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Abstract 
To investigate the protective effects and the possible mechanisms of (Garlic and zinc oxide (ZnO) coated by 

cetyl trimethyl ammonium bromide) nanoparticles against N-nitrosodiethylamine DEN induced hepatocarcinoma 
in rats. Wistar rats were orally administered Garlic nanoparticles 30 mg/kg b.wt, one time per day for 4 weeks 
and subsequently rats were orally administered DEN with a dose of 20 mg/kg b.wt., five times a week for 6 
weeks. The changes of histology, the biochemical indices of serum, and the levels of Caspase 3and DNA 
fragmentation percent of liver were examined to assess the protective effects. At the end of the study (10 weeks), 
DEN induced elevation of the serum biochemical indices alanine aminotransferase, aspartate aminotransferase, 
alkaline phosphatase, gammaglutamyl transferase, Alpha feto-protein and total bilirubin, and decrease total 
protein, albumin and A/G ratio. Garlic nanoparticles administration significantly inhibited the increase of the 
ALT, AST, ALP, GGT, AFP and total bilirubin and increase total protein, albumin and A/G ratio, improved 
hepatocellular architecture and dramatically inhibited. The mechanistic studies demonstrated that Garlic 
nanoparticles counteracted DEN induced protein levels of Caspase 3and DNA fragmentation percent were 
significantly increased. These data suggest that Garlic nanoparticles exhibited significant protection against DEN 
induced hepatocarcinogenesis, which might be related with the induction of apoptosis.  
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1. Introduction 

Hepatocellular carcinoma the second leading 
reason of cancer related deaths worldwide [1]. 
Introduction to ecological cancer-causing agents is 
an essential element prompting the development of 
hepatocarcinoma. N-nitrosodiethylamine DEN, 
which exists far reaching in nature, for example, 
medications, beautifying agents, and pesticides. 
About 5% of ingested nitrates are reduced to nitrites 
in saliva. These nitrites can along these lines 
respond in arrangement with auxiliary and tertiary 
amines, and additionally N-substituted amides, 
carbamates, and other related mixes, to shape N-
nitroso mixes inside the gastrointestinal tract. This 
inside arrangement is a noteworthy wellspring of 
human introduction to N-nitrosamines. The 
development of nitrosamines relies on upon the pH 
condition, alkalinity of amine, and temperature. 
Nitrosamines are similarly steady under conditions 
introduce in creatures, before being subjected to 
corruption to organically dynamic subordinate [2]. 
Garlic, a member of Allium vegetables, has been 
useful for medicinal uses a long time ago. 
Numerous lines of studied and clinical proof 
recommended the organosulfur mixes (OSCs) start 
from garlic, representing just 1% of garlic weight, 
are the primary anticancer dynamic constituents [3], 
and the variability in composition of OSCs 
influences the biological properties of garlic [4]. 
Zinc oxide nanoparticles (ZnO NPs) have received 
much interest for their implications in cancer 
therapy. It has been reported that treatment with 
ZnO NPs sensitizes cancer cells by rising both 
mitotic (linked to cytogenetic damage and inter 

phase (apoptosis) death. The ZnO NPs act as 
genotoxic drugs, since they induce micronucleus 
formation in cells. These results might be 
supportive in designing more potent anticancer 
agents for therapeutic uses [5]. It is interesting to 
examine whether or not Garlic nanoparticles could 
inhibit DEN induced hepatocarcinogene by 
proapoptosis. 

The aim of this study studied the protective 
effects and the possible mechanisms of (Garlic and 
zinc oxide (ZnO) coated by cetyl trimethyl 
ammonium bromide) nanoparticles against N-
nitrosodiethylamine DEN induced hepatocarcinoma 
in rats. 

 
2. Materials and methods 
2.1 Materials  

N-nitroso di ethylamine DEN (purity~99%) was 
purchased from Sigma Aldrich Company for 
Trading Chemicals, Medicines and Medical 
Appliances, Egypt. Tomex(Dry garlic powder): 
highly concentrated garlic powder prepared from 
organically grown garlic without using chemical 
fertilizer or pesticides. ZnO nanogard (purity 
~99%) was manufactured by Sigma Chemical Co. 
(St. Louis, Mo, USA) and purchased from 
Schnelldorf, Germany through Alfa Acear, Egypt. 
CTAB (purity ~99%) was manufactured by Sigma 
Chemical Co. (St. Louis, Mo, USA) and purchased 
from Schnelldorf, Germany through the Egyptian 
International Center for Import Cairo, Egypt. 
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2.2 Animals and treatments 
Sixty male Sprague Dawley rats, 4 weeks old, 

weighing 100± 10 gm were used in the 
experimental investigation of this study, and 
obtained from the Laboratory Animals Research 
Center, Fac. Vet. Med., 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.  

 
2.3 Preparations and measurements of garlic, 
zinc oxide, cetrammonium bromide Complex 
nanoparticles 

Preparation of Nanocomposite for biochemical 
investigation of antitumor activity as anticancer was 
prepared through the following methods.  

Formulation of drug; Garlic (A) + Zinc oxide 
(B) + Cetrammonium bromide (C) were mixed 
together as follows:  

(A) = 4 & (B) = 2 g & (C) = 2 g 
The formula drug was mixed mechanically very 

well with the using vortex then both are grind to the 
nano sized particles using ball mill (nano system 
unit) at 200 rpm for 10 hours. 

 
2.4 Preparation and administration of dosage 

DEN: 20 mg DEN was dissolved immediately 
prior to its use in 10 ml of NaCl (0.9% normal 
saline) [6], that each ml was containing 2 mg of 
DEN and was orally administered with dose of 20 
mg/kg b.wt., five times a week for 6 weeks [7]. 
Nanocomposite mixture at a dose of 30 mg/kg.b.w. 
dissolved in saline injected orally by stomach tube 
one time per day week for four weeks. 

 
2.5 Experimental design  

Rats were randomly divided into four main 
groups, each groups have (15 rats), placed in 
individual cages and classified as following: (Group 
1) served as control normal group. (Group 2) served 
as control group orally administered garlic 
nanoparticles only with a dose of 30 mg/kg b.wt. 
One time per day for 10 weeks. (Group 3) served as 
induced hepatocellular carcinoma orally 
administered DEN for induction of hepatocellular 
carcinoma at a dose of 20 mg/kg b.wt. Five times a 
week for 6 weeks. (Group 4) served as pretreated 
group with garlic nanoparticles with a dose of 30 
mg/kg b.wt, one time per day for 4 weeks and 
subsequently rats were orally administered DEN 
with a dose of 20 mg/kg b.wt. Five times a week for 
6 weeks. 

 
2.6 Sampling  

At the end of the experimental period, rats were 
fasted overnight, blood samples were taken from 
retro-arbitral plexus. The 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. The 
serum was separated by automatic pipette and 
received in dry sterile tubes, processed directly for 
ALT, AST, ALP, GGT, AFP, total bilirubin ,total 
protein, albumin and A/G ratio 

Liver tissues were divided into appropriate 
portions, homogenized with a glass homogenizer in 
9 volume of ice-cold 0.05 mM potassium phosphate 
buffer (pH7.4) to make 10% homogenates. The 
homogenates were centrifuged at 6000 r.p.m for 15 
minutes at 4°C then the resultant supernatant were 
used for the determination of the following 
molecular analysis : Caspase 3 and DNA 
fragmentation percent. 

A portion of the liver was fixed in 
paraformaldehyde (4%) for histopathological 
analysis.  

 
2.7 Histological examination  

Histological examination, about 5 μm paraffin 
embedded specimens were prepared, 
deparaffinized, rehydrated, stained with 
hematoxylin and eosin (H&E), 

 
2.8 Serum biochemical assays 

The levels of serum alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) were 
determined according to [8], gammaglutamyl 
transferase (GGT) was determined according to [9] 
and alkaline phosphatase (ALP) was determined 
according to [10] and total bilirubin was determined 
according to [11] and total protein concentration 
was determined colorimetrically according to [12] 
and albumin concentration was determined 
colorimetrically according to [13]. Alpha 
fetoprotein (AFP) concentration was determined in 
serum using ELISA Kit for Alpha fetoprotein: 
Ratus norvegicus (Rat) (DesigDEN by Cloud-Clone 
Corp., assembled by Uscn Life Science Inc. 
ISO9001:2008: ISO13485:2003, Catalog Number: 
MBS724171 according to the manufacturer’s 
instruction.  

 
2.9 Molecular analysis 

Flow cytometric analysis for determination 
Caspase 3% in liver tissue prepared according to 
[14] and Flow cytometric analysis for determination 
DNA fragmentation % in liver tissue prepared 
according to [15]. 

 
2.10 Statistical analysis  

The results were expressed as mean (±S.E.) and 
statistical significance was evaluated by one way 
ANOVA using SPSS (version 22.0) program 
followed by the post hoc test, least significant 
difference (LSD). Values were considered 
statistically significant when p < 0.05. Data were 
treated as complete randomization design according 
to [16]. 
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3. Results and discussion 
3.1 Serum biochemical assays 

As shown in Table (1 and 2) serum ALT, AST, 
ALP, GGT, AFP and total bilirubin levels were 
elevated in DEN group compared with those in 
control group which adverse effects of DEN were 
suppressed by Garlic nanoparticles .Moreover the 
serum total protein, albumin and A/G ratio levels 
were decrease in DEN group compared with those 
in control group, Pretreatment with Garlic 
nanoparticles exhibited a significant increase 
compared with those in DEN group. 

 
3.2 Garlic nanoparticles accelerated apoptosis in 
liver of DEN induced rats 

Since dysregulation of apoptosis is a vital 
reason for the hepatocarcinoma development [17]. 
We further investigated the Caspase 3 level and 
DNA fragmentation percent. 

As shown in Table (3) and Figure (1, 2) Caspase 
3% in liver tissue showed significant decreases in 
DEN group, as compared with the control group 
(P<0.05). Also there is significant increases in 
DNA fragmentation percent in liver tissue were 
noticed in DEN group. In contrast, Garlic 
nanoparticles administration markedly increased 
Caspase 3 % and DNA fragmentation % in Garlic 
nanoparticles groups compared with that in DEN 
group. 

 
3.3 Histological changes of the liver  

The liver sections of (NTBR) control rats 
showing no histopathological alteration and the 
normal histological structure of the central vein and 
surrounding hepatocytes in the parenchyma were 
recorded in Fig (3). 

The liver sections of (NTBR) garlic 
nanoparticles rats showing no histopathological 
alteration and the normal histological structure of 
the central vein and surrounding hepatocytes in the 
parenchyma were recorded in Fig (4). 

 The liver sections of (TBR) HCC 
hepatocellular carcinoma group showed anaplasia 
in diffuse manner all over the hepatic parenchyma 
which was characterized by polarity, pleomorphism 
and hyperchromachia as well as karyomegaly in 
most of the hepatocytes in association with 
congestion in the portal vein, inflammatory cells 
infiltration and fibrosis in the portal area Fig (5 and 
6).  

These histopathological features were greatly 
reduced in the liver of rats treated with Garlic 
nanoparticles as compared with DEN group Fig ( 8, 
9 and 10).  
 
Discussion 

Hepatocellular carcinoma (HCC) is a main 
cause of human cancer death [18]. It is accounts for 
80% of major liver cancers, is linked chiefly with 
inflammation damaged livers resulting from viral 

hepatitis infections hepatitis B or hepatitis C, or 
from cirrhosis due to chronic alcoholism [19].  

In this study the obtained data in Table (1) 
demonstrated that a significant increase in serum 
ALT, AST, ALP and GGT activities in DEN 
induced hepatocellular carcinoma group when 
compared with control normal group and there was 
a significant decrease in pretreated group with 
garlic nanoparticles when compared with DEN 
group. These results are accordance to [20] who 
demonstrated that DEN injected rats significantly 
increase serum enzyme activities, AST, ALT, ALP 
and GGT levels, which indicated severe liver 
damage. It is documented that the AST, ALT, ALP, 
GGT serum levels are suggestive of hepatic 
biomarkers, and their increase is correlated to 
hepatic damage [20]. Hepatic injury induced by 
DEN is related to the membrane of hepatocytes 
pores damage resulting in leakage of these enzymes 
into circulation . While, ALP is associated with the 
layer lipid in canalicular pipes, where its rise 
ascribed to damage in the biliary capacity [21]. 
Regarding garlic, [22] revealed that the 
administration of DEN induced a significant 
elevated in ALT, AST and ALP activity in serum as 
compared to normal. Treatment with garlic 
demonstrated a significant decrease in serum ALT, 
AST and ALP activity induced by DEN .Because of 
its capacity to reduction free radical incited 
oxidative harm in the liver [23], garlic extract 
showed decrease liver enzymes and prevent liver 
damage of rats with liver fibrosis [24]. 

Our result in Table (1) revealed that a 
significant increase in serum AFP in DEN induced 
hepatocellular carcinoma group when compared 
with control normal group and there was a 
significant decrease in pretreated group with garlic 
nanoparticles when compared with DEN group. 
Alpha fetoprotein AFP is the best diagnostic 
biomarker for HCC because its serum level is 
elevated paralleling with tumor size [25].  

Our result in Table (2) revealed that a 
significant decrease in serum total protein and 
albumin concentration and A/G ratio in DEN 
induced hepatocellular carcinoma group when 
compared with control normal group and there was 
a significant increase in pretreated group with garlic 
nanoparticles when compared with DEN group 
.Furthermore there was significant increase in 
serum total bilirubin in DEN induced hepatocellular 
carcinoma group when compared with control 
normal group 

The decrease in total protein, albumin and A/G 
ratio in DEN group might be because of 
hepatoxicity which prompts hepatocellular damage 
which in turn cause defective protein biosynthesis 
in liver. Serum protein levels are useful for 
assessing nutritional status, infection, and various 
other disorders [26]. 
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Our result in Table (3) demonstrated that 
Caspase 3% in liver tissue showed significant 
decreases in DEN group, as compared with the 
control group. Also there is significant increases in 
DNA fragmentation % in liver tissue were noticed 
in DEN group. In contrast, Garlic nanoparticles 
administration markedly increased Caspase 3 level 
and DNA fragmentation percent in Garlic 
nanoparticles groups compared with that in DEN 
group. 

In recent decades, a lot of efforts have been 
made to develop drugs for cancer treatment based 
on the ability to block cell proliferation and/or 
induce apoptosis [27]. Apoptosis can clearly be 
recognized by characteristic changes in the cells 
(i.e., caspase activation, DNA fragmentation, cell 
fragmentation during the formation of apoptotic 
bodies) [28]. Li et al. [29] demonstrated that DEN 
is known as a reproducible carcinogen to induce 
lesions in rat that mimic the different types of 
benign and malignant tumors in human and DEN is 
a complete carcinogen to induce HCC. Moreover 
DEN increased the lesion number, volume and 

DNA synthesis, and decreased apoptosis in DEN 
induced hepatic focal lesions in both mice and rats 
[30]. Garlic is multifaceted being capable of 
eliciting both preventative and therapeutic effects. 
In cancer treatment, garlic organosulfur compounds 
have been shown to inhibit proliferation and induce 
apoptosis of cancer cells both in vivo as well as in 
rat models [31]. Selective killing of cancer cells by 
ZnO NPs might be of significant clinical interest, as 
one of the most challenges facing cancer 
chemotherapy is the inability of anticancer drugs to 
effectively distinguish between normal and cancer 
cells. The shape of NPs also plays an important role 
in the killing of cancer cells [32]. On other hand 
CTAB exhibited anticancer cytotoxicity against 
several HNC cell lines with negligible effects on 
normal fibroblasts, a selectivity that exploits cancer 
specific metabolic aberrations. (CTAB) belongs to 
a group of quaternary ammonium compounds, 
which also includes benzethonium chloride and 
dequalinium chloride, both of which have shown 
anticancer properties in vitro and in vivo by 
focusing on tumor mitochondria [33].  

Table (1) Changes of biochemical parameters in serum (mean±S.D) 

Group ALT (U/L) AST (U/L) ALP (U/L) GGT (U/L) AFP(Pg/ml) 
NTBR 39.40±2.89b 52.60±3.70d 170.60±6.00c 46.8±4.12c 46.00±2.70c 
NTBR Garlic nanoparticles 36.80±2.71b 49.00±3.05d 162.60±7.24c 50.2±3.51c 44.80±3.12c 
TBR 198.60±57.54a 145.00±3.56a 279.80±3.54a 108.6±4.26a 97.00±4.28a 
TBR Garlic nanoparticles 78.80±3.65b 70.80±11.13c 209.00±9.05b 68.2±4.71b 70.60±1.96b 
LSD at 0.05 69.01 15.60 17.95 11.17 9.24 
a, b & c: There is no significant difference (P>0.05) between any two means, within the same column have the 

same superscript letter 
 
Table (2) Changes of biochemical parameters in serum (mean±S.D.) 

Group Total bilirubin 
(mg/dL) 

Total protein 
(g/dL) Albumin (g/dL) A/G Ratio 

NTBR 0.36±0.02b 7.46±0.17a 4.34±0.24a 1.42±0.13a 
NTBR Garlic nanoparticles 0.40±0.03b 7.13±0.28ab 4.12±0.20a  1.41±0.15a 
TBR 0.66±0.04a 5.82±0.18c 2.53±0.23c 0.84±0.19b 
TBR Garlic nanoparticles 0.72±0.07a 6.80±0.18b 3.51±0.10b 1.08±0.07ab 
LSD at 0.05 0.16 0.65 0.52 0.40 

a, b & c: There is no significant difference (P>0.05) between any two means, within the same column have the 
same superscript letter 

 
Table (3) Changes of biochemical parameters in serum (mean±S.D.) 

Group Percent of count 
of Caspase-3 (%) 

Percent of count of DNA 
fragmentation (%) 

NTBR 67.13±3.43a 4.6d 
NTBR Garlic nanoparticles 67.50±1.76a 1.1d 
TBR 46.33±0.42d 13.7c 
TBR Garlic nanoparticles 59.47±3.01c 43.5a 
LSD at 0.05 6.01 6.01 

a, b & c: There is no significant difference (P>0.05) between any two means, within the same column have the 
same superscript letter 
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NTBR NTBR Garlic nanoparticles 

  
TBR TBRP Garlic nanoparticles 

 
Fig (1) Flow cytometry charts ofliverCaspase-3%of studies group 

 
 

  
NTBR NTBR Garlic nanoparticles 

  
TBR TBRP Garlic nanoparticles 

 
Fig (2) Flow cytometry charts of liver DNA Fragmentation %of studies group 
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Fig (3) Liver of rat in group (1) showing normal histological structure of the central vein and 

surrounding hepatocytes in the parenchyma. (H&E x 40) 
. 

 
Fig (4) Liver of rat in group (2) showing normal histological structure of the central vein and 

surrounding hepatocytes in the parenchyma. (H&E x 40). 
 

 
Fig (5) Liver of rat in group (3) showing anaplasia in the hepatocytes all over the parenchyma with 

fibrosis and inflammatory cells infiltration in the portal area and congestion in the portal 
vein. (H&E x 16) 
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Fig (6) Liver of rat in group (3) showing magnification of fig (5) to identify the fibrosis, inflammatory 

cellsinfiltration and congestion in the portal vein. (H&E x16) 
 

 
Fig (7) Liver of rat in group (4) showing congestion in the portal vein, oedema, fibrosis and 

inflammatory cells infiltration in portal area. (H&E x 16) 

 

 
Fig (8) Liver of rat in group (4) showing magnification of fig (7) to identify the congestion in the 

portal vein. (H&E x 40) 
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Fig (9) Liver of rat in group (4) showing magnification of fig (8) to identify the oedema, fibrosis and 

inflammatory cells infiltration in portal area. (H&E x 80) 
 

Conclusion 
In summary, our data demonstrated that garlic 

nanoparticles could suppress the proliferation and 
metastatic potential of HCC by modulating 
important regulators involved in proliferation, 
invasion and apoptosis, our findings may suggest a 
potential use of garlic nanoparticles for 
hepatocellular carcinoma chemoprevention. 
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