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A B S T R A C T 

 

Breast cancer is the second leading cause of cancer death in women, There are several ways to treat 

breast cancer .The effect of Lysine-Cetrimonium gallium Complex with zinc oxide nanopatricle and 

sodium ascorbate (NNC) on DMBA induced mammary carcinogenesis was investigated in female 

rats. Oral dose of DMBA induced a significant increase in ALT, AST, MDA and serum NO levels. 

On other hand marked depletion in CAT, GSH. On other hand oral administration of NNC was able 

to mitigate mammary carcinogenic damage induced by DMBA as evidence to pronounce curative 

effect against lipid peroxidation, serum NO level and deviated enzymatic variables and maintained 

glutathione status, antioxidant enzymes in addition histopathological changes directed toward 

control. We observed that the administration of (NNC) have potential to exert curative effects 

against mammary carcinogenesis. 

Keywords:Breast cancer, gallium chloride, Zinc oxide nanoparticles,CTAB 

(http://www.bvmj.bu.edu.eg)(BVMJ-33(2): 375- 383,, 2017) 

1. INTRODUCTION 

Breast cancer is still today one of the leading 

causes of cancer mortality despite the 

development of improved diagnostic tools 

and novel therapeutic modalities. At present, 

combination therapy (i.e., combinations of 

different chemotherapeutic drugs in a 

chemotherapy regime) is becoming a more 

popular attractive strategy for effective 

anticancer treatment because it generates 

synergistic anticancer effects, reduces 

individual drug related toxicity, and 

suppresses multi-drug resistance through 

different mechanisms of action (Parhi, 2012) . 

 Over the past two to three decades, gallium 

(Ga) compounds have gained a steady interest 

in the field of clinical medicine due to the 

proven ability of Gacations to inhibit tumor 

growth both in vitro and in vivo, on the one 

hand, and enhanced bioavailability and 

efficacy provided by the conversion of Ga 

into chelate complexes. (Collery, 2012). In 

recent years, nanotechnology-based 

combination drug delivery systems to the 

cancer tissue have emerged as an effective 

strategy by overcoming many biological, 

biophysical, and biomedical barriers, largely 

due to the physical and chemical properties of 

these nanomaterials. Therefore, 

administration of different chemotherapeutic 

drugs in combination, with a suitable 

nanocarrier platform could be considered as 

an emerging approach for the treatment of 
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cancer in near the future by offering smart 

drug delivery systems (Parhi, 2012). 

Zinc oxide (ZnO) NPs belonging to a group 

of metal oxides are characterized by their 

photocatalytic and photo-oxidizing ability 

against chemical and biological species. In 

recent times, ZnO NPs have received much 

attention for their implications in cancer 

therapy (Zhang et al., 2011) . Several studies 

have shown that ZnO NPs induce cytotoxicity 

in a cell specific and proliferation-dependent 

manner, with rapidly dividing cancer cells 

being the most susceptible, and quiescent 

cells being the least sensitive (Premanathan et 

al., 2011) . Surfactantsare wetting agents that 

lower the surface tension of a liquid, allowing 

easier spreading, and lower the interfacial 

tension between two liquids. CTAB is a 

quaternary ammonium compound belonging 

to a group of small molecules known as 

delocalized lipophilic cations (DLCs). 

Because of their lipophilic nature and 

delocalized positive charge, DLCs can 

penetrate the hydrophobic barriers of plasma 

and mitochondrial membranes and 

accumulate in the mitochondria in response to 

the negative transmembrane potential, 

resulting in mitochondriotoxicity (Chen, 

1988). 

PH plays an important role in almost all steps 

of metastasis (Hashim et al., 2011) Lysine is 

α-amino acid that is used in the biosynthesis 

of proteins. It contains α-amino, α-carboxylic 

acid group, and a side chain lysyl 

((CH2)4NH2), classifying it as a charged (at 

physiological pH), aliphatic amino acid. It is 

essential in humans, meaning the body cannot 

synthesize it and thus it must be obtained 

from the diet. Free-base lysine (pKa = 10) 

have all been shown to be effective in 

reducing metastases in vivo (Robey et al., 

2009) Reduction of metastasis is dependent 

upon buffering (Ribeiro et al., 2012).buffer 

therapy was initiated before inoculation to 

prevent progression to metastatic disease. 

Previous studies show buffer therapy has little 

effect on reducing primary tumor growth, but 

significantly reduces spontaneous metastasis 

formation (Robey et al., 2009) 

Sodium ascorbate is considered a powerful 

hydro-soluble antioxidant capable of 

deoxidizing the reaction of oxygen and 

nitrogen free radical species. Therefore 

sodium ascorbate is able to prevent important 

deleterious oxidative effects on biological 

macromolecules, such as DNA, lipid and 

protein (Soheili et al., 2003). 

 The present study wasdesigned tointroduce a 

newly synthesized metal-based compound, 

namely Lysine-Cetrimonium gallium 

Complex with zinc oxide nanopatricle and 

sodium ascorbate (NNC), as 

achemotherapeutic agent 

withspeculatedreduced toxicity risk 

accompanied with higher potential in cancer 

treatment 

 

2. Materials and methods 

2.1. Experimental animals:  

90 virgin Swiss albino rats with an average 

weight of (90-110 g) were used in this study. 

Rats were obtained from the Laboratory 

Animals Research Center, Faculty of 

Veterinary Medicine, Benha University, 

housed in separate wire mesh cages, exposed 

to good ventilation, humidity and to a 12-hr 

light -dark cycle, and provided with a constant 

supply of standard pellet diet and fresh, clean 

drinking water ad libitum 

2.2. Drug and compounds: 

-7,12-Dimethylbenz[a]anthracene (≥95%):was 

purchased from Sigma-Aldrich Company. 

-Gallium trichloride (≥99.9% trace metals 

basis): is a metal halide with the linear formula 

GaCl3, was kindly purchased from Al-Dawlya 

Company in the form of anhydrous beads. It is 

colourless and virtually soluble in all solvents. 

It is the main precursor to most derivatives of 

gallium and a reagent in organic synthesis. The 

https://en.wikipedia.org/wiki/%CE%91-amino_acid
https://en.wikipedia.org/wiki/Proteins
http://en.wikipedia.org/wiki/Gallium
http://en.wikipedia.org/wiki/Organic_synthesis
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molecular weight is 176.08 and the melting 

point is 77.9°C (anhydrous). 

-Cetyltrimethyl ammonium bromiode (CTAB) 

(≥99.9%): 

Aquaternary ammonium salt, was kindly 

purchased from Al-Dawlya         Company 

.light beige odorless powder, molecular weight 

is      364.46, melting range (F) 459-469, 

Decomposition temperature (F) 459 

-L-Lysine hydrochloride (≥99.9%): was 

purchased from Al-Dawlya Company light 

beige odorless powder the Empirical Formula 

C20H16C6H15ClN2O2 . Molecular Weight is 

182.648 g/mol 

-Zinc oxide nanoparticle (≥99.9%): was 

purchased from Sigma-Aldrich Company, in 

the form of 40-100 nm APS powder. The 

molecular weight (FW) is 81.37 and the 

melting point is 1975°C. 

-Sodium ascorbate (≥98%):  It was kindely 

purchased from Al-Dawlya Company, the 

Empirical Formula C6H7 NaO6, Molecular 

Weight (198.11). 

2.3. In vivo Experiment  

sixty adult female rats weighing around (90-

110 g) recived oral dose of novel 

nanocomposite at different doses, mortality 

was reported  and LD50 was calculated . 

2.4. Experimental design 

Rats were randomly divided into four groups 

(15 rats each): 

Group 1: rats in this group received a single 

oral dose of 1ml sesame oil. This group served 

as control normal group. 

Group 2: rats in this group received a single 

oral dose of 100 mg/kg b.wt. DMBA diluted in 

sesame oil (1mL) given intragastrically by 

gavage. 

Group 3: rats in this group received a single 

oral dose of 100 mg/kg b.wt. DMBA diluted in 

sesame oil (1mL) given intragastrically by 

gavage, animals were left for five month for 

tumor induction. Then, at the last month, they 

were treated with (NNC) each was injected 

with a daily oral dose of (NNC) (343.75 ±10 

mg/kg b.wt.) for approximately one month, 

and then they were sacrificed. 

Group 4: Rats in this group were normal rats. 

During the treatment period, sixth month, each 

was injected with a daily oral dose of 

(NNC)(343.75 ±10 mg/kg b.wt.) for 

approximately one month, then they were 

sacrificed. 

2.5. Sampling 

2.5.1. Blood samples 

After overnight fasting, blood samples were 

divided into two parts one part was used 

immediately for measuring the activity of the 

following biochemical parameters: 

Nitric oxide (NO) levels, Catalase (CAT), 

GSH, and L-MDA, The second part of blood 

samples were collected in dry, clean test tubes 

and allowed to clot for 30 min and serum was 

separated by centrifugation at 3000 rpm for 15 

min at 4ºc and quickly frozen in a deep freezer 

at (-20 °C) for subsequent biochemical 

analyses ALT and AST.  

2.5.2. Tissue specimen (mammary tissue) 

After finishing blood sampling, rats of each 

group were sacrificed by cervical decapitation 

The abdomen was opened and the mammary 

specimen was quickly removed and opened 

gently using a scrapper, cleaned by rinsing 

with ice-cold isotonic saline to remove any 

blood cells, then blotted between 2 filter 

papers. Mammary tissues were dissected and 

kept in 10% formalin for histopathological 

examination (Banchroft et al., 1996).  

2.6.1 Biochemical analysis: 

Reduced glutathione (GSH) content was 

measured in whole blood according to the 

colorimetric method of (Beutler et al., 1963) , 

catalase (CAT) activity the method described 

by (Sinha, 1972), Serum nitric oxide 

concentration was colorimetrically determined 

according to method described by 

(Montgomery and Dymock, 1961) , lipid 

peroxidation (LPx) The method described by 

(Yoshioka et al., 1970) . ALT andAST the 

method described by (Reitman and Frankel, 

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C6H15ClN2O2&sort=mw&sort_dir=asc
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1957), Biochemical tests were studied for each 

group. 

2.6.2. Histopathological examination 

Determined according to the method described 

by (Banchroft et al., 1996). 

3.7. Statistical analysis 

All statistical analyses were performed using 

SPSS software (Version 15.0). Data were 

analyzed using a one-way analysis of variance 

(ANOVA), followed by least significant 

difference (LSD) test.  

 

3. RESULTS 

The obtained data in table (1) revealed a 

significant increase in L-MDA, NO, ALT, AST 

level and significant decreases in, CAT activities 

and GSH level tissue in group 2 (DMBA), when 

compared with control normal group. Treatment 

with (NNC) resulted in significant decrease L-

MDA, NO, ALT, AST level and significant 

increase in CAT activities and GSH level in 

comparison with (DMBA) group 2. The obtained 

data in figures (1, 2, 3, 4 and 5) revealed 

histopathological changes that occur at the end of 

the treatment period as the following: the 

mammary sections of control rats showing normal 

histological structure of the acini and ducts system 

embedded in the adipose tissue. Mammary gland 

of rats in DMBA group showing group of 

anaplastic cells replacing the mammary acini and 

lymph gland of rats in showing metastatic cancer 

cells from the mammary parenchyma to the 

regional lymph gland. Mammary gland of rat in 

(NNC) treated group showing cystic dilatation of 

some duct. 

 

 

 

 

Table (1):Data expressed as the mean±SD of some biochemical findings 

.  

Fig 1. Mammary gland of rat in gp (1) showing normal histological structure of theacini and ducts 

system embedded in the adipose tissue 

Groups/ 

Parameter 

GSH 

(mg/dl) 

CAT(µg/ml) No 

(μmol/L) 

ALT  

(U/L) 

AST (U/L) MDA(nmo

l/ml) 

 

1-group 1 

Control 

 

39.73±0.66 

 

187.50±3.5 

 

37.31±1.54 

 

35.50±0.84 

 

94.50±0.70 

 

7.95±1.34 

 2- group 2 

DMBA 
18.99±1.71

 
161.60±1.97 126.56±1.95 49.40±1.13 120.83±1.64 36.16±1.78 

 3-group 3 

DMBA+ 

(NNC) 

28.35±1.62 262.49±3.52 65.70±1.97 37.70±0.84 96.65±1.20 11.90±0.56 

 4-group 4 

(NNC) 
33.10±2.12 293.0±5.6 45.78±1.44 36.90±0.42 95.83±1.03 8.9.±1.20 
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Fig 2. Mammary gland of rat in gp (2)showing group of anaplastic cells replacing the mammary acini 

 

 

Fig 3.Lymph gland of rat in gp(2) showing magnification of (fig. 2 ) to identify metastatic cancer cells 

from the mammary parenchyma to the regional lymph gland  

 

 

 

 

 

Fig 4.Mammary gland of rat in gp(3) showing cystic dilatation of some duct
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Fig 5.Mammary gland of rat in gp(4) showing normal histological structure 

 

4.DISCUSSION 

Breast cancer is the most common cancer and 

major cause of cancer related deaths among 

women. Worldwide, over 1.3 million cases of 

breast cancer are diagnosed, and annually 

more than 4.5 lakhs women die from breast 

cancer (Manisha, 2017). Antioxidants are the 

first source of protection of the body against 

free radicals and other oxidants, being the 

compounds that halt the attack and the 

formation of radical species within cells. The 

group of antioxidants inside the organism is 

known as the total antioxidant state (TAS) 

(Teixeira et al., 2013). The antioxidant 

protection of human cells includes enzyme 

mediated and non-enzymatic defense 

mechanisms such as catalase (CAT) and 

glutathione enzyme, CAT converts H2O2 into 

water and oxygen. The affinity of CAT for 

H2O2 is relatively low; therefore, some H2O2 

remains in the cell. GSH-px is capable of 

detoxifying the remaining H2O2 (Arrigoni, 

2002). In recent years, using MDA as a 

marker of oxidative stress, there has been a 

growing interest in studying the role played 

by lipid peroxidation in cancer progression. 

MDA is low-molecular weight aldehyde that 

can be produced from free radical attack on 

polyunsaturated fatty acids. Increased plasma 

MDA levels have been reported in breast 

cancer (Kumaraguruparanet al., 2002).  

Our result in table 1 demonstrated significant 

increase in L-MDA, NO, ALT, AST level and 

significant decreases in CAT activities and 

GSH level In (DMBA) group, when 

compared with control normal Group. These 

findings are in agreement with some studies 

which reported that the DMBA-induced 

neoplastic process is based on many 

mechanisms; firstly, carcinogenesis is induced 

by forming adducts of active metabolites from 

DNA, secondly, by generating the state of 

oxidative stress which is manifested by a 

decrease of the level of antioxidative enzymes 

such as catalase and block liberation from the 

intestine of glutathione, an important 

antioxidant; or else by decreasing the activity 

of natural killer (NK) cells (Cao et al., 2001 

and Muqbil, 2006). Moreover, the study of 

Soujanya et al., (2011) inferred that, the 

biochemical alterations observed in cancer 

bearing animals may be due to the reduction 

of antioxidants levels following carcinogen 

(DMBA) administration; which may be due to 

the utilization of antioxidants to scavenge the 

free radicals. The reduction of GSH level was 

a function of oxidative stress and/or 

intoxication of DMBA and this is in harmony 

with  (Cheng, 2017). 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=28081247
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Soujanya et al., (2011) reported that 

decreased level of CAT observed in cancer-

bearing animals may be due to the utilization 

of antioxidant enzymes in the removal of 

H2O2 by DMBA. Moreover, decreased level 

of CAT activity was measured in patients 

with breast cancer and benign breast disease 

conditions (Gonencet al., 2006). NO is a 

multifunctional molecule in cancer. (Panis, 

2015) has demonstrated that the presence of 

the primary tumor mass is determinant for the 

sustained proinflammatory systemic status 

found in women with breast cancer, which 

included high NO. In recent years, using 

MDA as a marker of oxidative stress, there 

has been a growing interest in studying the 

role played by lipid peroxidation in cancer 

progression. MDA is low-molecular weight 

aldehyde that can be produced from free 

radical attack on polyunsaturated fatty acids. 

Increased plasma MDA levels have been 

reported in breast cancer (Kumaraguruparan 

et al., 2002). Our results showed increase in 

MDA level in mammary gland carcinoma as 

compared to controls thus agreeing with the 

previous studies that suggested increased lipid 

peroxidation in breast cancer patients. On the 

contrary, gallium-induced increase in cellular 

ROS precedes the increase in MT and HO-1. 

It is known that both these genes are activated 

in response to oxidative stress (Chitambar, 

2012) .In this regard, our results could be 

appreciated by studies made by (Yang and 

Chitambar, 2008) they have shown that Ga is 

implicated in intracellular oxidative stress 

through the generation of reactive oxygen 

species, with a decrease in the ratio of cellular 

glutathione reduced form (GSH) on 

glutathione oxidized form (GSSG). Cells 

exposed to inorganic gallium salts, such as 

gallium nitrate, displayed increased 

generation of ROS (Joseph, 2005).in addition  

Nano ZnO is able to protect cell membrane 

integrity against oxidative stress damage, 

increase antioxidant enzyme levels and 

decrease MDA level (Dawei et al., 2009). 

Similarly,(vijayavel et al., 2006) reported that, 

ascorbic acid is a good scavenger of free 

radicals and it protect cellular membranes 

their by preventing degenerative disease like 

cancer. 

The most common complications in cancer 

patients are malnutrition, gastrointestinal 

disturbance, and liver dysfunction (Lee, 

2005).The results obtained revealed a 

significant increase in liver marker enzymes 

in DMBA model compared to normal control 

rats. In this regard, consistent with the current 

results, it was found that DMBA injected to 

rats lead to marked significant elevation in the 

levels of serum ALT and AST which are 

markers of hepatocellular damage (Bedi and 

Priyanka, 2012) .The elevation of these 

enzymes could be attributed to their release 

from the hepatocytes’ cytoplasm to blood 

circulation upon rupture of the plasma 

membrane and cellular damage (Said, 2014). 

Our study revealed decrease in both ALT and 

AST enzyme activities with respect to 

DMBA-treated rats supporting that gallium 

has ameliorated hepatocellular injury and 

protected against necrosis (Krecic-Shepard, 

1999). Also sodium ascorbate is considered a 

powerful hydro-soluble antioxidant capable of 

deoxidizing the reaction of oxygen and 

nitrogen free radical species. Therefore, it 

able to prevent important deleterious 

oxidative effects on biological 

macromolecules, such as DNA, lipid, and 

proteins(Soheili, 2003). 

Collectively, these observations suggested 

that novel synthetic gallium derivatives may 

potentially present new hope for the 

development of breast cancer therapeutics, 

which should attract further scientific and 

pharmaceutical interest. 

 

5. CONCLUSION 

The findings of the present study 

demonstrated that (NNC) provided an 
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effective protection against mammary 

carcinogenesis induced by DMBA in rats, 

since this compound was able to ameliorate 

serum biochemical parameters, enzymatic and 

non-enzymatic antioxidant defense system 

and to prevent the lipid peroxidation in these 

tissues. We recommended that, administration 

of diet rich in the antioxidant and high pH is 

very important for protection of different 

body tissue against oxidative stress or even 

cancer. 
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