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1. Introduction 
Hepatic cancer is the third leading cause of cancer deaths worldwide due to prevalence of chronic hepatitis B and C which considered 
the highest risk factor for incidence of hepatic cancer (1, 2).  Diethylnitrosamine (DENA) is often used as a carcinogenic agent in 
combination with carbon tetrachloride (CCl4) as a tumor promoter. DENA is used to persuade liver cancer in experimental animal 
models (3) through formation of preneoplastic foci, neoplastic nodules, and ultimately HCC nodules of various sizes (4). The distinct 
initiation-promotion steps of the multistage hepato-carcinogenesis model are well recognized but the time of initiation depends on the 
promoters ability to effectively facilitate the cloned expansion of preneoplastic cells (5). 
GA is a naturally stirring exudate from Acacia senegal and Acacia seyal trees, and acquires a highly branched polysaccharide structure 
consisting of a complex mixture of potassium, calcium and magnesium salts from Arabic acid, with residues of galactose, rhamnose, 
glucuronic acid and arabinose [6]. GA acquires a remarkable surface-active and rheological properties [7, 8], therefore being 
recognized as non-toxic for humans [9]. Recently, the use of GA has been extended to nanomedicine fields, due to its biocompatibility 
for in vivo and in vitro applications [10]. 
The current study is intending to estimate, in presence and absence of near infrared (NIR) laser irradiation, the therapeutic effects of 
GA on hepatic hyperplasia induced by DENA/CCl4 in mice. 
 
2. Material and methods 
All chemicals were purchased from (Sigma/Aldrich, VA, USA) except mentioned. 
 
2.1. In vivo experiments 
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2.1.1. Laser irradiation conditions for mice 
The laser source was a diode array laser from Quanta System (Milan, Italy) emitting at 800 nm. The nominal output energy 
(continuous wave) was 0.4 W. Laser spotlight was performed under the following conditions: wavelength: 807 nm, average power: 50 
W for a spot size of 2-cm diameter. Mice chest and abdomen were irradiated by NIR laser for 10 min. Mice received one session in 
each laser irradiated mouse. The laser energy was delivered to the treatment site in a non-contact mode from the skin surface. 
 
2.1.2. Design of mice experiments 
Male wild type Balb-c mice (Theodor Bilharz institute, Cairo, Egypt) were used in all experiments. Six to eight weeks old mice (18-20 
g) were maintained in a temperature controlled environment at 24 °C with a 12 h light/dark cycle, and were provided with drinking 
water and feed ad libitum. Animal experiments were performed according to the guidelines for the animal care of the Ethical 
Committee, National Research Center, Cairo, Egypt. We follow the international guidelines. 
Mice were subdivided into 9 different groups (n = 16 / group), as the following:  

 Untreated Group: Untreated control mice.  
 Vehicle Group: Mice were feed by oral gavage of 100 µl corn oil dissolved in saline every 2 w for 16 w.  
 Laser Group:  Mice were irradiated by NIR laser for 10 min.  
 GA Group: Mice were IV- injected with a single dose of GA (0.2 mg/100 µl/mice) through tail vein.   
 GA + Laser Group: Mice were IV- injected with a single dose of GA (0.2 mg /100 µl/mice), then after 2 h, mice were 

irradiated by NIR laser for 10 min.  
 DENA/CCl4 Group: Mice were injected intraperitonealy (IP) by DENA (50 mg/kg) at the same time mice were feed by oral 

gavage CCL4 (2 ml/kg) dissolved in com oil (1: 2 V/V), each were administrated once for 16 w every 2 w.  
 DENA/CCl4+ Laser Group: Mice received DENA/CCl4 for 16 w and then irradiated by NIR laser for 10 min.  
 DENA/CCl4 + GA Group: Mice received DENA/CCl4 for 16 w and then IV-injected with a single dose of (GA 0.2 mg/100 

µl/mice).  
 DENA/CCl4+ GA + laser group: Mice received DENA/CCl4 for 16 w then IV-injected with a single dose of GA (0.2 mg/100 

µl/mice), then after 2 h, mice were irradiated by NIR laser for 10 min. After one month from first treatment, mice were 
scarified by cervical dislocation and immediately dissected. The liver were excised from all groups and rinsed multiple times 
in PBS, and part of it preserved in 4% para-formaldhyde for histochemical analysis and the other part homogenized following 
the method described by Blalock et al., [11] for biochemical estimations. 

 
2.2. Histological analysis 
 
2.2.1. Haematoxyline and eosin 
Histopathological examination by haematoxyline and eosin (H & E) staining Paraffin-embedded lung tissue sections on slides were 
stained with H & E stain for histopathological analysis and examined by a pathologist. 
 
2.2.2. Apoptosis and necrosis 
Mode of cell death that predominates in liver tissues was scrutinized in sections using double staining with acridine orange and 
ethidium bromide (AO/EB). Liver sections were deparaffinized, rehydrated and then rinsed in PBS before stained with equal volumes 
of AO (100 µg/ml) and EB (100 µg/ml) in PBS. Images were visualized using a micro-scope (Axiostar plus, Zeiss, Goettingen, 
Germany) equipped with digital camera (PowerShot A20, Canon, USA). Live cells display a normal green nucleus, early apoptotic 
cells have bright green nucleus with condensed or fragmented chromatin; late apoptotic cells display condensed and fragmented bright 
green to yellow chromatin and cells that have died from direct necrosis have a structurally normal orange to red nucleus [12]. 
 
2.2.3. Lipid peroxidation 
The level of malondialdehyde (MDA), which is the end product of lipid peroxidation, was measured in the lung homogenates using 
commercially supplied kits (Biodiagnostic). In which thiobarbituric acid reactive substances detected spectrophotometrically at 535 
nm [13]. 
 
2.2.4. Statistical analysis 
Differences between non-treated cells and treated cells were analyzed using an unpaired student’s t-test. p < 0.05 was considered 
significant. Data were statistically analyzed using the Statistical Package for Social Scientists (SPSS) 10.00 for windows (SPSS Inc., 
Chicago, USA). The data were expressed as mean ± SE. 
 
3. Results 
 
3.1. In vivo Experiments 
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3.1.1. Histopathological examination by H&E staining 
Liver tissue sections from the subsequent five groups (untreated, Vehicle, GA, laser and GA + laser) showed normal histopathology 
structure of liver tissue (H&E x400) as shown in fig 1. 
 

 
Figure 1: Representative photomicrographs of a normal histopathology structure of hepatic lobule  

(H&E x 400) in untreated, Vehicle, GA, laser and GA + laser groups 
 
DENA/CCl4 group showed karyomegaly of hepatocytic nuclei and oval cells hyperplasia, focal hepatic necrosis associated with 
leucocytic cell infiltration as seen in fig 2. 
 

 
Figure 2: Representative photomicrographs of histopathology structure of hepatic lobule (H&E x 400) in DENA/CCL4. 

 
Moreover, DENA/CCl4+laser groups showed diffuse oval cells hyperplasia and sinusoidal leucocytosis together with karyomegaly of 
nuclei as made known in fig 3. 
 

 
Figure 3: Representative photomicrographs of histopathology structure of hepatic lobule (H&E x 400) in DENA/CCL4 + laser 

 
Also in DENA/CCl4 + GA showed cholangioma, oval cells proliferation, apoptosis of hepatocytes and oval cells hyperplasia as 
publicized in fig 4. 
 

 
Figure 4: Representative photomicrographs of histopathology structure of hepatic lobule (H&E x 400) in DENA/CCL4 + GA. 

 
DENA/CCl4 + GA + laser showed hepatocytomegaly, karyomegaly, focal hepatic necrosis associated with inflammatory cells 
infiltration, oval cells hyperplasia, cytomegaly of hepatocytes and karyomegaly of hepatocytic nuclei as seen in fig 5. 
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Figure 5: Representative photomicrographs of histopathology structure of hepatic lobule (H&E x 400) in DENA/CCL4 + GA+ laser. 

 
3.2. Apoptosis and necrosis staining 
The mode of cell death was examined in the liver tissue sections using AO/EB. As shown in fig. 6, the following groups: untreated, 
vehicle, GA, and laser, most of the cells were viable. They have uniform green nuclei with organized structure indicates the intact 
DNA. Additionally, in DENA groups and in case of being treated with laser, GA, or GA+laser also showed preponderance green 
staining signal of viable cells and a normal level of apoptotic cells. 
 

 
Figure 6: Representative image for the analysis of cell death type in liver section from different mice groups,  

as stained by AO/EB and captured under fluorescence microscope (X 200). Vital cells display a normal green nucleus 
 
3.3. Lipid Peroxidation 
MDA levels in the liver are indication for magnitude of oxidative stress that reflects lipid peroxidation extent in liver homogenate. The 
control groups receiving vehicle, laser and GA, there was no significant difference detected between them. The only significant 
elevation in MDA level was detected in the normal and the DENA/CCl4 groups that were treated with GA in presence of laser 
irradiation when compared with untreated and DENA/CCl4 groups as shown in fig 7. 
 

 
Figure 7: MDA level in liver homogenate of different groups as measured by commercial kit. Data was expressed as the mean  

± SE of MDA concentration (nmol/g tissue protein). Statistical analysis was carried out using one way ANOVA followed by Post Hock 
LSD test. The columns label: (a) Significant at p<0.05 comparing with normal group, (b) Significant at p<0.05 comparing with 

DENA/CCL4 group 
 

4. Discussion 
In the present study we investigate the effect of GA with or without laser exposure on hepatic hyperplasia mice. To the best of our 
knowledge, none of the previous studies detect the pharmacological effect of GA on tumor. 
Our histopatological results revealed that cancer in liver tissue was initiated in mice after DENA and this result is in agreement with 
previous reports [14]. DENA is a DNA alkylating agent leading to the formation of mutagenic DNA adducts [15]. Moreover, DENA 
bioactivation by cytochrome P450 can generate reactive oxygen species (ROS) which damage DNA [15, 16]. Our histopatological 
findings revealed no histopathological changes due to GA and laser, both are safe. This is in agreement with El-Sayed et al., [17] and 
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Liu et al., [18]. It was found that found that laser beam of 51W/cm2 did not affect the cells viability in which cancer cells were robust 
and the vessels were intact. DENA/CCl4 groups treated with laser, GA and GA+laser revealed no histological alteration in liver tissue, 
which indicated that GA and laser did not protect or repair the liver tissue damage induced by DENA/CCl4. Al-Kenanny et al., [19]  
observed no change in liver injury induced by  gentamycin upon using GA in mice. 
One of the hallmarks of cancer is to avoid apoptosis and continue to propagate [20]. Apoptotic cell death involves two distinct 
pathways, the death receptor (extrinsic) pathway and the mitochondria (intrinsic) mediated pathway [21, 22]. We observed no 
apoptotic cell death was induced upon treating the DENA/CCl4 groups treated with laser, GA and GA+laser. This reflects that GA 
alone or in combination with laser beam did not encourage apoptotic cell death. 
If the antioxidant defense mechanism fails to control the increased reactive oxygen species (ROS), they attack polyunsaturated fatty 
acids in cell membranes and induce the release of toxic and reactive aldehyde metabolites, such as MDA [23]. MDA reacts readily 
with protein or DNA forming adducts, which are considered to be highly genotoxic [24]. In the present study, MDA level significantly 
elevated in GA+laser group as well as hepatic hyperplasia groups treated with GA+laser. The increased lipid peroxides in hepatic 
hyperplasia groups may be because of uncompromised production of free radicals by DENA [14], which was reported to generate 
lipid peroxidation products in general [25]. Yet, further studies are required to determine GA effect on lipid peroxidation. 
 
5. Conclusion 
GA is safe and did not induce biological alterations. Co-administration of GA with laser induced lipid peroxidation. 
 
6. References 

1. American Cancer Society, Cancer Facts and Figures. Atlanta, Ga: American Cancer Society, 2014 
2. Benvegnù L, Fattovich G, Noventa F, Tremolada, F.; Chemello, L.; Cecchetto, A.; Alberti, A. Concurrent hepatitis B and C 

virus infection and risk of hepatocellular carcinoma in cirrhosis. A prospective study. Cancer 1994, 74, 2442-2448. 
3. Bhosale P, Motiwale L, Ingle AD et al. Protective effect of  Rhodotorula glutinis NCIM3353 on the development of hepatic 

preneoplastic lesions. Curr. Sci. 2002, 83, 303-308.  
4. Libbrecht L, Desmet V, Roskams T. Preneoplastic lesions in human hepatocarcinogenesis. Liver Int. 2005; 25, 16–27. 
5. Kushida M, Kamendulis LM, Peat TJ, Klaunig JE. Dose-Related Induction of Hepatic Preneoplastic Lesions by 

Diethylnitrosamine in C57BL/6 Mice. Toxicol. Pathol. 2011; 39, 776-786. 
6. Kattumuri V, Katti K, Bhaskaran S, Boote EJ, Casteel SW, Fent GM, Robertson DJ, Chandrasekhar M, Kannan R and Katti 

KV . Gum arabic as a phytochemical construct for the stabilization of gold nanoparticles: in vivo pharmacokinetics and X-
ray-contrast-imaging studies. Small. 2007; 3:333-341. 

7. Yadav MP, Igartuburu JM, Yan Y, Nothnagel EA. Chemical investigation of the structural basis of the emulsifying activity 
of gum Arabic. Food Hydrocolloids. 2007; 21(2):297–308. 

8. Philips GO. Molecular association and function of arabinogalactan protein complexes from tree exudates. Structural 
Chemistry. 2009; 20(2):309–315. 

9. Ali BH, Ziada A, Blunden G. Biological effects of gum Arabic: a review of some recent research. Food and Chemical 
Toxicology. 2009; 47(1):1–8. 

10. Roque ACA, Bicho A, Batalha IL, Cardoso AS, Hussain A. Biocompatible and bioactive gum Arabic coated iron oxide 
magnetic nanoparticles. Journal of Biotechnology. 2009; 144(4):313–320. 

11. Blalock TD, Varela JC, Gowda S, Tang Y et al. Ischemic skin wound healing models in rats. Wounds. 2001; 13(1):35-44. 
12. Renvoizé C, Biola A, Pallardy M, Bréard J. Apoptosis: identification of dying cells. Cell Biology and Toxicology. 1998; 

14(2):111-120. 
13. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxidase in animal tissues by thiobarbitaric acid reaction. Analytical 

Biochemistry. 1979; 95(2):351-358. 
14. Naura AS, Kalla NR, Sharma RP, Sharma R. Anticarcinogenic Effects of Hexaamminecobalt(III) Chloride in Mice Initiated 

with Diethylnitrosamine. Biological Trace Elements Research. 2007; 119(2):147–165. 
15. Bakiri L, Wagner  E F. Mouse models for liver cancer Molecular oncology 2013, 7 (2), 206-223  
16. Qi Y, Chen X, Chan CY, Li D et al. Two-dimensional differential gel electrophoresis/analysis of diethylnitrosamine induced 

rat hepatocellular carcinoma. International Journal of Cancer. 2008; 122(12):2682-2688. 
17. El-Sayed IH, Huang X, El-Sayed MA. Selective laser photo-thermal therapy of epithelial carcinoma using anti-EGFR 

antibody conjugated gold nanoparticles. Cancer Letters. 2006; 239(1):129-135.  
18. Liu H, Chen D, Tang F, Du G, Li L et al. Photothermal therapy of Lewis lung carcinoma in mice using gold nanoshells on 

carboxylated polystyrene spheres. Nanotechnology. 2008; 19(45):455101-455107 


