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Hibiscus sabdariffa L. has been widely cultivated in tropical areas, usually used
in treatment of many disorders. Thus, in our study we aimed to evaluate the effect of dairy
desserts supplemented with nanoform of Hibiscus sabdariffa L. extract (NHSE) against Ehrlich
solid carcinoma (ESC) in mice. The NHSE was prepared by soaked the fine powder of plant in
90% ethanol by cold extraction. NHSE was evaluated using dynamic light scattering (DLS) and
transmission electron microscope (TEM), then the prepared NHSE was added to dairy desserts
using different concentrations. Sixty female albino mice were used and divided into six groups.
After the end of the experimental period, blood was withdrawn; Serum was separated for
determination of malondialdehyde (MDA), super oxidedismutase (SOD), catalase (CAT), tumor
necrosis factor- a (TNF-a), matrix metalloproteinases-9 (MMP-9) and B-cell lymphoma-2 (Bcl-
2). Serum homocystein (Hcy) level was estimated by high performance liquid chromatography
(HPLC). Mice inoculated intramuscularly with Ehrlich cell line showed statistically marked
increase in serum levels of MDA, TNF-a, MMP-9 and Hcy accompanied by marked decrease in
SOD and CAT activities and Bcl-2 levels compared to the control group. Treatments with NHSE
markedly trigger activity of anti-oxidant, attenuated the inflammatory response, reduced levels
of Hcy and stimulated the apoptosis of tumor cells. Based on that, dairy desserts containing
NHSE showed effective role in prohibiting the releasing of reactive oxygen species, ameliorating
the immune response, and preventing tumor progression.

Keywords: Dairy Desserts; Ehrlich solid carcinoma; Hibiscus sabdariffa
L nano-extract; Homocysteine; Matrix Metalloproteinases-9.

Cancer is characterized by dysfunction in
the mechanisms underlying cell cycle regulation,
including either over-proliferation of cells and/or
reduction in cell removal '. Solid tumors are the
largest second tumor burden in some populations

2. Solid Ehrlich carcinoma is undifferentiated tumor
which is used frequently to establish a tumor model
and in chemotherapy investigations 3. Solid Ehrlich
carcinoma characterized by large-scale virulence,
quick development and infiltrative nature of the
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tumor reflect its high-grade malignancy *. Tumor
growth can cause antioxidant disturbances in
certain tissues of the tumor host *.

One of the characteristics of tumor growth
and invasion is the increased flux of oxy-radicals
and loss of cellular redox homeostasis. Cancer
cells can generate large amounts of hydrogen
peroxide, which may contribute to their ability
to mutate, damage of normal tissues and invade
other tissues. This suggests that there is a direct
correlation between changes in the rate of cancer
cell proliferation and changes in the antioxidant
machinery. Furthermore, some anticancer agents
can act as antioxidant °. Recently, Varela Almanza
et al., ® hypothesized that Hyperhomocysteinemia
(HHcy) is implicated in different pathologies, such
as cardiovascular diseases, diabetes, hypertension,
and breast cancer.

Hibiscus sabdariffa L. has belonged to
the family Malvaceae. It is also called karkade in
Arab-speaking countries. The calyces of Hibiscus
sabdariffa L. have been extensively used in food
applications. Furthermore, several medicinal
applications of Hibiscus sabdariffa L. and its
extract have been established around the world
such as to treat hypertension, enhance the digestive
system, prevent cancer, protect liver damage,
treat kidney stone in addition to its hypolipidemic
effects, antioxidant activity, and antimicrobial
effects ™!

Hibiscus sabdariffa L (HS) is affluent
source of phenolic compounds, including
protocatechuic acid which suggested possessing
in vitro protective impact against cytotoxicity and
genotoxicity via its radical quenching capacity
and enhancing DNA repair '°. It has been reported
that HS inhibits skin tumor formation induced by
12-O-tetradecan-olyphorbol-13-acetate in CD1-
mice '* and prohibited human promyelocytic
leukemia HL-60 cells growth 7. Medhat et al. "
utilized the benefits of natural products through
nanotechnology seems to be a safe and efficient
process that may inhibit tumor growth and attenuate
oxidative stress and inflammation. Moreover, there
is a rising request for bioactive ingredients and
natural antioxidants in dairy industries which have
led to widely applied and have the potential benefits
as nutraceuticals in the food industry..

From this point of view, this study was
designed to evaluate the curative effect of dairy

desserts loaded with different ratios of Hibiscus
sabdariffa L. extract nanoparticles (NHSE)
against ESC via evaluating oxidative stress and
inflammatory markers in addition to the expected
effect in enhancement of tumor cells apoptosis.

MATERIALS AND METHODS

Materials

Skim milk powder (medium heated,
fat 1.25%, moisture 4%), white sugar, Hibiscus
sabdariffa L. plant, whole milk (3% fat) and starch
were obtained from local market. k-Carrageenan
was obtained from Sigma Co., St Louis, MO,
USA. Homocysteine standard (HPLC grade) was
purchased from Sigma-Aldrich Company, St.
Louis, MO, USA. All other chemicals were of
HPLC grade.

Sixty female albino mice (20£5 g) were
obtained from the animal house of National
Research Centre (NRC), Giza, Egypt. Mice were
fed a standard diet, water was available ad libitum
for acclimatization before starting the experiment;
mice were kept under constant environmental
conditions at room temperature. The guidelines
of the ethical care and treatment of the animals
followed the regulations of the ethical committee
of the NRC.

Methods
Preparation of Hibiscus sabdariffa L. extract
nanoparticles (NHSE)

About 100 g of fresh Hibiscus sabdariffa
L. was grinded to fine powder and soaked in
90% ethanol for extraction using cold extraction
at room temperature for 24 h and then filtrated
through a Whatman No. 1 filter paper. The filtrates
were concentrated and evaporated using a rotary
evaporator under pressure at 45°C. All dried
extracts were stored at “20°C in a dark bottle free
from for further experiments. Furthermore, the
Hibiscus sabdariffa L. nanoform was prepared
by dissolving desired amounts of dried extract
in deionized distilled water to form a 100 mL
solution. Then the prepared solution was left for
sonicating (30 min) at 60 °C in sonication bath to
form Hibiscus sabdariffa L. nanoparticles.
Manufacture of dairy desserts

Samples were prepared in batches of 1000
g, milk was weighed in a flask and preheated at
40°C then the skimmed milk powder (SMP) was
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dissolved in it and mixed under magnetic stirring
for 10 min. Starch, sugar, and k-carrageen were
then added to the cold milk and the mixture was
stirred for 25 min at 90°C using a hot water bath.
Then the sample was cooled in a water bath at 20°C
with stirring for 10 min. Finally, when desserts
cooled (0.1%, 0.3% and 0.6% of NHSE of total
sample weight) were added and then samples
were transferred to closed flasks and stored under
refrigeration (5+1 °C). Desserts without additional
NHSE were also prepared as control samples. The
composition of the different formulas used in the
experiment was presented in Table (1).
Experimental design

Sixty male albino mice were classified
into six groups (10 rats in each group) as follow:
Group I (control group): healthy mice, received
250 ul of vehicle / mouse / day / orally for two
weeks. Group II (solid tumor group): healthy
mice inoculated once with 2.5x10° cells/mouse
intramuscular in the hind limb. Group III (treated
group I): healthy mice inoculated once with 2.5x10°
cells/mouse intramuscular in the hind limb once
and then received 250 pl dairy dessert (100 mg/
kg body weight / day orally) for two weeks. Group
IV (treated group II): healthy mice inoculated once
with 2.5%106 cells/mouse intramuscular in the hind
limb once and then received 250 pl of dairy dessert
loaded with NHSE in a concentration of 0.1 (v/v)/
daily by oral administration for 30 days. Group IV
(treated group II): healthy mice inoculated with
2.5x10° cells/mouse intramuscular in the hind limb
once and then received 250 pL of dairy dessert
loaded with NHSE in a concentration of 0.3 (v/v)/
daily by oral administration for two weeks. Group
IV (treated group III): healthy mice inoculated with
2.5x10° cells/mouse intramuscular in the hind limb
once and then received 250 pL of dairy dessert
loaded with NHSE in a concentration of 0.6 (v/v)/
daily by oral administration for two weeks.

After the experimental period, mice were
kept fasting for 12 h before blood sampling, blood
was withdrawn from the retro-orbital venous plexus
of the eye using capillary tubes and collected in
clean tubes for the biochemical analysis.
Characterization

Determination of total phenolic content
of Hibiscus sabdariffa L. extract and dairy desserts
samples: The total phenolic content (TPC) of
Hibiscus sabdariffa L. extract and dairy desserts

samples were determined colorimetrically by a
Folin-Ciocalteau reagent using calibration curve
set with Gallic acid as a standard '* Results of TPC
were stated as mg Gallic acid equivalents (GAE)/
mL extract.

Determination of antioxidant activity of
Hibiscus sabdariffa L. extract and dairy desserts
products: The scavenging activity of NHSE and
dairy desserts samples were evaluated using DPPH
radical scavenging method according to Matthus
B.,'> The inhibition percentage of DPPH radical
scavenging activity was calculated using the
following formula, where: A, the absorbance at 515
nm of the control sample; A , the final absorbance
of the test sample at 515 nm 6.

Acontrol _ Aosample
X 100

Pnhibition (%) =

Acontrol

Particle size of NHSE : The particle size
of NHSE was evaluated using NICOMP 380 ZLS,
Dynamic light scattering (DLS) instrument (PSS,
Santa Barbara, CA, USA), using the 632 nm line of
a HeNe laser as the incident light with angel 90° and
Zeta potential with external angel 18.9°. Samples
were diluted in 0.1M phosphate buffer pH 7.0 and
filtered through 0.45 im membrane (Mellipore,
USA) to obtain a count rate in the appropriate
range 100—450 nm, to avoid multiple scattering
phenomena due to inter-particle interaction '.
Immediately, the diluted sample was transferred
into a polystyrene cuvette for size determination.

Particle shape of NHSE: The particle
shape was determined via transmission electron
microscope (TEM) for the prepared NHSE through
drying a drop of the NHSE solution on a carbon-
coated copper grid.

Tumor transplantation: Cell line of Ehrlich
supplied through National Cancer Institute; Egypt
was maintained in experimental female Swiss
albino mice by inoculating 2.5x10°¢ cells/mouse
intramuscular with a fine needle in the hind limb
of mice. Solid tumor observed after 10 to 13 days
from the inoculation of EAC cells according to
El-Gawish '® and Medhat et al., "°.

Determination of serum oxidant/ anti-
oxidant markers: Serum malondialdehyde
(MDA), superoxide dismutase (SOD) and catalase
activity (CAT) were estimated according to the
methods of Nishikimi et al., 2° using standard
spectrophotometric assays.
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Determination of serum inflammatory
and apoptotic markers: Quantitative
determination of inflammatory markers including
tumor necrosis factor- & (TNF-4) and matrix
metallopeptidase 9 (MMP-9) in addition to the anti-
apoptotic marker B-cell lymphoma 2 (Bcl-2 ) were
determined using enzyme-linked immunosrbent
assay (ELISA) according to the manufacturer’s
instructions (Glory Science Co, Ltd, Del Rio, TX,
USA).

Determination of serum homocysteine
(Hey): Serum Hcy was estimated by high
performance liquid chromatography (HPLC)
system, Agilent technologies 1100 series, equipped
with a quaternary pump (Quat. pump, G131A
model) according to Hussein et al.,2" Briefly, 400
ul serum were mixed with 30 ul of 1.2 mol/l
trichloroacetic acid (TCA), incubated in ice for
30 min to precipitate protein, centrifuged for 20
min at 4000 rpm at 4°C, and supernatants were
filtered through 0.2 pm filter then 30 pl from the
solution were injected into HPLC. Separation was
achieved on reversed phase column (C18, 25,
0.46 cm i.d. 5 pm), the mobile phase consisted
of 40 mmol/L sodium phosphate monobasic
monohydrate; 8 mmol/L heptanesulfonic acid and
18% (v/v) methanol adjusted to pH 3.1 by addition
of phosphoric acid and filtered through a 0.45-pm
membrane filter and was delivered at a flow rate of
1 ml/min at 40°C. UV detection was performed at
260 nm. Serial dilutions of standards were injected,
and their peak areas were determined. A linear
standard curve was constructed by plotting peak
areas versus the corresponding concentrations. The
concentrations in samples were obtained from the
standard curve.

Statistical analysis
Statistical package for social science

(SPSS software version 12, Chicago, Illinois)
was used. All numeric variables were expressed
as mean * standard error (SE) and analyzed by
one-way analysis of variance (ANOVA) followed
by Duncan’s multiple range test for post-hoc
comparison of group means. For all tests a
probability (P < 0.05) was considered significant.

RESULTS AND DISCUSSIONS

Hibiscus sabdariffa L was extracted
using ethanol as extraction solvent. It has been
expected that the efficiency was increased by
utilizing Hibiscus sabdariffa L in nanoemulsion
and then blended with different concentration of
dairy dessert. Scheme 1 represents the steps for
the extraction of Hibiscus sabdariffa L (HSE),
nanoemulsion preparation (NHSE), blending with
dairy dessert and the final products were injected
for mice to be used as natural drug against ESC in
mice.

Table 2 shows the chemical composition
of dairy desserts; total solids (T.S) ranged from
24.51 to 25.61 %. Total solids significantly
reduced and moisture increased as added of NHSE
dairy desserts. This result is an agreement with
El-Shibiny et al., * and El-Sayed . The fat and
protein content of dairy desserts prepared with or
without a combination of NHSE was similar. The
ash content of dairy desserts significantly increased
in NHSE dairy dessert treatments contrary to that
the carbohydrates content decreased as raised of
added NHSE to the treatments. The carbohydrate
content was significantly highest with control is
also related to its total solids content. Ash content
was ranged from 0.69 to 0.79%, the highest ash
content observed with treatment that prepared by

Table 1. Composition (%) of different formula used in manufacture

of NHSE dairy desserts
Ingredients Control Treat | Treat I1 Treat I1I
(0.1% NHSE) (0.3% NHSE) (0.6% NHSE)
Milk 85 84.9 84.7 84.4
Sugar 10 10 10 10
SMP 1.8 1.8 1.8 1.8
Starch 3 3 3 3
k- carrageenan 0.2 0.2 0.2 0.2
NHSE 0 0.1 0.3 0.6
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0.6% NHSE (0.79 %) and, this may be owing to
the chemical composition of NHSE #*

Total phenolic content and antioxidant
activity of Hibiscus sabdariffa L. nano-extract
and different treatments of dairy desserts fortified
with NHSE are exposed in Table 3. The total
phenolic compound of Hibiscus sabdariffa L.
extract was 47.51 mg/g extract, and this could
be payable to natural Phyto compounds, for
instance, citric acid, hibiscus acid, hydroxy citric
acid, and protocatechuic acid as main phenolic
composites in Hibiscus sabdariffa L. extract
nanoparticles. Furthermore, Table 3 displayed that
the antioxidant activity of Hibiscus sabdariffa L.
extract nanoparticles was 81.21%, which can be
related to the anthocyanins, which principally
produce the abundant color of the Hibiscus
sabdariffa L. plant #2° Additionally, the total
phenolic content and antioxidant activity of the
different treatments of dairy desserts contain NHSE
at the level 0f 0.1, 0.3 and 0.6 % were significantly

(p<0.05) raised with increasing ratios of NHSE into
dairy desserts. These results proved the several
useful applications of Hibiscus sabdariffa L. extract
nanoparticles, specifically as a good source of
antioxidant activity and bioactive components
Structure evaluations of the prepared Hibiscus
sabdariffa L. extract (NHSE)

TEM images revealed that the Hibiscus
sabdariffa L. extract nanoparticles was in spherical
shape as well as very smooth surface as obtainable
in (Figure 1 a, b). Furthermore, the dynamic light
scattering effect of particle size investigation of the
prepared NHSE was presented in (Figure 1¢) which
displays the average diameter of is approximately
105 nm, which recognizes that the particle size of
NHSE in nanoform during the solubilization of
NHSE in water. Moreover, the polydispersity of
NHSE remarks narrowing particle size distribution
approving to relative literature measurements for
several nanoparticles with homogenous particle
mean diameters and good particle distribution *.

Scheme 1. Photo images that created from every steps of extraction, nanoemulsion
preparation and blending with dairy dessert then treatment of animals
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Biochemistry evaluation of the prepared
Hibiscus sabdariffa L. extract (NHSE)

Oxidative stress is a key player in the
progression of many diseases and it is suggested to
have a considerable role in carcinoma *”- Excess of
highly reactive free radicals production in cancer
initiate a chain reaction that cause inadequate
levels of antioxidants and destruction of biological
macromolecules including lipids, proteins,
carbohydrates, and nucleic acids, and imbalance
body homeostasis 8.

This study reinforces the hypothesis that
positively correlates between the imbalance of
oxidant/anti-oxidant and the progression of ESC
», Our results revealed a statistically marked
increase in serum levels of MDA followed by a
marked decrease in serum levels of SOD and CAT
in Ehlich solid carcinoma group compared to the
control group.

Thus, in this study inoculating mice by
cell line of Ehrlich intramuscular in the hind limb
caused the appearance of visible solid tumor. The
results showed a marked increase in serum levels
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of MDA by 89.1%compared to the control group,
while the percent of changes in pre-treatment
with dairy dessert supplemented in different
concentrations of HSE (0.1 v/v,0.3 v/v, 0.6 v/v)
were -13.3%, -24.2%, -28.43%, and -40.9% in
serum level of MDA respectively compared to solid
tumor group (Figure 2a).

On the contrary, induction of solid tumor
showed a marked decrease in serum levels of SOD
(Figure 2 b) and CAT (Figure 2 c) by -59.4%and
-62% respectively compared to the control group,
while levels of SOD were markedly increased in
groups pre-treated with dairy dessert (free of HSE)
and dairy desserts supplemented with different
concentration of HSE (0.1 v/v, 0.3 v/v, 0.6 v/v)
by 26.9%, 44.8%, 85.2%, 110.7% respectively
compared to solid tumor group. In addition, serum
levels of CAT were markedly increased in groups
treated with dairy dessert (free of HSE) and dairy
desserts supplemented with different concentration
of HSE (0.1 v/v, 0.3 v/v, 0.6 v/v) by 19.6%, 79%,
119.6, 137.9% respectively compared to solid
tumor group. Pre-treatment with dairy dessert

Table 2. Chemical composition of dairy desserts contains different ratios of NHSE

Components Control Treat. 0.1% NHSE Treat. 0.3% NHSE Treat. 0.6% NHSE
T.S% 25.614+0.06 25.538+0.05 24. 69°+0.06 24.51°+0.06
Moisture % 74.39°+0.05 74.47°£0.05 75.318+0.06 75.494+0.06
Fat% 3.22440.06 3.204+0.05 3.18%+0.06 3.162+0.07
Protein% 3.024+0.05 3.024+0.06 3.004+0.06 2.99440.06
Ash % 0.69°+0.05 0.72¢+0.06 0.74%+0.06 0.794+0.05
Carbohydrate %  20.06%+0.06 18.598+0.07 17.77°+£0.05 17.57°+£0.06

Data expressed as mean of 3 replicates + standard error. Means in the same row showing the same capital letters are not

significantly different (p<0.05).

Table 3. Total phenolic content and antioxidant activity of
Hibiscus sabdariffa L. extract nanoparticles and different
treatments of dairy desserts supplemented by NHSE

Samples Total phenol Antioxidant

content (mg/g) activity (%)
NHSE 52.43+0.974 81.21+1.43*
Treat. 0.1% NHSE 4.65+0.27° 11.38+0.61P
Treat. 0.3% NHSE 12.24+0.51¢ 18.57+0.85¢
Treat. 0.6% NHSE 28.73+0.738 37.62+1. 328

Data expressed as mean of 3 replicates + standard error. Means in the same
column with different capital letters are significantly different at p<0.05.
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supplemented with HSE (0.6 v/v) concentration
accounted for the best results compared to the
Ehrlich solid carcinoma group *°.

In the same line, Abd El-Aziz et al.,
reported that Ehrlich carcinoma manifested
elevation in lipid peroxidation product and
appreciable diminish in SOD and CAT. This
alteration of antioxidant levels may be launched
by tumorigenesis. The reduced levels of GSH
found in tumor-bearing mice might be due to the
transformation rate of GSH to oxidized one*'.

Figure 3 summarized serum levels of
TNF-4 (Figure 3a), MMP-9 (Figure 3b) and
Bcl-2 (Figure 3c). It has been shown that there

31

is marked increase in Ehrlich solid carcinoma
group compared to the control group by 184% and
253.3% ,and 114.89 % respectively. Pre-treatment
with dairy dessert (free of HSE) and dairy desserts
supplemented with different concentration of HSE
(0.1 v/v, 0.3 v/v, 0.6 v/v) appeared a significant
reduction of TNF-a concentration by -16.19%,
-38.7% - -47.18% -59.15% respectively compared
to solid tumor group. Pre-treatment with the dairy
dessert supplemented with different concentrations
of HSE (0.1 v/v, 0.3 v/v, 0.6 v/v) cause significant
decrease in serum levels of MMP-9 by -15.8%, -
23.39%, -32.83% , and -45.28% respectively .

Fig. 1. (a,b) TEM, and (c) mean diameter and relative particle size of the prepared NHSE
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P: a significant difference compared to P?) the control group, P°) solid tumor group.
% of change *= percent of change compared to control group.
% of change = percent of change compared to ESC group.

Fig. 2. Serum levels (a) MDA, (b) SOD and (c) CAT of oxidant /anti-oxidant parameters in different studied
groups

40
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P: a significant difference compared to Pa) the control group, Pb) solid tumor group.
% of change *= percent of change compared to control group.
% of change ®= percent of change compared to solid tumor group

Fig. 3. Serum levels of (a) TNF-4, (b) MMP-9 and (c) Bcl-2

41
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P: a significant difference compared to P*) the control group, P®) solid tumor group.

% of change *= percent of change compared to control group.
% of change "= percent of change compared to ESC group.

Fig. 4. Serum level of Hey in different studied groups.

Inoculation of Ehrlich cells results in
a statistically marked increase in Bcl-2 level
in Ehrlich solid carcinoma group compared to
the control group by 114.89%, this level was
decreased with the pre-treatment with dairy desserts
supplemented in different concentrations of HSE
(0.1 v/v, 0.3 /v, 0.6 v/v) by -17.2%, -22.77%, -46,
and -50.49% respectively. Pre-treatment with dairy
dessert fortified with HSE (0.6 v/v) concentration
showed high compatibility against ESC group.

Many studies reported a positive correlation
between inflammation and the development of the
tumor where the inflammatory response is the
inception mechanisms of carcinogenesis *%.
The usual response to the injured tissue which is
characterized by involvement of chemical signals
initiating recruitment and infiltration of leukocytes
to the damaged sites in order to recover the affected
tissue. This kind of physiological inflammatory
response is self-limiting and is terminated after

the assaulting agent is removed or the repair is
completed 34, Some cytokines such as TNF and
interleukins haves an important impact in immune
homeostasis, and inflammation 34.- In this study, we
observed excessive expression of serum TNF-4 in
ESC group compared to the control group; which
may be explained by the fact that the uncontrolled
inflammatory respond that is accompanied by
continuous release of cytokines enhance not only
the rate of malignant growth but also the induction
of tumor in the surrounding tissue in addition
the liberation of reactive oxygen species (ROS),
reactive nitrogen species (RNS) and boosted levels
of macrophages releasing ROS caused alteration of
tissue DNA and resulting in genomic modifications
35 In agreement with our results Aldubayan et al.,
» reported that mice treated by Ehrlich cell line
showed increased tumor size; high expression level
of inflammatory markers including TNF-4.
Another significant marker in many
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types of cancers is matrix metalloproteinases
(MMPs) which are implicated in the differentiation,
morphogenesis and tissue remodeling during
angiogenesis, tumor invasion and metastasis
. The MMP-9, a 92-kDa gelatinase B type IV
collagenase is associated with the pathogenesis
of different diseases because of its considerable
regulation action *’, thus ,investigating MMP-9
activity with ESC could be valuable in tracking
the consequence of this model. In this study, serum
levels of MMP-9 were markedly increased in ESC
group compared to the control group. It has been
evaluated levels of mRNA and protein levels of
MMP-9; they found that protein levels of MMP-9
were increased in papillary thyroid cancer patients.
Zarkesh et al., ** suggested that MMP-9 secreted by
macrophages, neutrophils, and transformed cells
enhances tissue damages particularly in the absence
of their inhibitors. In carcinomas where the major
function of MMP-9 is the degradation of type IV
collagen which is known as the main component of
the basement membrane, hence stimulating tumor
invasion.

Apoptosis is a complicated process and
alterations occur at any stage along these pathways.
Once the imbalance between anti-apoptotic
proteins (Bcl-2) and apoptotic promoter proteins
(Bax) occurs; the affected cells become malignant,
spreads from its site of origin to another part of the
body and become resistant to the anti-cancer drugs.

Thus, During carcinogenesis, the
repression of apoptosis acts as the major impulse in
cancer progression ' The present results revealed
a significant decrease in serum concentration of
Bcl-2 was determined in ESC group compared
to the control group. According to Hochman
et al., the expression of Bcl-2 is regulated by
oxidative stress. In this study, ESC motivated
the augmentation of oxidant and the imbalance
in oxidant and antioxidant enzymes resulting in
impaired functions of Bcl-2 which is in agreement
with the previous study *.

Another promising marker which is
associated with increasing oncogenic risk is Hey.
In this study, serum level of Hcy was markedly
increased in Ehrlich solid carcinoma group
compared to the control group by 215 %. There
was a marked decrease in Hey level by -24.35%,
-32.85%, -40% and -59.2% in all prophylactic
groups respectively compared to ESC group

(Figure 4). It is worthy to mention that pre-
treatment with dairy dessert supplemented with
HSE (0.6 v/v) concentration gave the better results
when compared to ESC group than the lower
concentrations (0.1 and 0.3 v/v).

Akilzhanova et al., *° suggested that Hcy
metabolism control the expression of specific
pathways that affects tumor behavior. Zhu et al.,
4! supposed that HHcy increased the intracellular
accumulation of S-adenosylhomocysteine (Hcy),
which induces the production of oxidative
metabolites of estrogens (catechol estrogens) that
contribute to estrogen-induced tumors in animal
models and in some human cancers such as breast
cancer.

In this study, mice inoculated
intramuscularly with Ehrlich cells showed
significant increase in serum levels of Hcy compared
to the control group. Concomitant with our results,
Hasan et al., *? reported that increased plasma Hey
is closely related to cancer development. Since Hey
is a pro-oxidant, and the formation of Hey-Hcy
dimers and Hcy-protein adducts which stimulate
the formation of highly reactive free radicals such
as homocysteine thiolactone that in turn produces
covalent adducts with lysine or arginine residues
in proteins, resulting in the formation of insoluble
toxic protein aggregates or amyloids leading to
biotoxicity to the endothelial cells *.

Calyces of NHSE are a rich source
of polyphenols, flavonoids (anthocyanins,
deichlphinidin, hibiscetin, queNHSE tin and
gossypetin, protocatechuic acid (PCA)), alkaloids
(L-ascorbic acid, carotenoids, anisaldehyde,
galactose, mucopolysaccharides, pectin),
polysaccharides, and stearic acid ** Anthocyanin,
flavonoids, PCA, and L-ascorbic acid have been
demonstrated to have antioxidant effect in vitro
and in vivo . Thus, in this study we evaluated the
effect of dairy dessert supplemented with different
concentrations of nano-NHSE against Ehrlich solid
carcinoma. According to Hussein et al., , the
development of therapeutic forms of nanoparticles
could be useful in enhancement of the bioactivity
and effectiveness of natural extracts in treatment
of different diseases.

In this study, treatment of ESC with
dairy dessert (free of NHSE) and dairy dessert
supplemented with different concentrations of
NHSE regulated levels of oxidant via its activity
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in scavenging ROS through protecting cells
against lipid peroxidation product, blocking the
activity of xanthine oxidase, enhancing activity
of glutathione, SOD, and CAT '°. Besides, dairy
dessert supplemented with different concentrations
of NHSE attenuated the inflammatory response
initiated by Ehrlich cells. This anti-inflammatory
and immune stimulatory effect is exerted by
enhancement the releasing of IL-10, inhibiting
the liberation of TNF-4 %7, and reducing
cyclooxygenase-2 activity by down-regulating
JNK and p38 MAPK *,

HSE is a rich source of anthocyanins
and polyphenolic compounds; these compounds
induced apoptosis against human leukaemia cells
4 via the p38-FasL and Bid pathway and ROS-
mediated mitochondrial dysfunction pathway
and against smooth muscle cells via p38 and p53
pathway % The anti-cancer activity of NHSE
were assessed against human prostate cancer cells
in vitro and in vivo through Bax/cytochromec-
mediated caspase 9 and Fas-mediated caspase
8/t-Bid pathways ', These results may explain
the remarkable increase of Bcl-2 in ESC treated
groups.

The percent of changes in the above-
mentioned results appeared the potency of
supplemented agents in attenuating oxidative stress
as well as inflammation according to the increasing
in its concentration (0.6 is more potent than 0.3 and
the latter is more potent than 0.1) and all of them
more potent than the extract alone. This to confirm
our hypothesis about the role of using nanoparticles
in enhancing the efficacy of this extract; in addition
to appear the idea in using different doses to
give the best result. So, we can confirm that the
effectiveness of Hibiscus sabdariffa L. extract
nanoparticles is dose dependent.

CONCLUSION

In the current study, Hibiscus sabdariffa
L. was extracted and used for the preparation
of Hibiscus sabdariffa L extract nanoparticles
(NHSE) that were prepared in small size and
well distribution. Different concentrations of the
as prepared nanoparticles (NHSE) were blended
with dairy dessert to be used as nutrient for mice
in order to evaluating its effect against Ehrlich
solid carcinoma. Also, it is used for modulating the

balance between oxidant and antioxidant enzyme
activity, attenuating levels of inflammatory markers
and prohibiting tumor growth. The data obtained
revealed that dairy desserts combined with NHSE
play a valuable role in banning the release of
reactive oxygen species, enhancing the immune
response and preventing the progression of the
tumour.
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