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ABSTRACT

One of the most dangerous types of cancer is leukemia which is predominant in
children more than adult. The present study aimed to evaluate the chemopreventive activity
of curcumine lipoiate on tumor progression and hematopoiesis in the peripheral blood either
in free form or conjugated with Zinc Oxide nanoparticles (ZnO-NPs) on the incidence of
7,12- dimethylbenz (a) anthrathene (DMBA) induced leukemiain female wistar rats. The
activity of f2 microglobulin and CBC in addition to the activities of the most important free
radical scavengers of the antioxidant defense system as well as malondialdehyde content
were estimated. Liver function and kidney function markers were also determined for all
groups. Cytopathological examination of peripheral blood of each group was also performed.
The result of the present study revealed that, curcumine lipoiate conjugated with ZnO-NPs, is
more potent antitumor effect than in free form, as it normalizes most of the investigated
parameters.

In conclusion,these results proved that, the conjugation form resulted in super-
additive inhibitor effects on leukemic cells and this was well appreciated with the
cytopathological alteration findings in the treated groups, these findings suggest that
curcuminelipoiate with Zinc-Oxide play an important role in prevention of leukemia.

Key words: Chemopreventive activity, curcumine lipoiate, inhibitor, leukemia,
nanotechnology

INTRODUCTION

One of the most dangerous types of cancer is leukemia which is predominant in
children more than in adults. The behavior of leukemia is different than that of other cancers,
which usually begin in major organs and ultimately spread to the bone marrow. Leukemia has
two types, chronic and acute leukemia, the latter is rapidly progressing leukemia that starts in
the bone marrow and causes large number of white blood cells to be produced and enter the
blood stream™®.

There are several types of leukemia (acute lymphoblastic leukemia ALL, acute
myeloblastic leukemia AML, chronic lymphoblastic leukemia CLL and chronic myeloginous
leukemia CML)®. Although the risk for cancer is multifactorial and often seems to have
confusing causes with no easy cures, a substantial portion of cancer incidence rates is
believed to be due to environmental factors, including diet and exposure to certain
chemicals®.The magnitude of the contribution to cancer of the bone marrow from exposure
to environmental chemicals remains unclear. Nevertheless, one of the agents which has
previously been identified to be responsible for the development of neoplasia is the
polycyclic aromatic hydrocarbon (PAH), 7,12-dimethylbenz[a]anthracene (DMBA), which is
an immuno-suppressor as well as a potent organ-specific carcinogen”. The mechanism by
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which DMBA works relies on its capability of inducing oxidative stress and producing
reactive oxygen species, which represent the key role in initiating the cancer process®.

The high prevalence of leukemia provides a strong rationale for identifying new
compounds, both natural and synthetic, for use as cancer chemotherapeutic agents with
limited side-effects. There is evidence that a variety of chemicals can inhibit, delay, and/or
reverse cancer induced by either environmental insults or life style®.

Natural products are the best way to prevent or treat tumor progression. Curcumin
lipoiate proved that it is one of the best way to prevent cancer. The chemical composition of
curcumin lipoiate consists of conjugation of curcumin with lipoic acid which are very strong
natural antioxidants. Curcumin lipoiate is relatively non toxic with a no effect level.

Deng et al.(7) indicated that nanotechnology has an advantage in cancer therapy and
he found that metallic nanoparticles especially Zinc-Oxide nanoparticles activate neural stem
cell apoptosis by activating Fas, caspase-8 and induce mouse epidermal JB6 cell apoptosis.
On the other hand, some investigations showed that nanoparticle supplementation can o
prevent cancer occurrence. Metal oxide nanoparticles, including zinc oxide, are versatile
platforms for biomedical applications and therapeutic intervention®. In this regard, studies
have been reported that ZnO-NPs induce selective cytotoxic action on mammalian cancer
cells in a cell-specific and proliferation-dependent manner which suggests an exciting
potential for ZnO-NPs as novel alternatives to cancer therapy®. However, there are several
issues which need to be resolved before translation of zinc oxide nanoparticles into medical
use, including a better understanding of the mechanism of their selective cytotoxic action®.

This study aimed to examine the effects of chemo-preventive activity of curcumine
lipoiate on tumor progression, chemotherapeutic efficacy and hematopoiesis in the peripheral
blood either in free form or conjugated with the ZnO-NPs.

MATERIALS AND METHODS
Experimental animals and materials:
Wister female rats weighing 50+20 g were obtained from Nile Company at Amiria,
Cairo. Rats were housed in plastic cages, five rats in each cage in freely fed of rats diet and
excess of drinking water at temperature 22+3 C° at the National Center for Radiation
Research and Technology (NCRRT), Cairo.

Chemicals:
All chemicals were obtained from Sigma Aldrich Company, Egypt.

Curcumin lipoiate, compound was prepared by professor Abdelfattah Badawi, prof. of
applied chemistry in Egyptian Petroleum Research Institute (EPRI).

Biosynthesis of curcumin lipoiate according to Kappe™®:

First, approximately 2.4mmol curcumin was weighed and dissolved in 50 ml dioxane.
Following the addition of 0.3 : 0.73 g pyridine, 4.8 mmol Lipoic acid was added to the
system dropwise. The system was allowed to react for 2 hours in an ice water bath. The
reaction was monitored by TLC, which was developed with 3:1 chloroform/ethyl acetate.
Second, the product obtained was poured into 40 ml petroleum ether for filtering. The
resultant precipitate was dissolved into 30 ml ethyl acetate. The solution was washed twice
with 20 ml of 1 mol/L hydrochloric acid solution and once with saturated sodium carbonate
solution. The resultant material was dried for 2 h by adding 3 g anhydrous sodium sulfate.
Subsequently filtration was performed and the filtrate was removed by spinning. Then the
crude product curcumin Lipoiate was obtained. Third, the above crude product curcumin
Lipoiate was loaded onto a silica gel column and diluted with 7:1 petroleum
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ether/chloroform. The target product was collected and dried in vacuum to obtain
approximately 1.67 g final product, i.e. curcumin Lipoiate. Fourth, curcumin Lipoiate
prepared by this example was confirmed to possess an expected structure of curcumin
Lipoiate by using the micro elemental analysis method as follow:

Compound Carbon % (C%) Hydrogen % (H%) Sulfer % (S%)
Curcumin lipoiate | Found Calculated | Found Calulated | Found Calculated
26.4% 28.6 % 5.5% 56% 23.9% 23.8%

Biosynthesis of curcumin lipoiate/ ZnOnano-composite:

Two stock solutions of standard Curcumin Lipoiate and its conjugate ZnO-NPs were
prepared. Approximately 0.0373 gm/ml Curcumin Lipoiate was dissolved in dimethyl
sulfoxide (DMSQ0),0.0373 gm/ml ZnO was suspended in (DMSQ). The 2 solutions were
mixed and kept in dark glass containers and stored at 4°C. A series of dilutions were carried
out to achieve a final concentration of curcumin lipoiate (10, 25, 50, 75 and 100pg/m1)(11).

Methods:
Evaluation of antitumor efficacy of the tested compounds:

The present study was designed to comprise a series of in vitro and in vivo
investigations as following;

In vitro studies:
Viability test:
Trypan blue exclusion method (1hour experiment)

The results of this method easily distinguish between viable and nonviable cells, since
the former are unstained, small, and round, while the latter are stained and swollen. The
traditional method of performing trypan blue cell viability analysis involves manual staining
and use of a hemocytometer for counting™®.Ehrlich Ascites Carcinoma (EAC) (mouse tumor)
was used to investigate the antitumor activity of curcumin lipoiate and nano-zinc oxide
suspension in curcumin lipoiate. The parent line of EAC was supplied through the National
Cancer Institute (NCI), Cairo University. The tumor line was maintained in female Swiss
albino mice by intrraperitoneal transplantation of 2.5 x 10° cells"?. The antitumor effect and
inhibitory concentration 50 (IC.;) of curcumin lipoiateand a combination of (curcumin

lipoiate+ZnO-NPs) were investigated on the viability ofEhrlich Ascites Carcinoma (EAC).

In vivo study:
Determination of LD50:

Traditionally acute oral toxicity testing has focused on determining the dose that kills
half of the animals (i.e., the median lethal dose or LD50), the timing of lethality following
acute chemical exposure, as well as observing the onset, nature, severity, and reversibility of
toxicity™?.

The optimum selected dose for evaluating the in vivo antitumor activity of the novel
synthesized curcumin lipoiate was calculated as (1/12) of it’s LD50 value, which was
50mg/kg (b.w.). Whereas, curcumin lipioate combined to ZnO nanoparticles were used in a
dose equivalent to approximately 50% of the dose selected for curcumin lipoiate, this equals
25mg/kg (b.w.).The in-vivo study was carried out using these doses for experiment. Fresh
solutions of the tested compounds were prepared in sterile saline, according to their chosen
doses, just prior their administration.
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Work-flow design:

In the present study animals were divided into six groups (each group consisting of 10
rats), which were recognized as follows:

G (1) (Normal control):This group comprised normal rats received oral doses of DMSO.
Animals were left for 3 months then they were scarified.

Group (2) (Curcumin lipoiate): Animals were intraprotonially injected with curcumin lipoiate
three times a week (day other day) in a dose of 50 mg/kg b.w. till the end of the
experiment.

Group (3) (Curcumin lipoiate + ZnO-NPs): Animals were intraprotonially injected with
curcumin lipoiate + ZnO-NPs three times a week in a dose of 25 mg of cur.lip+ZnO
/kgb.w.till the end of the experiment.

G(4) (DMBA): Animals were intravenously injected with 7, 12 dimethyl benz (a) anthracene
(DMBA) two times a week in a dose of 35 mg/kg b.w.till the end of the experiment.

Group (5) (DMBA + Curcumin lipoiate):Animals were intraprotoneally injected with
curcumin lipoiate as mentioned in group (2) as well as the injection of DMBA as
described in group (4) until the end of the experiment (three months).

G(6) (DMBA + Curcumin lipoiate + ZnO-NPs):Animals were intraprotonially injected with
curcumin lipoiate + ZnO-NPs as described in group (3) as well as the injection of
DMBA as mentioned in group (4).

Experimental protocol (blood sampling and plasma preparation):

The animals were sacrificed after 3 months from the beginning of cancer induction
with or without different protection. Whole blood was collected from heart by syringes and
divided into two portions, the first portion was whole EDTA blood and used for the
determination of complete blood picture (CBC) automated™®.Also, whole blood used to
measure antioxidants status and lipid peroxidation were determined colorimetrically as
reduced glutathione content (GSH) and %ﬂutathione peroxidase (GPx) measured™”,
superoxide dismutase (SOD) ®® and catalase'® and determination of lipid peroxide level
(LPX®®_ Liver function indicators were determined colorimetrically as total protein (TP)®"
and albumin®. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST)??,
alkaline phosphatase (ALP) ®® and y Glutamyl Transferase (GGT)"® also werecarried out.
Kidney function indicators as Creatinine® and blood urea® were estimated using a
diagnostic Kit. The other portion was centrifuged and separated plasma was used for the
determination of the following: B2 microglobulin using ELISAkit which based on the principle of a
solid phase enzyme-linked immune sorbent assay (ELISA)®®"

Cytopathological examination: was carried out from peripheral blood smear by
staining it with Giems a stain to be examined under microscope®”.

Statistical analysis: All statistical analyses were performed using computerized
software, SPSS program (Statistical Packages for Social Sciences, version 15.0)%% ?. Data
were analyzed using a one-way analysis of variance (ANOVA), followed by least significant
difference (LSD) multiple comparisons test, when an overall significance was indicated by
the P-value. The level of significance was set at P < 0.05 in all cases. All data are reported as
the mean + S.D. for six rats per each group.
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RESULTS
The efficiency of curcumin lipoiate alone or conjugated with ZnO-NPs evaluated by
both in vitro and in vivo studies.

In vitro study:

The results were indicated in Table (1). The 50% growth inhibitory concentration
(ICq) values for free curcumin lipoiate and it’s combination with ZnO-NPs were estimated
from the available cytotoxicity. The novel curcumin lipoiate+ZnO-NPs exhibited the
strongest in vitro anticancer activity against Erlich Ascited Carcinoma (EAC), it recorded the
lowest IC;, value (20pg/ml) comparable to that of free curcumin lipoiate (50pg/ml) against

(EAC).

Parameter GPx
(rﬁg%) (oxidized GSH/ | n?gc;r[r)ll) (mgﬁJml)
Groups ml)
Control 61.8+3.1° 0.8+0.04° 7.2+0.3"° 0.2+0.03"
curcumin lipoiate 51.6+4.9® 0.8+0.13° 5.9+0.8% 0.2+0.02°
curcumin b b b ab
lipoiate+ZnO 55.9+4.9 0.8+0.16 6.9+0.3 0.3+0.03
DMBA 12.1+6.7° 0.3+0.092 0.24¢0.1°2 0.08+0.032
DMBﬁSOCi:{eC“m'” 46.0+4.4% 0.9+0.19° 5.1+0.18% 0.16+0.01°
DMBA+ curcumin 55.4+5.1" 0.740.13" 5.140.26% 0.2+0.03"
lipoiate+ZnO

Table (1): The IC., values of Curcumin lipoiate and Curcumin lipoiate combined with
ZnO-NPs on Erlich Ascites Carcinoma (EAC).

In vivo study:
Biochemical Analyses:
whole blood Antioxidant defense system:

After three months of treatment, antioxidant activity levels (GSH, GPx, SOD and
CAT) were shown to be decreased significantly in the DMBA- induced group (G 4)relative to
control group, while there was an improvement in antioxidants levels observed in the treated
groups either with urumin lipoiate alone or with its conjugate ZnO NPs compared with the
DMBA treated model group. More improvement was observed in group treated with curumin
lipoiate + ZnO NPs comparable with its free form (Table 2).

50 % inhibitory concentration (1Csy mg/ml)
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Test com?lcém)d Curcumin linoiate Curcumin lipoiate combined Taple
Cell line < P with ZnO-NPs (Suspension) (2):
! Effect of
Erlich cell line 50 20 individu

al
curcumin lipoiate and its combined form with ZnO-NPs on whole blood antioxidant
defense system:

Each value represents the mean of 6 records + S.D.
a: significant different vs normal control group.
b: significant different vs DMBA administrated group.

Lipid Peroxidation:

MDA level was increased significantly in the DMBA treated model relative to control
group, but decreased in groups treated with curcumin lipoiate and its conjugated form with
ZnO-NPs compared with the DMBA model group (Table 3).

B2 microglobulin levels:

Results in Table (3) showed that, DMBA-treated group displayed a significantly
increase in B2 microglobulin relative to control group (which would be due to presence of
tumors). On the contrary, curcumin lipoiate and curcumin lipoiate/ZnO supplementation
significantly decreased the B2 microglobulin level. Such that, B2 microglobulin was elevated
in the DMBA-model compared to both the treated group and the normal control groups.

Table (3): Effect of individual curcumin lipoiate and its combined form with ZnO
nanoparticles on plasma lipid peroxidationand 2 microglobulin levels:

Parameters MDA B2 microglobulin
roups (mmol/L)
Control 98.6+2.1" 0.740.6"
curcumin lipoiate 108.6+2.2% 0.7+0.6"
curcumin lipoiate+ZnO 102.6+1.8° 0.740.5"
DMBA 31025.7° 112.3¢73.7°
DMBA+ curcumin lipoiate 118.2+¢7.1%® 0.9+05"
DMBA+ curcumin lipoiate+ZnO 94.9+3.8° 0.5+0.4"

Each value represents the mean of 6 records + S.D.
a: significant different vs normal control group.
b: significant different vs DMBA administrated group.

Complete blood picture (CBC):
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The complete blood picture (CBC) [white blood cells (WBCs) (10°/mm?), Red blood
cells (RBCs)(10%/mm?®), hemoglobin (Hb) (g/dl), Platelets (Plat) (10/mm?®), hematocrit

Prameter. MCH(pg) MCHC Lympho- Neutro- Mono-(%) | Eosino-(%)
Groups (g/dl) (%) (%)
Control 32 142.3 331403 | 28.3+2.2° | 60.0+2.6° | 4.9+0.4° 6.6+1.2"
curcumin 32.4+1.4° 33.3+0.0° | 28.4+42 | 60.6+3.8° | 7.0+3.4° 4.0+2.5%
lipoiate
_curcumin 32.320.7° | 33.3+0.02° | 27.647.3 | 58.5+6.6" | 8.3x2.8°" 6.4+0.9"
lipoiate+ZnO
DMBA 27.0+1.7° 33.6+0.5% | 20.5+0.7° | 2.5+0.7° 0.4+0.92 0.0+0.02
DMBA+
curcumin 32.1+1.9° 33.3+0.0° | 55.849.1%° | 40.0+7.2® | 3.4+3.4° 0.8+0.82
lipoiate
DMBA+ 3.0+2.1®
curcumin 31.9+3.1° 33.1+0.4° | 61.8+2.9® | 31.0+3.1* | 52+3.3°
lipoiate+ZnO

(HCT) (%), MCV (fl), MCH (pg) and MCHC (g/dl), lymphocytes (%), Neutrophiles (%),
Monocytes (%) &Eosinophiles (%)]were determined in female Wister rats. Data presented in
Tables (4, 5) showed a highly significant decrease in WBCs count (% of Neutrophiles, % of
Monocytes, % of Eosinophiles), RBCs count, hemoglobin concentration, Platelets count and
indices of RBCs (HCT,MCV, MCH and lymphocytes) in group with leukemia (G4)
compared to control group (G1), but MCHC percentage showed a significant change with
control. Whereas, a highly significant increase in lymphocytes percentage was observed in
DMBA treated groups either with curcumin lipoiate or curcumin lipoiate + ZnO (P<0.001)
compared to control. Meanwhile, in all studied groups of animals with leukemia showed a
significant improvement with treatment either by curcumin lipoiate (G5) or curcumin lipoiate
+ ZnO (6) in WBCs count, % Neutrophiles, % Monocytes, % Eosinophiles, RBCs count,
hemoglobin concentration, platelets count and indices of RBCs (HCT, MCV, MCH and
MCHC). As well as for platelets count, there was a non significant change in platelets count
(p>0.05) in group supplemented with curcumin lipoiate + ZnO (G3) when compared to
control group.

Table (4): Effect of individual curcumin lipoiate and its combined form with ZnO
nanoparticles on WBCs, RBCs, Hb, platelets, HCT and MCV.

Each value represents the mean of 6 records £ S.D.

a: significant different vs normal control group.

b: significant different vs DMBA administrated group.

Table (5): Effect of individual curcumin lipoiate and its conjugated form with ZnO-NPs
on MCH, MCHC, lymphocytes, neutrophiles, monocytes and eosinophiles:
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Each value represents the mean of 6 records + S.D.
a: significant different vs normal control group.
b: significant different vs DMBA administrated group.

Contents of Plasma Creatinine and Urea:
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According to kidney function indicators, there was a significant increase in the levels
of creatinine and urea, in the DMBA received groups. However treatment with curcumin

lipoiateandits combined form withZnO-NPs has a significantly improvement in the levels of
the kidney function indicators compared with that in the DMBA-model group (Table 6).

Table (6): Effect of individual curcumin lipoiate and its combined form with ZnO

nanoparticles on plasma levels of renal function indicators.

Parameters Creatinine Urea
Groups (mg/dl) (mg/dl)
Control 0.40.1°" 41.0+2.0°
curcumin lipoiate 0.6x0.07 41.643.6"
curcumin lipoiate+ZnO 0.4+0.1°" 40.6+2.7"
DMBA 0.9+0.09% 59.8+3.9°%
DMBA+ curcumin lipoiate 0.620.15 48.242.1°
Para L WBCs . |. % 0/4+0r08elets 2+1.6, 0
o3 A+ cvfwmh‘r\;)llpc |zﬁ€§— mmb) Hb(g/dl) (10%cmm?) MCV‘%ﬁ) ?—lCT( %)
Control 5.1+0.55° 4.1+0.39° | 13.240.3° 220.2422.9° | 926+11.5" | 39.641.1°
ﬁ‘;g‘;;{:'” 4.140.24% 41+01° | 13.1+0.7° | 181.0#15.9% | 097.3+42° | 39.442.2°
" b
_curcumin 40+011% | 41401° | 13.1402° | 23524242° | 9708217 1 494,570
lipoiate+ZnO
Pa 1MO0T5* | | 3.089M5° || 81205 27 BH5D° @ﬂ’%ga 24813 52
f"r nnnnn I=I IIL\ I=I IIL\ {1 IIL\ {1 IIL\ g al prOt_e'n
MEAU+UPD (rorc) (rors) 1NZA =) (o) (g/dl)
C@eHm 20604087 | | Sra006” || 1280060° | | 1e@2a” | 96.2836° || 6B3BBT’
(‘url‘ﬂﬁiﬁf{e h h h h h h
|ip&MLBA+ 20.0x/.1 497215 oZ.0Fc6.U 20.0X2.7 4.1¥0.4 0.0x0.0
29%0.63° 29%0.63° 13.6F0.8° 195.0£25.0° 96.4F9.1° AT 0E24°
|in%¥a?£ﬂgrh@ 21.6+4.8° | | 44.8+38" 67.616.7" 23.4457° | 3.9+0.8° 7.0£0.5
DMBA 60.0+15.0° | 141.4+32.9% | 323.6+55.2% | 65.6+8.8° 5.0+0.1° 7.9+0.1°
DMBA+
curcumin 29.2+43.7° | 68.0+10.3° 70.845.5° 29.6+1.1° 3.9+0.3" 6.6+0.3"
lipoiate
DMBA+ 24.8+4.7° 57.046.7° 62.849.7° 24.4+4 5" 4.0+0.5° 6.7+0.4°
curcumin
lipoiate+ZnO

Each value represents the mean of 6 records + S.D.
a: significant different vs normal control group.

b: significant different vs DMBA administrated group.




19
Evaluation of chemopreventive activity of curcumine lipoiate as an inhibitor of
leukemia using nanotechnology

Detrmination of liver functions:

Liver function tests [aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), y Glutamyltransferase (GGT), total protein (TP), and
Alb) were determined in plasma. The results in table (7)showed that, a significant increase in
the activity of ALT, AST , ALP, GGT, albumin and Tp of leukemic group without treatment
compared to control. There was an improvement in liver enzymes activities in leukemic
animals treated with Cur.lipoiate and Cur.lipoiate-ZnO when compared with leukemic group.

Table (7): Effect of individual curcumin lipoiate and its combined form with ZnO-NPs
nanoparticles on plasma levels of liver function indicators.

Each value represents the mean of 6 records + S.D.
a: significant different vs normal control group.
b: significant different vs DMBA administrated group.

Cytopathological examination:
Examination of peripheral blood smears stained with Giemsa stain indicated :.
A: normal blood smear (control) with normal blood cells (c),
B: blood smear of leukemic group, with blast cells (b) that represent an average 74% of the
total WBCs count.

Legends of Figure
Figures (A, B, C, D, E, F): Photographs of peripheral blood smear of different groups,
stained with Giemsa stain, Magnified X 100 .

A: Control group with normal blood cells (c) .

B: Leukemic group, with blast cells (b).

C: Leukemic group supplemented with curcumin lipoiate , showing improved blood film ,
without blast cells.

D: Leukemic group supplemented with curcumin lipoiate+ ZnO-NPs , showing improved
blood film , without blast cells.

E: Group supplemented with curcumin lipoiate NPs , showing normal blood cells.

F: Group supplemented with curcumin lipoiate + ZnO-NPs , showing normal blood cells.
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A: Blood smear concerning normal control. B: Blood smear concerning leukemic group.

C: Blood smear concerning leukemic group
supplemented with curcumin lipoiate alone. Supplemented with curcumin lipoiate + ZnO.

E :Blood smear concerning group with F: Blood smear concerning group with
Curcumin lipoiate only. curcumin lipoiate + ZnO.
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DISCUSSION

There is an increasing evidence that cancer and other mutation related diseases can be
prevented not only by avoiding exposure to recognized risk factors but also by favoring the
intake of protective factors and by modification of defense and DNA repair mechanisms of
the host organism. This strategy referred to as chemoprevention and it is realized by means of
suitable pharmacological agents and/or by dietary factors®?. In the present study, the cytotoxic-
effects and the biological activities of curcumin lipoiate and curcumin lipoiate combined with
ZnO-NPs as antitumor agents were evaluated both in vitro and in vivostudies. The in vitro
study was conducted to evaluate the cytotoxic effects of the tested compounds on the
ErlichAscite Carinoma (EAC) using Trypan blue assay. The results revealed that both
curcumin lipoiate and curcumin lipoiate+ZnO-NPs affect cell viability of (EAC). These
results are in harmony with early studies which observed in vitro anticancer activity of
curcumin compounds against many cancer cell lines(31). Referring to the 50% growth
inhibitory concentration (ICs;) values, the novel curcumin lipoiate conjugated with ZnO-NPs

exhibited the highest in vitro tumoricidal effect against (EAC) which is dose-dependent.
Where, it recorded the lowest(IC:;) comparable to that of curcumin lipoiate alone. These

results may suggest that, the action of curcumin lipoiate+ZnO-NPs resulted in super-additive
cytotoxic effects on leukemic cancer cells.

The current in vivo study aims to investigate an antitumor activity of curcumin
lipoiate which of natural origin either in free form or conjugated with ZnO-NPs. Breast tissue
and bone marrow may be a major target for the toxicological effects of a variety of lipophilic
carcinogens such as polycyclic aromatic hydrocarbon (PAH)(32-33)respectively. Metabolic
activation of DMBA,a member of the PAH family, by cytochrome P450 (CYP) enzymes
produces radical cations, free radicals and oxygenated metabolites (epoxides) that bind
directly to DNA, presumably leading to genetic mistakes that result in cancers(34). Numerous
studies have shown that 7,12-dimethylbenz(a)anthracene (DMBA) can be used to induce
experimental leukemia in rats and that this process involves disruption of tissue redox
balance; in turn, this suggests that biochemical and pathophysiological disturbances may
result from oxidative damage(35).The extent of oxidative stress was evaluated on the basis of
its foremost biomarkers such as; activities of some antioxidant defense enzymes and lipid
peroxidation end products (MDA, a byproduct of lipid peroxidation).Oxidative stress,
resulting from ROS generation, is one out of several etiological and pathophysiological
factors implicated in carcinogenesis (36). Kaur et al . (37) reported that, it is considered to be
implicated in the path of physiology of breast cancer. Under normal circumstances, ROS are
efficiently kept in check by body's elaborate antioxidant defense system which keeps
equilibrium between ROS formation and dissipation (36). However, such protective
mechanisms can be broken easily by environmental exposure to chemicals, such as DMBA,
which disrupt the pro-oxidant-antioxidant balance, leading to cellular anomalies (38).
Antioxidant enzymes act as the primary line of defense against ROS which suggest their
usefulness in estimating the risk of oxidative damage induced during carcinogenesis(39).
Moreover, the study of Arulkumaran et al.(39) inferred that, the biochemical alterations
observed in cancer bearing animals may be due to the reduction of antioxidants levels (GSH,
GPx, SOD and CAT) following carcinogen (DMBA) administration; which may be due to the
utilization of antioxidants to scavenge the free radicals. The decreased level of CAT observed
in cancer-bearing animals may be due to the utilization of antioxidant enzymes in the removal
of H,O, by DMBA. Moreover, decreased level of CAT activity was measured in patients of
leukemia and breast cancer diseases (42).Results of the present work revealed a significant



22
Ahmed Salem et al.

increase in the GSH content in both tumor-free and tumor-induced rat groups treated with
either our novel curcumin lipoiate alone or combined with ZnO-NPs compared to DMBA
group. Similarly, GPx activity also significantly increasedin tumor-induced rat groups treated
with curcumin lipoiate alone and curcumin lipoiate+ZnO-NPs compared to DMBA group.
Our results revealed that, a significant increase of SOD activity in rat groups treated with
either curcumin lipoiate and curcumin lipoiate+ZnO-NPs compared to DMBA group.
Furthermore, CAT activity was significantly increased in both rat groups treated with
DMBA-+curcuminlipoiate and DMBA-+curcumin lipoiate+ZnO-NPs with respect to DMBA-
treated rat group and these results agreed with previous reports(43).Oxidative stress,
especially lipid peroxidation is known to be involved in carcinogenesis (45). Increased levels
of lipid peroxidation products play a role in the early phases of tumor growth. So that, in the
present study, injection of DMBA intravenously to female Wister rats has been proved to
induce significant deleterious changes in antioxidant status. As the results revealed a
significant increase in MDA level compared to normal control, these findings were in
agreement with previous studies which reported that tumor incidence could cause antioxidant
disturbances, acceleration in lipid peroxide, and decrease in GSH content and increase in y-
glutamyl transpeptidase activity (46).The biochemical findings of DMBA injected group
showed noticed elevation in the beta-2 microglobulin, compared to the control group
indicating that there is a cancer in the DMBA injected group due to carcinogenicity of
DMBA. Our results revealed that, DMBA group pretreated with curcumin lipoiate showed a
marked depletion in MDA level as well as B2 microglobulin level compared to the DMBA
group.Complete blood picture parameters especially platelets, hemoglobin, WBCs,, RBCs
and RBCs indices were depleted in DMBA group as agreed with previous study(46). While,
there was an improvement in these parameters upon its treatment with curcumin lipoiate and
its conjugate ZnO-NPs.Also, differential counting improved in case of pre-treated groups
with curcumin lipoiate and its conjugate ZnO-NPs in contrast with DMBA group.Also, liver
and kidney functions like (ALT, AST, ALP, TP, GGT, Albumin, Urea and Creatinine) were
improved in treated groups with our novel compound more than non treated groups.The
results of our study revealed that, curcumin lipoiate and its conjugate ZnO-NPs showed anti-
tumor and hematopoietic effect through it can inhibits over cell proliferation hence, it can
prevents formation of blast cell.

In the present study cytopathological findings revealed that pretreatment with
curcumin lipoiate and its conjugate ZnO prevented tumor induction in blood as it prevents
leukemia but the results of curcumin lipoiate + ZnO is more better than of curcumin lipoiate
only. There were noticeable normal blood cells in the peripheral blood smears, with normal
cell counts, no presence of a typical cells and no evidence for blast cells, as curcumin is
potent antiangiogenic agent. In the present study, the results indicated that the antitumor
activity of the curcumin lipoiate was significantly enhanced by its conjugate ZnO
nanocomposite.

Hence, Combination of different sized ZnO nanoparticles curcumin lipoiate could
have synergistic cytotoxic effect on leukemic cancer cells, indicating the great potential of
ZnO-NPs in relevant clinical and biomedical application.From the above mentioned results it
can be concluded that, pretreatment of DMBA group with ccurcumin lipoiate + ZnO-
NPsShowed more improvement in antioxidant state than that of curcumin lipoiate alone.
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