues were
resected from each group and kept in 10% formalin
saline solution for histopathological examination. The
remaining animals (ten per group) were set aside for the
survival study.

2.3.4 Organs Weight

Instantaneously after sacrifice, the heart and liver from all
animals were excised, cleansed with normal saline, dried
against blotting paper and then weighed using calibrated
weighing balance. The organ weight-to-body weight ratio
was calculated as follows:
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Post - sacrifice organs (heart or liver) weight (1)

Organ - to - body weightratio =
rgan —to= fodywetghtratio Pre - sacrifice body weight of the animal

2.3.5 Biochemical Parameters

A fully automated COBAS® 8000 modular analyzer was
used to assess the biochemical assays by following the
standard kit methods. Briefly, blood samples were kept to
clot and serum was separated by centrifugation at 5000
rpm for 10 min. Sera were used to estimate biochemical
hepatic parameters like alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase
(ALP), and bilirubin (BIL). In addition, cardiac enzymes
as creatine phosphokinase-MB (CK-MB) and lactate
dehydrogenase (LDH) were also assessed.

2.3.6 Histological Evaluation

Paraffin blocks were prepared for hepatic and cardiac
tissue, and then cut at 4 micron thickness by means of
a microtome. After deparaffinization, slides were stained
with hematoxylin and eosin (H & E), then examined
under light microscope (Eclipse 50i, Nikon Corporation,

Japan).

2.3.7 Survival Study

The survival study started by observing the animals
from the first week of experiment until the end of the
study, i.e. 12" week. Daily monitoring and recording of
the mortality were done for 60 days to assess the mean
survival time (MST), increased life span percentage (%
ILS) and survival percentage (% S). The MST, % ILS and
% S were calculated based on the following equations®.

(Day of the first death+Day of the last death)
2

MST =

o [ (Mean survival time of treated group)
K’ ILS = (Mean survival time of control group)

- 1] X100 (2)

No. of animals surviving after treatment period
%S = : g period) 100
(No.of animals before treatment period) (3)

2.4 Statistical Analysis

All values were expressed as mean + SD obtained from
each experimental group (n = 10). Statistical analysis was
carried out using one-way analysis of variance (ANOVA)
test followed by Tukey’s post-hoc test. All statistical
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analyses were performed using GraphPad Instat software
(version 3, San Diego, CA, USA). All graphs were prepared
using GraphPad Prism software (version 5.01, San Diego,
CA, USA). The significant difference was considered
when P-value < 0.05.

3. Results

3.1 Morphological Characterization of the
Drug-Loaded Nanoemulsion

The morphology and droplet sizes of the drugs-LNE
formulations (DXR/LNE, PS/LNE, DXR+PS/LNE) were
distinctly seen in the TEM images. As illustrated in
(Figure 1), drugs-LNE formulations have semi-spherical
droplets. The mean droplet size of DXR/LNE was
8.50+1.57 nm (range 6.90-10.08 nm) while the size of
the mean droplets of PS/LNE was significantly increased
to 21.9243.91 nm (range 17.98-25.80 nm) (Table 2).
DXR+PS/LNE has mean droplet sizes of 139.95+3.85 nm
(range 136.13-143.81 nm) which was significantly bigger
than the mean droplet sizes of the other single drug-LNE
formulations (Table 2). The homogenous distribution of
droplets without aggregation or adhesion was observed
in all drugs-LNE formulations. The observed percentage
of the coefficient of variation (% CV) for droplet size was
less than 20%.

DOX+PS/LNE

DOX/LNE PS/LNE

Figure 1. Microphotographs of DXR/LNE, PS/LNE,
DXR+PS/LNE using transmission electron

microscopy.
Table 2. TEM determined droplet size of the drug-
loaded nanoemulsion
Droplet
Drug. . Droplet Diameter % CV
Formulations | Diameter (nm)
Range (nm)

DXR/LNE 8.49+1.57# 6.90-10.07 18.56
PS/LNE 21.92+3.90+ 17.97-25.80 17.88
DXR+ PS/LNE | 139.90+3.85*# | 136.13-143.81 2.48
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Droplet diameters were expressed as mean + SD, n =
10. % CV: Coeflicient of variation determined through
dividing the standard deviation by the mean and then
multiplying by 100. Statistical analysis was carried out
using one-way ANOVA followed by Tukey’s post-hoc test.
“Statistically significant differences from DXR/LNE at p <
0.05. *Statistically significant differences from PS/LNE at
p <0.05.

3.2 Assessment of Toxic Effects of Different
Formulations

3.2.1 Body Weight Change and Organ Weight
Ratios

As displayed in (Table 3), a significant body weight loss
was observed in different formulations including DXR/
LNE, DXR-Sol, DXR+PS/LNE, DXR+PS-Sol and PS/
LNE groups in comparison with EAC-challenged group.
Although, the average BW in the EAC-challenged group
was higher than the control animals, a significant change
in BW for BL-NE group was observed to be more than
that change in EAC-challenged group. Interestingly, after
15 days the BW of both DXR soluble formulations (DXR-
Sol and DXR+PS-Sol) treated groups were obviously
less than the control group. On the other hand, the BW’s
of other treated groups were significantly higher than
the control group except (DXR+PS/LNE) group was
comparable to the control group.

The changes due to different treatments on the heart/
BW ratio are presented in (Table 4). Animals treated
with (DXR-Sol, DXR/LNE, DXR+PS/LNE, PS/LNE and
DXR+PS-Sol) did not show any significant difference
from the control group. However, EAC-challenged,
BL-NE and DXR/LNE groups presented a significant
drop in the heart/BW ratio. In contrast, the effect of the
drug formulations on the liver to the body weight ratio
(Table 4) showed no significant change in all groups in
comparison to the control group except DXR+PS-Sol

group exhibited a significant rise in the liver/BW ratio.

3.2.2 Assessment of Cardiac Enzymes and
Histopathology

The effect of different treatments on the cardiac enzymes
namely CK-MB and LDH activities is presented in (Figures
2A &2B). The observed CK-MB activity has no significant
difference for both DXR+PS/LNE and the control groups,
but it was significantly raised above that of control group
upon treatment with other groups including DXR-Sol,
DXR+PS-Sol PS/LNE and DXR/LNE. Although CK-MB
activity in all treated groups was within the normal range
(50-680 1.U./1) for mice, it was near the upper reference
limit in both DXR-Sol and DXR+PS-Sol. Regarding
LDH, its activity was significantly elevated in all treated
groups when compared to the normal group (Figure 2B).
However, the increase in the LDH activity was within the
normal range (85- 750 1.U./1) in all treatments, except
three groups namely DXR-Sol, DXR+PS-Sol and PS/

Table 3. Effect of different treatments on body weight changes in EAC-bearing mice
Animal Group Body Weight (g)
Weight in Day 0 Weight in Day 15 Change in weight (g)

Control 28.35+1.84 30.27 £ 2.57 1.91 + 146#
EAC-challenged 27.66 £ 1.75 42.05 £ 2.04 14.38 + 2.42*#
BL-NE 27.71 £ 1.74 45.72 £ 5.68 18.01 + 554*#
DXR/LNE 26.26 £ 1.02 34.06 +1.73 7.81 + 1.61*#
DXR-Sol 26.91 £1.99 21.09 £ 2.27 -5.83 + 2.54*
DXR+PS/LNE 2579+ 1.84 29.73 £2.13 3.94 + 2.59*#
DXR+PS-Sol 27.08 £ 1.87 23.68 £ 4.16 -3.39 £ 3.33*
PS/LNE 27.09 £1.95 37.21 £5.05 10.17 + 5.13*#

Results were expressed as mean + SD, n = 10

Statistical analysis was based on one-way ANOVA, and then Tukey’s post-hoc test

“Statistically significant differences from the control at p < 0.05

*Statistically significant differences from the DXR-Sol group at p < 0.05
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Table 4. Effect of different treatments on heart/body weight and liver/body weight ratios in EAC-bearing mice

Animal Group Heart/BW Liver/BW
Control 0.005 +0.001 0.048 + 0.007
EAC-challenged 0.003 + 0.001# 0.043 + 0.004
BL-NE 0.004 + 0.001# 0.042 + 0.003
DXR/LNE 0.004 + 0.001# 0.051 + 0.004
DXR-Sol 0.006 + 0.001 0.048 + 0.009
DXR+PS/LNE 0.005 + 0.001 0.051 + 0.007
DXR+PS-Sol 0.005 +0.001 0.070 + 0.022#
PS/LNE 0.005 + 0.001 0.039 £ 0.006

Data were expressed as mean + SD, n = 10

Statistical analysis was based on one-way ANOVA, and then Tukey’s post-hoc test.
*Statistically significant differences from the corresponding control at p < 0.05.

LNE groups. In fact, the rise in LDH activity recorded for
the DXR-Sol was higher than that of DXR+PS-Sol group.

Histopathological examination of the mice heart
tissues in both the control and EAC-challenged groups
showed a normal pattern with no inflammatory cell
infiltration (Figures 3A & 3B). BL-NE treated mice (Figure
3C) showed normal morphology of myocardium roughly
similar to the EAC group except endured karyolysis
found in some nuclei, while other cells were pyknotic.
Treatment with DXR-Sol and DXR+PS-Sol (Figures
3D & 3E; respectively) showed cardiac tissue damage
as manifested by myofibrillar fragmentation, blocking
of blood vessels, enhanced vacuolization of cytoplasm
with some nuclear changes like karyolysis and pyknosis.
Treatment with DXR/LNE, DXR+PS/LNE (Figures 3F &
3G, respectively) ameliorated myocardial degeneration
illustrated by mild disruption of myocardial fibers and
decreased vacuolization. As seen in Figure (3H), PS-LNE
group developed myocardial degeneration, comprising
of blood vessel congestion, myofibril fragmentation, and
few nuclei showing karyolytic and pyknotic changes.

[ Contra

] =

ES DOXANE

D DOX-Sol

DOX+PS/LNE

CK-MB activity (IULL)
LDH activity (lU/L)

Figure 2. Effect of different drug formulations on A) CK-
MB activity, B) LDH activity in EAC bearing
mice.
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Results were expressed as mean + SD, n = 10. Statistical
analysis was based on one-way ANOVA, and then Tukey’s
post-hoc test. "Statistically significant differences from the
corresponding control at p < 0.05. *Statistically significant
differences from the corresponding DXR-Sol group at p
<0.05.

3.2.3 Assessment of Hepatic Parameters and
Histopathology

The assessed activities include liver enzymes (ALT, AST,
ALP) and total bilirubin concentration in EAC bearing
mice are shown in Figures 4A, 4B, 4C & 4D; respectively.
All DXR-treated groups including DXR-Sol, DXR/LNE,
DXR+PS-Sol and DXR+PS/LNE showed significant
increase of all assessed parameters when compared to
the corresponding control group. However, DXR+PS/
LNE group was able to ameliorate the harmful effect of
DXR treatment, being capable of reducing all measured
markers significantly from the DXR-Sol group. In
addition, the PS/LNE group showed a significant decline
from the DXR-Sol group in all assessed parameters. For
ALT and ALP activities (Figure 4A & 4C), there was a non-
significant change in EAC-challenged and BL-NE groups,
compared to the corresponding control group. However,
both groups did have significant rises from the control
group for AST activity and total bilirubin concentration
(Figures 4B & 4D).

Light microscopic examination of the hepatic sections
of the control and EAC-challenged groups revealed a
normal hepatic histological pattern (Figure 5A & 5B).
BL-NE group showed some vacuoles formation (Figure
5C). The hepatocytes were arranged as sheets close
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Figure 3. Histopathological examination of mice cardiac muscle stained by H&E (X400).
A) Control group shows normal cardiac muscle architecture; B) EAC-challenged group shows normal cardiac
muscle architecture; C) BL-NE group shows few cardiac muscles enduring karyolysis (K) while others are pyknotic
(P); D) DXR-Sol group shows damaged cardiomyocytes manifested by enhanced vacuolization (V), myofibrillar
fragmentation (F) and congestion of blood vessel (B); E) DXR/LNE group reveals minor morphological alteration
of the cardiac muscles with mild degree of vacuolization and damage; F) DXR+PS-Sol group shows marked
fragmentation (F), vacuolization (V) and some karyolytic (K) and pyknotic (P) nuclei; G) DXR+PS/LNE group
shows almost normal cardiac muscle architecture with some changes like karyolysis (K), pyknosis (P), and
cytoplasmic vacuolization (V); H) PS/LNE group shows blood vessels congestion (B), fragmentation of myofibrils

(F) and few karyolytic nuclei (K).

to the central vein in an unsophisticated and regular
way in a normal hepatic architecture. In contrast,
mice received (DXR-Sol) treatment showed massive
pathological alterations (Figure 5D), manifested as
marked deterioration of hepatic tissue, appeared as empty
vacuoles. Many hepatic cells attached together, forming
areas of degenerated cells and losing normal histological
characteristics. Moreover, the central vein and sinusoidal
spaces were dilated and congested, accompanied by
activation of the inflammatory Kupffer cells. Interestingly,
the (DXR+PS-Sol) group underwent milder pathological
alterations as compared to (DXR-Sol) group as detected
in (Figure 5F), evident by modest degree of degenerated
hepatocytes, central vein dilation, proliferation of
activated Kupffer cells and cytoplasmic vacuolization.
On the contrary, hepatic histological findings of (DXR/
LNE), and (DXR+PS/LNE) groups-shown in (Figures
5E & 5G; respectively) - were comparable to the control
group, showing almost normal hepatic architecture. The
(PS/LNE) group showed degeneration of few hepatocytes,
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moderate hemorrhage in central vein, and presence of
Kupffer cells (Figure 5H).

[ Control (0 DOX-Sol
B EACchalenged DOX+PS/LNE
EI 2] BLNE DOX+PS-Sol
1 DOXILNE & PSILNE
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Effect of different drug formulations on serum
enzymatic activities of A) ALT, B) AST, C)
ALP in addition to D) serum total bilirubin
concentration in EAC bearing mice.
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Table 5. The effect of different treatments on MST, % ILS and % S

Animal Group MST (days) %ILS %S
Control 80.0 £ 2.56 - 100
EAC-challenged 21.9+1.73 - 0
BL-NE 22.5+2.22 2.74 0
DXR/LNE 80.0 £3.25 265.29% 100*
DXR-Sol 34.6 £ 8.88 57.99% 0
DXR+PS/LNE 69.5 £17.62 217.35* 70%
DXR+PS-Sol. 48.8 £ 25.06 122.83* 30*
PS/LNE 24.0 £2.94 9.59 0

Results were expressed as mean + SD, n =10
Statistical analysis was based on one-way ANOVA, and then Tukey’s post-hoc test
*Statistically significant differences from the corresponding EAC-challenged group at p < 0.05

Results were expressed as mean + SD, n = 10. Statistical 3.2.4 Survival Study
analysis was based on one-way ANOVA, and then Tukey’s
post-hoc test. *Statistically significant differences from the
corresponding control at p < 0.05. *Statistically significant
differences from the corresponding DXR-Sol group at p
<0.05.

The effect of tested formulations on mean survival time
(MST), percentage increase in lifespan (% ILS) and
survival percentage (% S) is illustrated in (Table 5). The
MST of the EAC-challenged group did not significantly

Figure 5. Histopathological examination of mice liver stained by H & E (X400).

A) Control group exhibits normal histopathological structure; B) EAC-challenged group is similar to the
previous control group; C) BL-NE group shows radially-arranged hepatocytes with some vacuoles formation (H)
surrounding the central vein (CV) and blood sinusoids (S) with vacuoles (V) and Kupffer cells (KP); D) DXR-
Sol group reveals pronounced degenerated hepatic cells (H) with the central vein (CV) markedly dilated with
hemorrhage and the blood sinusoids (S) are infiltrated with RBCs (RC) and activated Kupffer cells (KP); E) DXR/
LNE group presents nearly normal histological structure of the liver; F) DXR+PS-Sol group exhibits moderate
degenerated hepatocytes (H), mild degree of central vein dilation (CV), activated Kupfter cells (KP) and vacuoles
(V); G) DXR + PS/LNE group shows almost normal hepatic architecture; H) PS/LNE group displays moderate
degree of central vein hemorrhage (CV), few degenerated hepatocytes (H) with some Kupffer cells (KP).
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vary from those of (PS/LNE) and (BL-NE) groups. Yet,
a significant difference was observed in the MST of
the EAC-challenged group and all the treated groups
receiving DXR. Interestingly, the highest MST (80+0
days) was recorded for the DXR/LNE group, whereas the
lowest MST (34.6+8.877 days) was recorded in the DXR-
Sol group. The MST of (DXR+PS/LNE) was significantly
greater than that of (DXR+PS-Sol). The increases in
lifespan (% ILS) in (DXR/LNE), (DXR+PS/LNE) and
(DXR+PS-Sol) were 4.5, 3.75 and 2.11 folds, respectively;
as compared to (DXR-Sol) group. It is worthy noted that
the % ILS of (DXR+PS/LNE) was 1.8-fold greater than
that of (DXR+PS-Sol). Further, the survival percentage
(% S) of (DXR+PS/LNE) and (DXR+PS-Sol) were 70 %
and 30 % respectively, while the (DXR/LNE) group had a
100 % survival percentage.

4. Discussion

Cancer is one of the major causes of mortality worldwide
and the failure of conventional chemotherapy to
reduce mortality rates indicates that there is a critical
requirement of new approaches'. Many anticancer drugs
are non-specific, thus they accumulate both in tumorous
cells and the normal cells. It is well established that newer
approaches in drug delivery are more specific thus limits
the toxicity of anticancer agents. Few experimental studies
have shown that the antitumor agents bound to polymeric
nanoparticle prolongs drug retention in tumors, increase
survival of tumor bearing animals and shrinks tumor
growth?*. Experimental and epidemiological studies
have suggested that statins (3 HMG-CoA reductase
inhibitors) may have potential protective effect against
cancer progression. A few experimental studies suggested
that statins can induce synergistic antitumor activity
when combined with conventional chemotherapeutics'.
LNE size is an important factor determining the
rate of activity, cellular interaction, internalization and
subcellular distribution®. In our study, the mean droplet
sizes of DXR/LNE were similar to other previous studies
demonstrating incorporation of DXR into the NE
formulations***. The mean droplet diameter of DXR+PS/
LNE formulation was more than 16 and 6-fold larger than
the droplet sizes of the DXR/LNE and PS/LNE suggesting
successful encapsulation of DXR and PS. The amount
of hydrophilic PS was twice the amount of DXR which
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might enhance the steric hindrance between the drugs
and could reduce the droplets packing.

Animals body weight is considered as an indicator of
general healthin models of chemotherapy-induced fatigue.
In confirmation with earlier studies, there was a significant
more than 7-fold weight gain in EAC challenged group®’.
Compared to the EAC challenged, DXR+PS/LNE treated
animals showed a significant more than 3-fold weight loss.
However, animals treated with DXR-Sol showed around
2-fold weight loss than DXR+PS/LNE indicating reduced
tumor burden. Our results were similar to prior studies
which reported that DXR causes significant weight loss of
rats*'. The weight loss in DXR group could be attributed to
the diminished appetite that might be due to peripheral
(stomatitis and gastroenteritis) and/or central (induction
of chemotherapy trigger zone or vomiting center)
mechanisms*. Moreover, we observed that the DXR/LNE
group had a significant weight loss as compared to the
EAC challenged group. A previous study reported that PS
inhibited cellular proliferation of hepatocarcinoma cells
both in in-vitro and in-vivo models”. On comparing the
results of our study with earlier studies, treatment with
the DXR+PS/LNE restricted both weight loss and weight
gain as observed with DXR and EAC challenged groups,
respectively.

In the present study we assessed the ratio of organ
weight to body weight to evaluate the toxicity of the drug
formulations on the organ. No significant change was
observed in ratio of heart weight to body weight in mice
treated with DXR 2 mg/kg in comparison to the normal
group. However, a significant increase in liver weight
to body weight ratio of DXR+PS-Sol treated group
was observed as compared to the normal group. Unlike
DXR+PS/LNE, DXR/LNE and DXR treated groups did
not show any change in liver weight to body weight ratio.
It was reported that rats treated with DXR 15 mg/kg for
2 weeks have considerable increase in ratios of heart and
liver weights to body weight as compared to untreated
rats””. An enlarged liver (hepatomegaly) is a symptom
of an underlying disease, such as hepatic disorder, heart
failure or cancer. Inflammation caused due to infection,
toxins, drugs and an increased Kupffer cell activation
are some of the mechanisms related to hepatomegaly*.
From our results, we found that DXR+PS/LNE offers
better protection for hepatomegaly as compared to the
DXR+PS-Sol.
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DXR is a very potent antibiotic with antitumor
activity but its use is limited because of its toxic effects
on heart and liver as it has been established in various
animal models®'. In a malignant tumor, the tumor marker
enzyme change reflects an overall metabolic change
and thereby, serves as crucial parameter for tumor cell
sensitivity and specificity. Biochemical parameters and
enzymatic activities of NE formulations were monitored
to evaluate the cardiotoxicity and hepatotoxicity. The
findings of our study revealed that mice administered
with DXR-Sol and DXR+PS-Sol had a significant raise
in the serum hepatic enzymes levels (ALT, AST and
ALP) compared to the normal group. The elevated
activities of serum transaminases (AST and ALT) are
related to hepatic dysfunction in tumor-bearing mice.
These findings are in agreement with an earlier study
which reported a marked increase in serum ALT, AST,
and ALP activities manifested as hepatotoxicity post
DXR treatment intraperitoneally at a cumulative dose
of 12 mg/kg”. ALP is an effective anti-inflammatory
mediator; it protects tissues from damage due to injury.
Thus, an elevated ALP in the DXR group may account for
prominent tissue injury and inflammation.

The observed histopathological changes in the liver
of DXR-Sol treated mice was degenerated hepatocytes,
marked congestion of central vein with hemorrhage,
dilated sinusoidal spaces infiltrated with red blood
cells, and activated Kupffer cells. These changes of
DXR-Sol group were comparable to earlier reports™.
Also, in DXR-Sol and DXR+PS-Sol groups, there were
significant elevation of cardiac injury markers (LDH
and CK-MB), which corroborates with clinical findings
during follow-up of DXR therapy”. In agreement with
our findings, a previous study reported that a single dose
of DXR in rats showed elevations in cardiac enzymes
levels due to generation of free radicals and increased
permeability of myocardial membrane®. This was further
substantiated by the light microscopy images of cardiac
tissue sections of mice treated with the DXR-Sol, which
exhibited severe pathological alterations, while normal
architecture was noticed in the EAC-challenged mice.
DXR-Sol induced myocardial changes were characterized
by the myofibrillar loss, congestion of myocardial vessels,
cytoplasmic vacuolization and perinuclear changes like
karyolysis and pyknosis.

The DXR+PS/LNE treated animals had significant
declined levels of ALT, AST, CK-MB and LDH in
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comparison with DXR-Sol group; in contrast these
enzymatic levels were not significantly different from
control group indicating strong protective activity against
DXR toxicity. It was confirmed that nanoparticles loaded
with DXR offers cardio-protection reported as decrease
in CPK level compared to the DXR administered
group®. Multiple studies demonstrated that DXR-
induced myocardial toxicity and hepatic injury can be
protected by statins due to potential antioxidative and
anti-inflammatory effects®>*. Our study confirmed these
findings and suggests that the presence of nanoemulsion
formulation of DXR+PS may offer protection to the
myocardial and hepatic tissue against DXR.

In contrast to DXR-Sol group, the cardiac and hepatic
tissues of DXR+PS/LNE and EAC challenged group
sections were having normal tissues architecture. These
findings indicate that combination of PS with DXR as
loaded NE formulation reduced DXR induced hepato-
cardiac toxicity. We observed that all drug formulations
had a significant increase in BIL levels as compared to
the control group. An elevated serum total BIL may be
caused by blocking of bile ducts leading to regurgitation
of conjugated BIL from the damaged hepatocytes and
inflammation™.

Life-span prolongation in a tumor-bearing animal is
considered a reliable criterion for estimating the worth
of any chemotherapeutic agent*. DXR-Sol treated EAC
bearing mice had significantly less life span parameters
(MST, % ILS and % S) than DXR/LNE treated EAC
bearing mice. Also, NE formulation of DXR + PS
(DXR+PS/LNE) significantly prolonged MST, % ILS and
% S of the EAC bearing mice compared to the DXR+PS
combination (DXR+PS-Sol) and DXR. Our findings are in
agreement with another previous finding which revealed
that the nanoparticles also decrease DXR related toxicity
thereby resulting in a significant prolongation in average
life-span as compared to free DXR*. Similarly, multiple
reports have shown that PS improved patient survival in

advanced hepato-carcinoma®*.

5. Conclusions

We found that the combination of DXR with PSloaded ina
NE has significantly enhanced tolerability of DXR against
the EAC bearing mice. These facts open a new avenue
for combination therapy to be used in cancer. However,
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extensive tolerability and efficacy studies in animals and
humans are required to confirm these observations.
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