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ABSTRACT 

Ultrasound-assisted sol−gel method was used to prepare hollow 

structured poroussilica nanoemulsion loaded with sodium salicylate as 

a model drug. The work was extended to achieve the target of the 

current work via investigating the protective role this nanoemulsion 

model as anti-inflammatory drug or ginger for its antioxidant effect 

against cisplatin-induced hepatotoxicity in male albino rats. The results 

clarify that the nanoemulsion model was synthesized using ultrasonic 

assisted with small size and well stabilization as proved by TEM and 

DLS analysis. Additionally, Serum AST, ALT and δGT were increased 

after cisplatin injection with disorders in oxidative stress parameters 

and rising of serum HA, MMP-1, TIMP-1 and NF-κb levels. Also, histopathological changes 

of the liver tissues were observed. These changes back to normal by treatment with silica 

nanoparticles loaded sodium salicylate (Si-Sc-NPs), ginger or both. oil/water nanoemulsion 

of (Si-Sc NPs)and ginger showed a protective and promising preventive strategy against 

hepatotoxicity due to their antioxidant and anti-inflammatory effects and that offer a new 

approach in attenuating of drug induced hepatotoxicity. 

 

KEYWORDS: Silica nanoparticles coated sodium salicylate, Drug hepatotoxicity, cisplatin, 

liver, rats. 

 

INTRODUCTION 

Adverse drug reactions affecting the liver represent an important challenge for physicians, 

health authorities and pharmaceutical companies. Acute liver failure is the most severe 

clinical expression and represents the first cause of fatalities related to drugs. As a 
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consequence, it is also the first cause of drug withdrawal from the pharmaceutical market 

(Larrey, 2005). Cisplatin [cis-diamminedichloroplatinum (II)], is a renowned anticancer 

drug. It is foremost used for the treatment of solid tumors. Its use is restricted because of the 

toxic effect on kidney as well as liver, that could be seen with a one dose of cisplatin in about 

28% to 36% of cancer patients (Abdulrahman et al., 2014). Cisplatin (Cis) is a small 

molecule that could be cross the plasma membrane in easily way then to nucleus that leads to 

changes in the DNA molecule structure. Those changes consequence of the formation of 

inter- and intra-chain adducts through cis as well as the nitrogen bases of the DNA (Hah et 

al., 2006). Oxidative stress has an important role in the hepatotoxicity induced by cis. The 

earlier studies showed that, the precocious signs of cis-induced hepatotoxicity were the 

decrease in the levels of hepatic reduced glutathione (GSH) and elevation in the levels of 

hepatic malondialdehyde (MDA) (Pugh et al., 2003). Those signs indicated the peroxidative 

processes acceleration in the hepatic cell. The oxidative stress as well as production of 

reactive oxygen species ROS as superoxide anions, hydroxyl radicals and hydrogen peroxide 

are normally produced in liver. The mechanism of detoxification working in the liver was 

detoxified the ROS with endogenous antioxidants as catalase, SOD and GSH. The 

intracellular accumulation of ROS resulted in increases in both DNA damage and 

peroxidation of membrane lipids (Kumari et al., 2012). Free radicals which are very reactive 

intermediates; reacted with nucleotides of DNA, the sulphhydryl bonds of protein as well as 

the polyunsaturated fatty acids formed in cellular membranes which lead to damage of the 

tissues (Turkiz et al., 2012). Also, ROS is important in enhancing inflammation throughout 

the activation of nuclear factor-kβ (NF-kβ). Oxidative stress and inflammation were 

suggested to be the main mechanisms in the pathogenesis of cis -induced hepatotoxicity 

(Rahman et al., 2006). Salicylates are widely used in the treatment of inflammatory 

conditions as rheumatoid arthritis and rheumatic fever. The anti-inflammatory actions of 

salicylates and other non-steroidal anti-inflammatory agents were generally attributed to their 

inhibition of cyclooxygenase activity and prostaglandin synthesis. Among the antioxidants 

which were tried against hepatotoxicity are those which were extracted from natural products 

(mainly medicinal plants as well as dietary components) (Heeba et al., 2010). It was shown 

by many workers that dietary antioxidants could detoxify reactive oxygen species and 

reduces some of the side effects. Several natural products were used for protection from the 

toxicities which induced by drugs. Generally herbs are considered safe and proved to be 

effective against various human ailments and their medicinal uses were gradually increased in 

developed countries. Zingiberofficinale roscoe (ginger) belonged to Zingiberaceae family, is 
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a free radical scavenger and has been shown to be effective on injury in the rat's kidney 

(Naheed A. and Hajar T. 2015). Extracts of the ginger are rich in shagaols and gingerols 

that exhibit anti-oxidant, anti-inflammatory as well as anti-carcinogenic proprieties under ‘in 

vitro’’ and ‘‘in vivo’ systems. Recently, hollow structured porous nanospheres integrating 

hollow interior with porous shell into one nanostructure have attracted much research 

attentions due to their unique properties, as good permeability, low density, excellent loading 

capacity and also high surface area. The void in the hollow structures could provide space for 

loading of guest molecules or particles, making them attractive in drug delivery. Scheme 1 

represent the steps for the formation of silica nanoparticles loaded sodium salicylate (Si-Sc-

NPs) Ultra-sonication has been used for the preparation of hollow structured porous via the 

creation of silanol species through free radical process providing the very strong shearing of 

initial oil-in-water macroemulsion. This strong shearing action of oil-in-water droplet will 

produce long and thin structure that finally breaks up into nanodroplets. Hereby, the current 

research was designed to prepare oil/water (O/W) nanoemulsion of compartmentalized 

hollow silica nanospheres by ultrasonicating an oil−water−surfactant system in the presence 

of silica source (tetraethyl orthosilicate; TEOS) in the presence of common cationic 

surfactant and oil nominated cetyltrimethyl ammonium bromide (CTAB) and castor oil 

respectively. The vegetable oil (castor oil) was chosen for its biocompatibility and low cost. 

The silica source is tetraethyl orthosilicate (TEOS). The research work was extended to 

prepare compartmentalized hollow silica nanospheres (HSN) encapsulated with sodium 

salicylate as a model drug for drug delivery domains. The as synthesized nanoemulsion of 

hollow structured porous silica and silica encapsulated with sodium salicylate will be 

extensively characterized to determine the hydrodynamic size, particle shape via TEM and 

DLS techniques. The prevention and/or lowering of the side effects of drugs are of the major 

solicitude for the treatment of patients who forced to take them for long periods or 

permanently. So, in this study we elucidate a new way to get these treatments without falling 

in new drug toxicity. This study aims to elucidate agents ameliorating of drug hepatotoxicity 

induced by Cis in experimental animals using silica nanoparticles as anti-inflammatory drug 

and using medicinal plant (ginger) for its antioxidant effect.  

 

MATERIALS AND METHODS  

Animals  

Male albino rats from the animal house of the National Research Centre (Cairo, Egypt), 

weighing 180‒200 g, were used. Animal procedures followed the recommendations of the 
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Ethics Committee of the National Research Centre (Cairo, Egypt) and the United States 

National Institutes of Health Guide for Care and Use of Laboratory Animals (Publication No. 

85-23, revised 1985).  

 

Drugs and Chemicals 

All reagents were used as received without further purification. Cetyltrimethylammonium 

bromide (CTAB, 99+ %), tetraethyl orthosilicate (TEOS, 98), castor oil was purchased from 

Across Co (Germany). Ultrapure deionized (D.I.) water was generated using a Millipore 

Milli-Q plus system. Cis and sodium salicylat purchased from Sigma-Aldrich Chemical 

Company, St. Louis, MO, USA. Ginger extracts were obtained from Arab Company for 

Pharmaceuticals and Medicinal Plants (MEPACO, Cairo, Egypt) in tablet form.  

 

Methods 

Chemical Synthesis of Silica nanoparticles loaded with sodium salicylate. 

For achieving silica nanoparticles (Si NPs), 1 g of CTAB was dissolved in 183 ml of 

deionized water at room temperature. Afterward, an oil phase solution containing 15 ml of 

TEOS and 2 ml of castor oil was added to the aforesaid aqueous solution with stirring at 1000 

rpm for 5 min to generate a simple oil-in-water (O/W) emulsion system. The reaction mixture 

was then sonicated using an ultrasonic bath (FALC Instruments s.r.i., Italy), supplemented 

with mechanical stirring at 1000 rpm (Heidolph, Germany) for 15 min at room temperature. 

After that, a cloudy mixture was obtained and then left to stand for another 24 h. The SiNPs 

were isolated by centrifugation at 15000 rpm for 30 min (K241R, Centurion Scientific, UK). 

The product obtained was further washed in sequence with ethanol and deionized water to 

remove unreacted chemicals. To encapsulate sodium salicylate (Sc) into the formed silica 

nanoemulsion 2 g of (Sc) was added to the oil part of TEOS and castor oil and then added to 

aqueous phase of CTAB solution. The produced nanoparticles of Si loaded (SC) was coded 

as Si-Sc NPs. 

 

Study Design: Rats were randomly divided into eight equal groups, with ten rats in each 

group. Rats were given saline I.P. (group 1) or cis I.P. (12 mg/kg BW) (group 2) or carrier 

I.P. 100 mg/kg BW /day (group 3). This dose of cis produces hepatotoxicity in rats 

(Sarawoote et al., 2013). Some groups also received I.P. injection of Si-Sc-NPs (100 mg/kg 

BW) either alone (group 4) or with cis (group 5). Ginger was administered with stomach tube 

310 100mg/kg BW /day alone (group 6) or cis (group 7) or both Si-Sc-NPs (100 mg/kg BW) 

and ginger with cis (group 8).The Si-Sc-NPs, ginger or combination of both were 
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administered for three weeks alone before the injection of cis and then were continued for 

one week. Animals were then euthanized by decapitation. Blood and liver tissues were 

collected. Tissues were fixed in 10% neutral buffered formalin for histopathological 

examination or homogenized for estimation of liver parameters. 

 

Physical characterization for the formed nanoparticles of Si and Si loaded SC as a 

model drug 

The particles shape of the formed nanoemulsion of Si NPs loaded with and without (Sc) was 

investigated using transmission electron microscopy (TEM) technique. The images were 

taken by a JEM-2011F microscope (JEOL, Japan) operated at 200 kV. In addition, the 

hydrodynamic size of Si nanoemulsion and the formed nanoemulsion of Si-Sc was 

determined by diluting 1 ml of the as prepared nanoemulsion in 10 ml of deionized water. 

Followed by the samples sonication for 10 min at room temperature. Size distributions of the 

nanoparticles were determined with a Malvern Zetasizer Nano ZS (Malvern Instruments Ltd., 

GB) by the DLS technique. 

 

Biochemical Analysis  

Livers were removed quickly and homogenized in cold buffer pH= 7.4 then centrifuged and 

the supernatant was removed for parameters estimation (Manna et al., 2005). Serum alanine 

amino transferase (ALT), aspartate amino transferase (AST) and δ - Glutamyl transferase 

(δGT) were determined using kit was supplied from Spectrum Company, Egypt based on the 

method described by Reitman and Frankel, 1957and Saw et al., 1983. Lipid peroxidation 

was assayed by measuring the level of malondialdehyde (MDA) in serum using the method 

of Ruiz- Larrea et al., (1994). (NO) was determined using Griess reagent, according to the 

method reported by Moshage, et al., (1995). The arylesterase activity of paraoxonase 

(PON1) was measured spectrophotometrically (Patil et al., 2014). Serum (HA), MMP-1, NF-

κβ and TIMP-1 were estimated by enzyme-linked immunosorbant assay (ELISA), the kit was 

purchased from Biovision, Inc. Beijing, China. 

 

Histopathological analysis: For microscopic evaluation livers were fixed in 10% neutral 

buffered formalin. The fixed samples were dehydrated in ascending series of ethanol, cleared 

in zylene, and embedded in paraffin wax. Sections 5 μm thickness was prepared using a 

microtome stained with hematoxylin and eosin (H & E), and examination under a light 

microscope (Xiupu et al., 2012).  
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Statistical Analysis: All data will be expressed as mean ± SE. Distribution of the data will be 

verified to be normal using Tests of Normality (SPSS package). Statistical significance will 

be tested by one way analysis of variance (ANOVA) followed by Bonferroni post hoc 

analysis. 

 

RESULTS 

Utilization of silica materials as drug carriers and controlled release of drug has been 

extensively used since about 15 years ago. The medical application of silica materials could 

be attributed to their biocompatibility and easy formulation with drugs. By means of using 

silica nanoparticles to transport bioactive molecules could protect them from degradation 

under physiological conditions, allow for controlled release, prolong their blood circulation, 

improve disease targeting and minimize side effects to healthy tissues. In a sol−gel synthesis 

the using of TEOS, without sono-excitation, the hydrolysis of TEOS needs acid or base 

catalysts. At neutral pH, the hydrolysis of TEOS was relatively slow though the silica 

condensation reaction would be fast. Fortunately, TEOS could be hydrolyzed under 

sonochemical excitation. Ultrasonic irradiation, instead of commonly used basic or acidic 

catalyst, was used to for the production of acoustical cavitation in the liquid H2O/TEOS 

reactants.  

Na+

CTAB TEOS SC

Si-Sc NPs

+

+

+

+

+

+

+

Stirring

Ultrasonication

 

Scheme 1: Steps for the formation of silica nanoparticles loaded sodium salicylate (Si-

Sc-NPs). 

 

The ultrasonic cavitation produced hydrolyzed silicate species under pH-neutral catalyst-free 

condition. Hence, the schematic diagram represents the steps for the formation of hollow 

structured porous silica encapsulated with (Sc) as a model drug. The nanoemulsion was 

successfully prepared using TEOS, CTAB and (Sc) as Precursor for silica, surfactant and 

model drug respectively. 

 

Characterization of silica and silica loaded sodium salicylate  

Figure (1) represents the TEM images of silica nanoemulsion and nanoemulsion of silica 
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encapsulated with (Sc). It can be clearly seen (Figure 1 A) that the silica nanoemulsions are 

hollow with nested sphere-within-sphere interior of different contrasts. On the other hand, 

figure 1 B demonstrate the particle shape of silica nanoemulsion loaded with (Sc). It is clearly 

seen that the particle shape significantly changed when compared with the hollow structure of 

silica nanoparticles. it is observed in Figure 1 B that there is dark middle region due to the 

encapsulation of (Sc). Also, the internal space of the inner hollow spheres was filled with 

(Sc) as clearly identified in TEM figure with high magnification (Figure 1C). 

 
A B

C

B

 

Figure 1: TEM images of (a) hollow structured porous silica nanoemulsion and (b) silica 

nanospheres encapsulated with sodium salicylate. 

 

By and large, all particles of silica and silica loaded with the model drug (Sc) is still in the 

form of nanometre size. However, the size is marginally increased which may be assigned to 

the encapsulation of (Sc). 
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Figure 2: Hydrodynamic size of the produced nanoemulsion of silica nanospheres and 

silica nanospheres encapsulated with sodium salicylate. 

 

The addition of CTAB plays a crucial for stabilizing the as synthesized silica anoemulsion 

with and without (Sc). In presence of CTAB, many well-separated hollow silica nanospheres 

are observed due the presence of positive charges. It is also observed that the solubility of 
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CTAB in the encapsulated oil phase is high with the addition of castor oil. The ultrasound-

induced silica helps in the rapidly formation of homogeneity and well stabilized 

nanoemulsion. Dynamic light scattering (DLS) data showed that the Si nanospherehave the 

average hydrodynamic diameter of 43 nm in water which indicat that Si nanosphere is non-

aggregating. After encapsulation with (Sc), the average hydrodynamic size increases to 78 

nm. This means the silicate’s negative charges were not strong enough to recompense for the 

positive charge of CTAB, which has the capability to repulsion the silica particles from each 

other. The obtained data of DLS analysis (Figure 2) is in a good accordance with TEM 

images (Figure 1). 

 

In vivo Results: the following study was found that levels of AST, ALT and δGT have been 

insignificantly changed in groups injected with carrier or Si-Sc-NPs in comparison with the 

control group, indicating the supplemented nanoparticles safety. Otherwise, the levels of 

AST, ALT and δGT were significantly elevated in rats injected by cis group in comparing 

with the control group. While, those values were significantly reduced after the injection with 

Si-Sc-NPs and/or ginger groups compared to cis group (Table 1). 

 

Table 1: Serum AST, ALT and δ GT levels (U/l) in different studied groups. 

Parameters 
Groups 

ɤGT (U/L) AST(U/L) ALT(U/L) 

17.5±1.6 77.9 ±8.6 30.04 ±1.9 Control 

20.9±1.5 86.2± 8.2 30.9 ±2.4 Carrier 

47.6±3.1
a,b

 126±1.4
a,b

 72.6 ±2.4
a,b

 Cis 

20.4±1.5
c
 83.5±4. 9

c
 31.2±3.19

c
 Ginger 

18.7±1.7
c
 75.3±5.9

c
 29.15 ±2.4

c
 Sodiumsalisylate 

40.5±0.8
a,b,c

 112.1±1.9
a,b

 70.8 ±1.4
a,b,c

 Ginger+cisplatine 

30.4±2.4
a,b,c

 102.1±1.96
a,b,c

 54.9 ±2.4
a,b,c

 Sodiumsalisylate +cisplatine 

28.9±1.5
a,b,c

 99.4±3.4
a,c

 52.7±1.4
a,b,c

 Combination+cisplatin 

Data presented as mean±SEP value <0.001. 
a
Significant difference compared to control 

group; 
b
Significant difference compared to carrier group, 

c 
Significant difference compared to 

cisplatin group. 
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Table 2: Oxidant and antioxidants in different studied groups. 

Parameter 
Groups 

PON (µmol/g) NO (µmol/g) MDA (µmol/g) 

91.6±3.8 16.7±0.36 97.5±3.5 Control 

92.2±4.3 17.25±0.4 110.8±2.05 Carrier 
a,b

 50.16±4.2 41.39±1.06
a,b

 241.3±5.8
a,b

 Cis 

98.06±3.9
c
 17.7±0.6

c
 99.4±3.6

 c
 Ginger 

92.06+1.6
c
 18.4±0.38

c
 100.1±4.3

c
 Sodium salisylate 

58.0±3.3
a,b,c

 34.9±1.8
a,b,c

 204.1±1.59
a,b,c

 Ginger+cisplatine 

66.1±3.3
a,b,c

 30.19±2.6
a,b,c

 193.1±3.3
a,b,c

 Sodiumsalisylate +cisplatine 

70.3±2.03
a,b,c

 26.16±1.01
a,b,c

 178.8±2.8
a,b,c

 Combination+cisplatin 

Data presented as mean±SEP value <0.001. 
a
Significant difference compared to control 

group; 
b
Significant difference compared to carrier group, 

c 
Significant difference compared to 

cisplatin group. 

 

Table 3: Serum HA (ng/ml), MMP-1 (pg/ml), TIMP-1 (pg/ml) and NF-κb (ng/ml) levels 

in different studied groups. 

Parameter 

Groups NF-KB 

(ng/ml) 

TIMP-1 

(pg/ml) 

MMP-1 

(pg/ml) 
HA (ng/ml) 

2.5±0.15 8.9±4.8 434.1±19.1 ±1.0324.4 Control 

2.25±0.12 14.4±5.4 442.4±18 25.05±1.47 Carrier 

8.57±0.57
a,b

 137.7±16.8
a,b

 998.8±80
a,b

 60.6±1.6
a,b

 Cis 

2.3±0.12
c
 10.2±5.4

c
 432.2±22

c
 25.4±1.12

c
 Ginger 

2.2±0.16
c
 9.3±4.9

c
 439±15.09

c
 24.1±1.3

c
 Sodium salisylate 

7.2±0.11
a,b,c

 117.1±5.1
a,b,c

 827.8±29.7
a,b,c

 56.1±1.5
a,b,c

 Ginger+cisplatine 

6.5±0.27
a,b,c

 100.1±2.8
a,b,c

 704.1±25.6
a,b,c

 44.9±1.8
a,b,c

 
Sodiumsalisylate 

+cisplatine 

5.5±0.2
a,b,c

 83.2±5.02
a,b,c

 693±25.7
a,b,c

 42.7±1.2
a,b,c

 Combination+cisplatin 

Data presented as mean±SEP value <0.001. 
a
Significant difference compared to control 

group; 
b
Significant difference compared to carrier group, 

c 
Significant difference compared to 

cisplatin group. 

 

Liver MDA as well as NO were significantly elevated, but PON 1 was significantly reduced 

in cis group in comparison with control group, resulting in the increase of oxidative stress. 

Moreover, both liver MDA and NO have been significantly reduced, but PON 1 was 

significantly elevated in Si-Sc NPs protected groups in comparing with cis group (Table 2), 

which indicate the antioxidant potential of those supplemented agents. In addition, these 

detected elevations in the levels of serum HA as well as MMP 1 of cis group were 

significantly decreased in groups protected with Si-Sc NPs and then injected with cis     

(Table 3). Serum HA and MMP 1 levels in ginger protected group were still significantly 

high in comparison with control group; moreover in combination protected group it became 
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almost near the control group, indicating the better effect of nanoform. Other our results in 

this study were the increases of serum TIMP 1 and NF-κβ levels in cis group in comparing 

with control group. Moreover, these parameters values have been significantly reduced in Si-

Sc NPs protected group compared to cis group. The levels of these parameters in protected 

ginger group were still high comparing to control group in significant manner, however in 

combination protected group they become almost near the control group. 

 

Histopathological results: Normal structure of the hepatocytes, central vein, sinusoidal 

spaces and prominent nucleus were observed in the liver section of control rats (Fig. 3). Cis 

exposure caused marked damage to hepatocytes in the form of degeneration, cytoplasmic 

vacuolation, centrilobular necrosis associated with mononuclear cells infiltration around 

central vein and the central vein was enlarged and congested. The sinusoid walls showed 

numerous Kupffer cells, hemorrhages with sinusoids dilatation, and nuclei are pyknotic with 

condensed chromatin (Fig. 4). In the group received carrier and ginger only showed nearly 

normal structure with few Kupffer cells and hemorrhage blood sinusoids (Fig.5 &6). 

Histopathological examination of group received Si-Sc-NPs showed almost the hepatic 

stucture appear normal except few Kupffer cells and blood sinusoids (Fig.7). Hepatic sections 

of the rats that treated with Si-Sc-NPs and cis showed ameliorate effect with inflammatory 

cells, necrotic cells and congestion central vein and blood sinusoids (Fig. 8). Ginger+Cis 

treatment attenuated the cis-induced liver tissue injury, with inflammatory cells, congestion 

central vein, blood sinusoids and pyknotic nuclei were observed (Fig. 9). However, the 

pathological hepatic lesions induced by the cis were remarkably ameliorated by Ginger + Cis 

+ Si-Sc-NPs except few inflammatory cells and congestion blood sinusoids (Fig. 10). 

 

Fig. 3: Photomicrograph of section from 

liver of control group showing normal 

structure of liver, central vein (CV), 

prominent nucleus (N) separated with 

blood sinusoids (S) (H & E X 400). 

 

Fig. 4: Photomicrograph of section from liver 

of cisplatin group showing severe hepatic 

necrosis associated with mononuclear cells 

infiltration around central vein (thin arrow), 

congestion central vein (CV), hemorrhage 

blood sinusoids (S).and pyknotic nuclei (P) 
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(H & E X 400). 

 

Fig. 5: Photomicrograph of section from 

liver of Carrier group showing normal 

structure of liver, with few Kupffer cells 

(K) and hemorrhage blood sinusoids (S) 

(H & E X 400). 

 

 

Fig. 6: Photomicrograph of section from liver 

of Ginger group showing normal structure of 

liver, with few Kupffer cells (K) and 

hemorrhage blood sinusoids (S) (H & E X 

400). 

 

 

Fig. 7: Photomicrograph of section from 

liver of Sodium salicylate group showing 

few Kupffer cells (K) and blood 

sinusoids(S) (H & E X 400). 

 

 

 

Fig. 8: Photomicrograph of section from liver 

of Sodium salicylate+ Cis group showing 

inflammatory cells (thin arrow), necrotic cells 

(arrowhead), Kupffer cells (K) congestion 

central vein (CV) and blood sinusoids(S) (H 

& E X 400). 

 

 

Fig. 9: Photomicrograph of section from 

liver of Ginger+Cisplatin showing 

inflammatory cells (thin arrow), 

congestion central vein (CV) Kupffer cells 

(K), blood sinusoids(S) and pyknotic 

 

Fig. 10: Photomicrograph of section from 

liver of Ginger + Cisplatin + Sodium 

salicylate showing few inflammatory cells 

(thin arrow), Kupffer cells (K), and 

congestion blood sinusoids(S) (H & E X 400). 
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nuclei (P) (H & E X 400). 

DISCUSSION 

Drug-induced liver injury is considering the causative of acute liver failure and 

transplantation in western countries. The detection of subtle mechanisms which lead to 

potential drug hepatotoxicity is of key importance and remains a main challenge in clinical 

practice. The frequent involvement of the liver in drug induced toxicity depending on its 

anatomical location (the liver is the primary port of entry for ingested drugs) and its’ 

physiological and biochemical functions due to the abundance of metabolizing enzymes 

(Ignazio et al., 2009). Our findings revealed that the treatment of rats with cis induced acute 

hepatotoxicity. Also, Si-Sc-NPs or pretreatment with combination, protected the liver from 

damage induced from cis. These findings were assured by reduced plasma AST, ALT as well 

as δGT with the obvious normal liver histology. In our study, the hepatotoxicity of cis was 

clearly observed through an a significant elevation of serum AST, ALT and δGT levels in 

cis-treated rats compared with the control, as it had been previously reported that cis 

administration causes deteriorations of liver function tests such as serum AST, ALT and δGT 

revealed hepatic dysfunction, which could be a secondary event following cis -induced liver 

damage with the consequent leakage from hepatocytes (Gaona et al., 2011). Several reports 

(Omoniyi et al., 2006) showed the protective effects of ginger extract via their antioxidant 

properties which improve the hepatic dysfunctions and hepatic damage which induced via 

hepatotoxicants, CCl4 and acetaminophen. Results of this study demonstrated that ginger 

extract improve the elevated levels of the serum AST , ALT and δGT when compared to the 

cis treated group, and those could be attributed to ginger components that could stabilize 

hepatocytes plasma membrane and prevent delivery of AST and ALT to the extracellular 

fluid (Ahmed et al., 2012). In the current study, obvious increases in liver MDA levels as 

well as NO were observed accompanying with a decrease in PON 1 contents in the cis group. 

The increase of MDA because of increases in lipid peroxidation and oxidative stress is a 

reasonable explanation of liver injury induced by cis in the following study. Moreover, many 

studies mentioned these increases in oxidative stress and ROS signaling cascade were 

associated with the activation of hepatic stellate cells (HSC's) which also produce ROS 

)Siegmund et al., 2005). Besides ROS, NO represents other active radical that was 

synthesized by nitric oxide synthase (NOS). The expression of inducible (iNOS) was noticed 

in liver injury, inflammation as well as fibrosis (Aram et al., 2009). NO capable to react with 

ROS and form peroxynitrite, a very toxic and oxidizing agent which stimulate DNA damage 

as well as lipid peroxidation (Aristatile et al., 2009). While, the capability of Si-Sc-NPs in 
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ameliorating the oxidative stress was more than the protection of ginger alone indicating the 

protective effect that the form of nanoparticles could potentially do. Furthermore, the current 

study showed that liver injury induced from cis was accompaning by inflammatory reaction 

demonstrated by increase in the NF-κb levels. These results were compatible with the 

findings of recently published studies (Omar et al., 2016). Moreover, our current results 

mentioned that the pretreatment significant protection decreased the levels of NF-κb of cis-

treated rats. NF-κb is the nuclear transcription factor which found in the cytoplasm of the 

hepatocytes where it was activated through oxidative stress conditions (Zhu et al., 2000). 

NF-κb controls many inflammatory genes, as TNF-a, iNOS, COX-2, IL-6, and IL-1b. Its 

disorder is accompanied with the inflammation mechanism (Tseng et al., 2014). During 

hepatotoxicity, NF-κb initiate the liberation of adhesion molecules, proinflammatory 

cytokines, and chemokines (Choi et al., 2012). That action may be the underlying 

mechanism of hepatotoxicity induced by cis. TLR-4 activation has been shown to be 

accountable for acute hepatotoxicity (Makled et al., 2016). TLR-4 is one of many important 

signal-transducing receptors, which could activate NF-κb (Zhang et al., 2014). TLR-4 

activates the myeloid differentiation primary response gene (88) (MyD88), leading to the 

activation of NF-κb and then the production of IL-6, IL-1b, as well as TNFα (O’Neill et al., 

2007). Previously it was indicated that the reduction of the TLR-4 as well as NF-κb 

expressions were associated with reduced cytokine production caused by LPS and prevent the 

liver damage caused by an excessive inflammatory reaction (Zhang et al., 2014). Previous 

studies had linked cis-mediated TLR-4 activation with hepatotoxicity as well as ototoxicity 

(Oh et al., 2011). This protection was more obvious in Si-Sc-NPs pretreatment than in the 

ginger pretreatment group indicating in the high significant protection of the Si-Sc-NPs 

model. The pretreatment with Si-Sc-NPs or ginger in our study were also able to attenuate the 

significantly detected increases of MMP1 and TIMP1 of cis-treated rats, where the 

attenuation effect of Si-Sc-NPs was more effective than of ginger, demonstrating potential 

effect of this Si-Sc-NPs drug against hepatic damage as It is believed that activated HSCs and 

Kupffer cells are the major sources for TIMP- 1 production during liver injury (Jeong et al., 

2006). The activation of TIMP-1 is responsible for the deposition of extra cellular matrix 

following the liver damage which subsequently leads to activation of MMP1 for extracellular 

matrix degradation (Tianhui et al., 2012). Measurement of serum (HA) concentration was 

reported to be as a predictor of liver damage. HA is cleared rapidly in the normal liver with a 

half-life of 2-5 min. So, the significant increases of HA observed in cis-induced 

hepatotoxicity group show a profound disturbance of the production and/or clearance of HA. 
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The increases of HA in the cis treated group could initially reflect increased production 

because of inflammation and resulting acut phase response and possibly release from 

damaged non-parenchymal cells. The impaired clearance of HA could be in part due to 

defects and/or cleaving off of the HA receptors on sinusoidal endothelial cells (williams et 

al., 2003). Kupffer cells were activated by inflammation and produces cytokines that activate 

sinusoidal and systemic endothelial cells with subsequent loss of receptor function 

(Lindqvist, 1997). HA production is known to increase through inflammation as well as liver 

disease (Berg, 1997). In our study NF-κβ was used as marker of inflammation. It is known 

that inflammation could play an important role in the increased levels of serum HA in cis 

treated group. But these disturbances were ameliorated with pretreatment of Si-Sc- NPs or 

ginger where the levels the HA were significantly decreased also these amelioration was 

more obvious in the Si-Sc-NPs model group, indication its protection against hepatotoxicity. 

 

CONCLUSIONS 

Nanoemulsion of hollow structure silica nanoparticles and silica nanoemulsion encapsulated 

with (Sc) as a model drug was synthesized using ultrasound-assisted sol−gel method. CTAB 

and TEOS were used as precursor and surfactant respectively. Addition of CTAB had a vital 

rule in controlling the particle shape of silica nanoparticle in well stabilized size without 

noticeable agglomeration. The obtained spherical particles of silica and silica encapsulated 

(Sc) had 43 and 78 nm respectively. In vivo studies have been tested against drug 

hepatotoxicity indicating increase in AST, ALT and δGT in Cis–induced hepatotoxicity rats 

concomitant with disturbances in oxidative stress parameters and upgrading of HA, MMP1, 

TIMP1 and NF-κβ levels. Contrarily, these disturbances were augmented by (Si-Sc-NPs) 

supplementation alone or in combination with ginger. The obtained results are considered as 

potential implications that offer a new approach in attenuating of drug induced 

hepatotoxicity. 
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