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Incorporating ifosfamide into salvia oil-based nanoemulsion
diminishes its nephrotoxicity in mice inoculated with tumor
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Introduction

Abstract

Introduction: Nephrotoxicity is one of the
major side effects of the chemotherapeutic
drug, ifosfamide (IFO). In this study, IFO was
solubilized in nanoemulsion (NE) containing
salvia (SAL) essential oil to investigate its
adverse side effects in mice.

Methods: One hundred female Swiss albino
mice (n = 20/group) were split into five groups.
Group I (Normal) received saline solution
(0.9% (w/v) NaCl) while groups II-V were
intraperitoneally (I.P.) injected with 2.5 x 10°
Ehrlich ascetic carcinoma (EAC) cells/mouse. Group II (EAC) represented the untreated EAC-
bearing mice. Group III (IFO) was treated with IFO at a dose of 60 mg/kg/d (I.P. 0.3 mL/mouse).
Group IV (SAL) was treated with 0.3 mL blank NE-based SAL oil/mouse. Group V (SAL-IFO) was
treated with IFO, loaded in 0.3 mL of blank SAL-NE, at a dose of 60 mg/kg/d (L.P. 0.3 mL/mouse).
Groups III-V were treated for three consecutive days.

Results: There was a double increase in the survival percentage of the SAL-IFO group (60%) relative
to the IFO group (30%). Renal damage with the presence of Fanconi syndrome was indicated in the
IFO group through a significant elevation in the levels of serum creatinine, blood urea nitrogen,
urine bicarbonate, and phosphate in addition to a reduced level of glucose compared to the normal
group. On the other hand, the administration of SAL-IFO into the mice reversed this effect.
Additionally, the oxidative stress in the kidney tissues of the SAL-IFO group was ameliorated when
compared to the IFO group.

Conclusion: Incorporating IFO into SAL-NE has protected the kidneys from the damage induced
by IFO.

of oil, water, surfactant and most frequently cosurfactant.®

Ifosfamide (IFO), an alkylating antineoplastic agent and
a prodrug used in adults and children,"* has a broad-
spectrum anticancer activity against solid tumors of soft
tissue, bone, and lung.* One of the major side effects
of IFO is the formation of the cytotoxic metabolite,
chloroacetaldehyde (CAA), during the IFO metabolism
which may induce nephrotoxicity almost in the form of
proximal tubular damage and glomerular filtration rate
(GFR) reduction.” IFO may cause Fanconi syndrome as a
result of the renal damage, characterized by the glycosuria,
phosphaturia, aminoaciduria, bicarbonaturia, and kaluria.

Nanoemulsion (NE) is a dispersion system that consists

The diameter of the resulted dispersed nanodroplet is
usually in the range of 20-200 nm. The major advantages
of NEs in drug delivery system are their ability to improve
the drug bioavailability and ameliorate the drug efficacy
which leads to the reduction of the total drug dose and
hence may result in eliminating the unfavorable side
effects of the drug.®” Several studies have formulated
IFO in nanocarriers including solid-lipid nanoparticle,
nanostructured lipid nanoparticles, self-assembled
polymeric nanoparticles, span 80 nano-vesicles, and self-
microemulsifying drug delivery systems.®'

NEs are considered potential carriers for the essential
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oils and have several disadvantages due to their
hydrophobic nature, volatility, and ability to degradation.
NEs may improve the bioefficacy, cellular uptake, and
tissue distribution of the essential oils.”® It has been
demonstrated recently that the incorporation of different
essential oils into the NEs may induce apoptosis and
cytotoxicity in breast cancer cell line (MCF-7) and
cervical cancer cell line (HeLa).!*!*> Several studies have
demonstrated the antitumor potential of the essential
oils against a broad spectrum of cancers.’® Recently, a
large number of research studies have reported the potent
effect of salvia (SAL) plant as anticancer, antimicrobial,
antimutagenic, antioxidant, and anti-inflammatory.”

In this study, IFO loaded in NE containing SAL essential
oil, which has anticancer and antioxidant beneficial
properties, was evaluated in vivo with the aim to assess the
nephrotoxicity effect induced by IFO.

Materials and Methods

Chemicals

IFO was purchased from Baxter, US. Span 20 and Tween
80 were obtained from Sigma (Missouri, US). 100%
pure SAL (Sage) oil, extracted from Salvia officinalis L.
(Lamiaceae) by steam distillation of flowers and leaves,
was purchased from Sokar Nabat for Natural Oils (Jeddah,
KSA). According to the material safety data sheet, the
purchased sage oil contained a-thujone (40.5%), f-thujone
(7%), camphor (21%), 1,8-cineole (12%), humulene (5%),
-pinene (4%), camphene (5%), limonene (2%), linalool
(free and esterified (1%)), and bornyl acetate (2.5%
maximum), as determined by the gas chromatography.

Nanoemulsion preparation

The NE formula (SAL-NE) was produced by mixing 5.5%
(wt/wt) of surfactant mixture of Tween 80 and Span 20
in a ratio of 2 to 1, respectively, 1.8% (wt/wt) SAL oil and
92.7% (wt/wt) water, followed by continuous mixing and
heating at temperature above 70°C until it transformed
from white emulsion to a transparent solution.'®

Experimental design

A total of 100 female Swiss Albino mice, weighing 22-30
g, were provided from King Fahd Center for Medical
Research, King Abdulaziz University (Jeddah, Saudi
Arabia). The ethical approval was obtained from the
Research Ethics Committee in the Faculty of Medicine at
King Abdulaziz University (1-17-01-009-0068). The mice
were given ad libitum access to standard pellet food and
water and were kept at standard laboratory conditions
(25°C and a 12 h light/dark cycle).

The mice were divided into 5 groups, each consisted of
20 mice. Group I (Normal) received saline solution (0.9%
(w/v) NaCl) while Groups II-V were intraperitoneally
(LP) injected with 2.5 x 10° Ehrlich ascetic carcinoma
(EAC) cells/mouse suspended in PBS. Group II (EAC)
represented the untreated EAC-bearing mice. Groups

III-V were inoculated with EAC for 48 hours. Group
III (IFO) included EAC-bearing mice treated with IFO
at a dose of 60 mg/kg/d (I.P. 0.3 mL/mouse) for three
consecutive days.” Group IV (SAL) included EAC-
bearing mice treated with 0.3 mL/mouse of blank NE
based on SAL oil for three consecutive days. Group V
(SAL-IFO) included EAC-bearing mice treated with IFO,
loaded in 0.3 mL of blank NE, at a dose of 60 mg/kg/d (I.P.
0.3 mL/mouse).

Sample collection and kidney weight ratio

After 5 days, 10 mice from each group were sacrificed
after fasting for 12 hours. Following sacrificing the mice,
the ascetic fluid, blood, 24-hour urine and organs were
collected to perform the biochemical and histological
analysis. The kidneys were directly weighted after
sacrificing to calculate the organ weight ratio for each
mouse by dividing post sacrifices kidney weight on pre-
sacrifice bodyweight of the same mouse. Afterward, the
kidneys were cut into pieces, parts of them saved in 10%
natural formaldehyde for histological examination. The
remaining tissue was kept at —80°C for the antioxidant
analysis.

Assessment of the therapeutic efficacy of drug formulas
Ten mice from each group were kept for survival study
with monitoring of weight and diet for 60 days. The
percentage change in body weight was estimated by using
the following equation:

The percentage change in body weight (%) =

(Average body weight change per day-Average body weight
at first-day )/(Average body weight on first day)

The food intake per day for each mouse was determined
by dividing the consumed food (g) by the number of mice
in each cage. The mean survival time (MST) for each
group was calculated by dividing the sum of the death
day of each mouse by the number of mice. The survival
percentage was determined at the end of the experiment
(60 days) by dividing the number of the survived mice by
the total number of mice and multiplying by 100.

Biochemical analysis

Serum and urine analysis

The serum samples were collected for biochemical
analysis into heparinized tubes and centrifuged for 15
minutes at 3000 rpm for the kidney function test. The
serum level of creatinine (CRT) and glucose (GLU) were
measured according to Biodiagnostic kit's instructions
(Biodiagnostic Company, Egypt) while blood urea
nitrogen (BUN), calcium (Ca*?), magnesium (Mg®),
sodium (Na*) chloride (Cl), and potassium (K*) were
evaluated according to the manufacturer’s instructions
(Siemens Healthcare Diagnostics Ltd, USA). The urine
samples were collected for 24 hours before scarifying
the mice on the fifth day to measure the level of urine
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bicarbonate (U_,,) and phosphate (Up) as mentioned
by the manufacturer’s instructions (Siemens Healthcare
Diagnostics Ltd, USA).

Antioxidant status and lipid peroxidation level in kidney
tissues

The homogenate tissues of kidney organs were used
for the measurement of reduced glutathione (GSH),
glutathione reductase (GR), malondialdehyde (MDA)
and catalase according to Biodiagnostic kit's instructions
(Biodiagnostic Company, Egypt). In brief, the GSH
level was assayed according to the method of Beutler et
al.?® The method measures the ability of GSH to reduce
5,5'dithiobis, 2-nitrobenzoic acid (DTNB) which results in
producing a yellow compound that is directly proportional
to the amount of GSH in the sample. The absorbance was
measured at 405 nm.

The GR enzyme activity was determined according
to the methodology of Goldberg et al?! GR level was
measured through the decrease in the absorbance at
340 nm on the basis of the oxidation of the NADPH to
NADPH * which caused the transformation of the oxidized
glutathione to the reduced glutathione. The MDA was
estimated according to the method of Satoh.? It is based
on measuring the thiobarbituric acid (TBA) reactive
product at 534 nm resulted from the reaction of MDA
with TBA in an acidic solution at boiling temperature for
half an hour. The catalase enzyme activity was determined
as described by Aebi.”® It was assayed at 510 nm based on
the ability of catalase to decompose H,O,.

Histopathological examination

Following mice sacrificing, kidneys were collected, cut
into small pieces, fixed in 10% formalin, subjected to
dehydration in ascending concentrations of alcohol and
embedded in paraffin. Afterward, samples were sectioned
and stained with hematoxylin and eosin (H & E). Slides
were observed by using an inverted light microscope
(TH4-200, Olympus optical Co-Ltd, Japan).

Statistical analysis

All statistical analyses were performed using the MegaStat
Excel (version 10.3, Butler University). Data were
expressed as mean + standard error of the mean. The

statistical differences between multiple samples were
evaluated by one-way analysis of variance (ANOVA) while
the post-hoc analysis for assessing the differences between
two samples was determined by performing the Tuckey
simultaneous tests followed by measuring the P-values
for the pairwise tests. The statistical differences between
the tested samples were classified as significant (0.01<P
<0.05), highly significant (0.001<P<0.01), and very highly
significant (P<0.001).

Results

Assessment of the therapeutic efficacy of drug formulas
The therapeutic efficacy of the drug formulas was
monitored by measuring the MST and the amount of
tumor collected following the sacrifice of the mice as
illustrated in Table 1. The least amount of tumor was
collected from the SAL-IFO group while it had the
maximum MST at which its survival percentage (%S) was
greater than the IFO group by two-fold. In terms of the
effect of drug formulas on the food consumption and %
change in body weight (Fig. 1), the entire tested groups
were comparable within 60 days except for SAL and EAC
groups that had got changed by the time periods. Relative
to the other tested groups, SAL group started to consume
more food after 28 days (P<0.05) and markedly gained
weight after 11 days (P<0.001), whereas EAC group had
considerably gained weight after 10 days and its food
intake had varied after 17 days (P<0.05).

Detection of kidney function

Serum and urine analysis

As illustrated in Table 2, the IFO group exhibited the
highest elevations in the serum levels of CRT and BUN
when compared to the other tested groups. On the
other hand, the administration of SAL-IFO into the
mice had reduced the levels of serum CRT and BUN to
be remarkably less than IFO groups. The serum level of
GLU was markedly decreased in EAC and IFO groups
when compared to the normal group whereas the SAL-
IFO group reversed this effect to be almost comparable
to the normal group. In terms of the electrolytes levels,
there were no significant differences in serum Ca*?, Mg*
and Na* levels among the experimental groups. However,
the CI level of SAL-IFO group was lower than that of

Table 1. The effect of drug formulations on the collected ascetic fluid of the sacrificed animals, the mean survival time (MST), and survival percentage (%S)

for the experimental groups (n =10 animal/group)

Animal Groups Ascetic fluid (mL) MST (days) %S
Normal 60+ 0.00""¢ 100
EAC 1.0540.03""¢ 18.5+0.3""¢ 0

IFO 1.1440.05™""¢ 32.5+5.07 P 30
SAL 1.1740.03™""" 23.50 £2.10"""¢ 10
SAL-IFO 0.89+0.057" 36.00 £4.90"""F 60

Note. The ascetic fluid and MST data were expressed as mean * SE. Significant differences (*0.01< P < 0.05, **0.001< P <0.01, and ***P<0.001) were
indicated between the individual group and the normal (?), EAC (*), and SAL-IFO () groups.
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Fig. 1. The effect of drug formulations on the mean of (a) the body weight
change (%) and (b) food intake (g/mice/day in EAC bearing mice) of the

experimental groups (n=10 animals/group). Error bars represent the
standard error of the mean (SE).

EAC and IFO groups but it was comparable to the normal
group. The K* level was elevated in SAL and SAL-IFO
groups when compared to the other tested groups. On
the other hand, the SAL-IFO group had lowered the levels
of U, relative to the other tested EAC groups but it was
comparable to the normal group. Although the levels of
U_,, Were raised in the treated EAC groups relative to the
untreated EAC and normal groups, they were significantly
reduced in the mice treated with SAL and SAL-IFO when

compared to the IFO treated mice.
Antioxidant activity in kidney tissues
In terms of the percentage changes of the levels of GSH

and GR in the kidney tissues relative to the normal group,

Table 2. Drug formulations effect on the kidney function of the tested mice

shown in Fig. 2A-2B, EAC group exhibited a remarkable
increase in GSH level (34%) with a slight decrease in GR
activity (4%) while the administration of IFO into the
mice resulted in significantly depleted GSH (50%) and
GR (43%) activity levels. Interestingly, treating the mice
with SAL-IFO had reduced this depletion as the level of
GSH decreased to about 35% with the restoration of the
GR enzyme level. The level of GSH in the SAL group
was almost similar to the normal group whereas the GR
enzyme level tended to increase.

Regarding the levels of MDA in the kidney tissues,
presented in Fig. 2C, they were significantly higher (~
23%) in IFO treated group than those of the normal group
while the combination formula, SAL-IFO, reversed this
elevation in the mice to be comparable to the normal
and EAC groups. Additionally, SAL-IFO treatment had
restored the catalase activity which was comparable to the
normal group, but it was considerably decreased in the
EAC, IFO and SAL-treated groups by 25%, 33%, and 19%,
respectively (Fig. 2D).

Histopathological changes in kidney tissues

The histological kidney structure of the normal mice,
shown in Fig. 3A, exhibited normal Bowman's space
surrounding the Bowman's capsule and the renal tubules
including proximal tubule and distal tubule. Tissues of
EAC tumor group revealed kidney damage including
Bowman’s capsule rupture and distortion of the proximal
tubule and distal tubule (Fig. 3B). In addition to the
changes caused by the tumor, free IFO treatment had
caused renal injury due to the presence of lymphocytic
infiltration (Fig. 3C). In contrast to the tissues of EAC
and IFO groups, the tissues of the mice treated with SAL
exhibited moderate damage in Bowman's capsule and
renal tubules (Fig. 3D). Interestingly, there were no signs
of injury and the structure of the kidney tissue of the SAL-
IFO group was ameliorated to be similar to the normal
group (Fig. 3E).

Groups Normal EAC

IFO SAL SAL-IFO

CRT (mg/dL)
BUN (mmol/L)
GLU (mg/dL)

11842 149.3+8.6"" "¢
9.1+0.07""0* 10.6+0.06"" "¢
117.16+2.67 83.49+3.3""¢

Ca*? (mmol/L) 2.22+0.01 2.27+0.009
Mg*? (mmol/L) 1.1+0.004 1.2+0.007
Na* (mmol/L) 148+3.3 151+1.5
I (mmol/L) 113+1.4" 118422
K* (mmol/L) 4.4+0.29"¢ 4.4+0.32"¢
Uy, (mmol/L) 1£0.0001""""¢ 1.5£0.28""%
U, (mmol/L) 62.3£1.06""™ 72.6£2.08""¢
Relative kidney weight 0.011+0.001 0.012+0.001

190+1.6"*abc 106.6+1.7"2" b
1240,11""2be 12.540.09" "2+
100.16+2.9""2bs 110.23+4.9'" b

120.6+4.3""®
11.4+0.08""">*
118.15+0.9""

2.150.02 2.19+0.008 2.05+0.016
1.1+0.005 1.18+0.009 1.06+0.007
149+3.6 148+2.9 143+4.1
116£1.9"" 115+1.32"" 110£2.3""
4.610.1 5.140.22""2F 5£0.15%
2.540.28"" b 2+0.00017">"" 2+0.00017">""
68.19+0.19"""""0¢ 64.4+3.6770"c 59.3+0.3"""
0.013+0.002 0.012+0.002 0.012+0.001

Note. The data were expressed as mean * SE, (n= 10 animals/group). Significant differences (*0.01<P <0.05, **0.001<P<0.01, and ***P<0.001) were
indicated between the individual group and the normal (%), EAC (°), and SAL-IFO (¢) groups. CRT: creatinine; BUN: blood urea nitrogen; GLU: glucose;
Ca*?%: calcium; Mg*?: magnesium; Na*: sodium; Cl': chloride; K*: potassium; U, Urine bicarbonate; Up: phosphate.
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") GSH (mg/dL) (P<0.001) (B)
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GR activity (U/L) (P<0.001)
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Fig. 2. The oxidative stress analysis of the kidney tissues of (a) reduced glutathione (GSH), (b) glutathione reductase (GR), (c) lipid peroxidation
(MDA) and (d) catalase enzyme for the experimental groups (n= 10 animals/group). The data were expressed as mean + SE (error bars). Significant
differences (***, P<0.001) were indicated between the individual group and the normal (), EAC (°), and SAL-IFO () groups.

Fig. 3. Photomicrograph of the histological structure of kidney for the experimental groups of (a) normal group, displaying normal Bowman's space (BS)
surrounding the Bowman's capsule (BC), proximal tubule (PT), and distal tubule (DT). (b) EAC group, showing ruptured Bowman’s capsule (black arrow) with
distorted feature of proximal tubule and distal tubule (red arrow), (c) IFO group, showing ruptured Bowman'’s capsule (black arrow) with lymphocytic infiltration
(orange arrow) and injury in proximal tubule and distal tubule (red arrow), (d) SAL group, showing moderate damage in proximal tubule and distal tubule
(black arrow) with slight rupture of Bowman's capsule, and (e) SAL-IFO group, showing nearly the same histological structure as the normal group. H&E stain,
400 x magnifications, 20 pm.

Discussion mV and -1.14+0.08 mV, respectively, while their z-average
Alkhatib et al'® had previously formulated and evaluated diameters were in the range of 52.12-56.18 nm and 56.64-
the physical characterization and the antitumor activity 64.62 nm, respectively. The polydispersity indexes of

of SAL and SAL-IFO in MCF-7 and HeLa cells. SAL and the nanodroplet sizes indicated that both of SAL and
SAL-TFO exhibited negative zeta potentials of -7.9+0.11 SAL-TFO were homogeneously distributed. According to

Biolmpacts, 2020, 10(1), 9-16 [13



AlMotwaa et al

the in vitro antineoplastic activity of SAL and SAL-IFO,
the incorporation of IFO into SAL-NE had markedly
ameliorated the efficacy of IFO. In the current study, the
MST of the EAC cell-bearing mice treated with IFO at the
dose 60 mg/kg body weight for three consecutive days
was greater than SAL-IFO treated groups by two folds.
Interestingly, SAL-IFO group exhibited a double higher
survival percentage (60%) when compared to the free IFO
group (30%). The antitumor activity of IFO is attributed
to its ability to alkylate and produce DNA cross-links
which cause damage to the DNA.?* The potent effect of
the combination of IFO with the SAL oil-based NE when
compared to the free IFO and other tested groups can
be due to the antiproliferative action, antimigratory and
antiangiogenic effects of SAL.*? Several studies on SAL
plant had demonstrated the possible antitumor activity
against numerous cancerous cell lines and cancer animal
models.””

Besides, drinking Sage tea, a natural substance made
from the leaves of SAL officinalis, had been reported
to prevent the onset of colon carcinogenesis phases.*
Growing evidence had shown the ability of SAL to act as
a mutagenesis inhibitor through the methanolic extract.
It had been demonstrated that SAL had a protective
effect against cyclophosphamide- IFO analog- induced
genotoxicity in rats.” The cytotoxicity and anticancer
activity of SAL stem from its constituents. In vitro
and in vivo studies reported that the SAL components
such as caryophyllene, a-humulene, manool, ursolic
acid, and rosmarinic acid had the potential to inhibit
tumor cells growth in different cell lines, prevent
skin tumors formation, impede angiogenesis phases
such as proliferation, migration, adhesion and tube
formation.28,30,32,36—38

One of the major side effects of IFO is nephrotoxicity
that can be attributed to the formation of IFO CAA
metabolite. As a consequence, glomerular toxicity may
develop due to the increase in blood CRT concentration
and the reduction of GFR. Additionally, Fanconi
syndrome may arise as a result of proximal tubules toxicity
which is characterized by aminoaciduria, glycosuria,
phosphaturia, bicarbonaturia, and kaluria.* Several in vivo
studies reported the nephrotoxicity coupled with IFO.*
In the present study, serum CRT, BUN, U_, and U, were
elevated while serum GLU level had decreased in the IFO
group. On the other hand, the combination therapy, SAL-
IFO, had eliminated the adverse side effects caused by
IFO according to the results of biochemical analysis and
histological study of the kidney. Perhaps loading IFO in
a NE containing SAL oil had improved the permeation of
both IFO and SAL into the cancer cells.*

It had been reported previously that the nephrotoxicity
of IFO metabolites including CAA was attributed to the
depletion of stored glutathione associated with significant
increases of lipid peroxidation leading to the defect
of the antioxidant defense system.**** In the current

Research Highlights

What is the current knowledge?

V IFO drug is an anticancer drug that induces nephrotoxicity
in adults and children.

V NE has nanometric colloidal droplets that have the ability
to transport drugs and hence improve its intracellular
distribution and minimize its side effects.

V' SAL oil has an antioxidant and antitumor effect.

v IFO-loaded SAL-NE has improved the apoptotic effect of
IFO in cancer cells.

What is new here?

V The administration of IFO-loaded SAL oil-based NE into
the EAC-bearing mice ameliorated the kidney damage,
eliminated the effect of Fanconi syndrome and attenuated
the cellular oxidative stress resulted from IFO drug. As a
consequence, the survival of the EAC-bearing mice got
improved.

study, glutathione depletion in the IFO treated group was
detected by the reduction in GR and catalase activities and
elevation in the MDA when compared to the normal group.
Interestingly, loading IFO in NE-based SAL oil reversed
the side effect of the free IFO on the renal antioxidant
defense system. Recently, it had been confirmed by in vitro
studies that the incorporation of the essential oils into NE
had potentiated their inhibitory actions against the cancer
cells growth.'*!®

Cells are protected against the overproduction of reactive
oxygen species by natural antioxidants. Several studies
reported that SAL possessed a powerful antioxidant
activity which was explained by the SAL protective
effect on the DNA through its antioxidant activity.’>*
Furthermore, it had been found that rat hepatocytes
resistance against oxidative stress was increased through
drinking SAL water."® Many reports demonstrated that
SAL constituents had powerful antioxidant compounds
such as carnosol, rosmarinic acid and caffeic acid.*”~!

Conclusion

The incorporation of IFO into NE containing SAL oil
had improved the efficacy of IFO and eliminated its
nephrotoxicity. It is recommended to make further studies
on the adverse effect of IFO-SAL on other organs.
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