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ABSTRACT
Objective: The present study was designed to evaluate the effect of zinc oxide nanoparticles (ZnO NPs) on Aluminum chloride (AlCl 3 )-induced hepatorenal injury.
Methods: Animals were divided into, I-control group; rats received saline, II-AlCl 3 group; animals received 100 mg AlCl 3 /kg body weight, III-ZnO NPs group;
rats received 10 mg ZnO NPs/kg body weight, and IV group ZnO NPs+AlCl 3 . All rats were administered their respective doses daily for 6 w. Hepatorenal
function parameters in sera; aminotransferases, bilirubin, urea, and creatinine were estimated. Lipid peroxide level and nitrite\nitrate ratio, glutathione
content, glutathione peroxidase, glutathione reductase, catalase, superoxide dismutase activities and interleukin-1β, tumor necrosis factor-α levels were
determined in both tissues. The histopathological and the immunohistochemical investigations of nuclear factor-kB expression were carried out.

Results: ZnO NPs treatment to AlCl 3 -intoxicated rats significantly reduced Al accumulation (at p<0.05) in the hepatorenal tissue and increased zinc
accumulation (at p<0.05) in liver and kidney, respectively, with respect to AlCl 3 -group, thus inhibiting oxidative stress and inflammation parameters
represented by lipid peroxidation and nitric oxide levels (at p<0.05) compared to AlCl 3 group and elevated antioxidant parameters (at p<0.05),
compared to AlCl 3 treated group, while suppressed interleukin-1β, tumor necrosis factor-α levels (at p<0.05) and the nuclear factor-kB activation in liver
and kidney, especially in the kidney if compared to AlCl 3 -treated group. Hepatorenal function indices indicated significant decreases compared to AlCl 3
group (at p<0.05).
Conclusion: Results indicated the ameliorative effect of ZnO NPs on aluminum-induced hepato-renal damage.
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INTRODUCTION

MATERIALS AND METHODS

Aluminum (Al) represents about 8% of the total mineral constituents of
the earth’s crust and classified among the most harmful toxicants in the
environment [1]. Humans are exposed mainly to Al through drinking
water, food additives, and packaging, cooking utensils, deodorants and
medicines [2]. Al accumulates in different organs causing neurological,
respiratory, immunological, skeletal and hematopoietic problems [3].
Reports indicated bile duct hyperplasia, liver fatty degeneration and a
disturbance in transaminases and alkaline phosphatase activities
following Al-intoxication [4, 5]. Chronic administration of Al-induced
changes in the morphological structure of glomeruli and proximal
tubular cells and affected the levels of kidney function parameters [6].
Oxidative stress is an important mechanism involved in Al-induced
hepato-renal toxicity, through enhanced lipid peroxidation, nitric oxide
formation and depressed cellular glutathione [5, 7].

Chemicals

Metal oxide nanoparticles received attention in medicine, for the
prevention and treatment of diseases characterized by free radicals
production [8]. Zinc oxide nanoparticles (ZnO NPs) have been used in
different industrial products including textiles, paints, toothpaste,
cosmetics, and bio-imaging probes. They were also used in genedelivery drugs and as a food additive due to their antibacterial and
antifungal properties [9-11]. ZnO NPs were used for their antioxidant
activities [12] but could also induce cytotoxic effects [13].

As Al is detoxified in the liver and excreted mainly by the kidneys, the
present study was designed to evaluate the role of ZnO NPs against Alinduced hepato-renal toxicity in rats, through estimation of Zinc and Al
accumulation in liver and kidney, measurement of both organs function,
oxidative stress and inflammatory status and histopathological
investigation of hepato-renal tissue and immunohistochemical examination
of nuclear factor-kappa B (NF-κB) protein expression in both tissues.

Aluminum chloride (AlCl 3 ) anhydrous (CAS number, 7446-70-0) and
zinc oxide nanoparticles (ZnO NPs), ˂100 nm particle size (TEM), ≤40
nm average particle size (CAS number, 1314-13-2) were obtained and
purchased from Sigma-Aldrich (St. Louis, MO, USA). Chemicals and
reagents used throughout the experiment were of analytical grade.
Animals and experimental design

Male Wistar rats of ten w old (200–220 g) were obtained from the
Holding Company for Biological Products and Vaccines (VACSERA)
Cairo, Egypt. Animals were housed in wire polypropylene cages in a
room under standard laboratory conditions (12h light-dark cycle;
25±2 °C) and were provided with water and animal standard diet ad
libitum, as described [14], and allowed to acclimatize for seven d
before experiment practices. Rats were divided into four groups (n=7
rats in each): I-control group (CNT); animals were received oral saline
daily, II-AlCl 3 treated group; rats were received daily oral AlCl 3 100
mg/kg body weight, III-ZnO NPs treated group; rats have received ZnO
NPs 10 mg/kg body weight, orally, once, and in ZnO NPs+AlCl 3 treated
group, rats were administered 10 mg/kg of ZnO NPs one h prior to 100
mg/kg of AlCl 3 . All rats have received their respective doses daily for 6
w. The present study was approved by the Animal Ethical Committee
of Helwan University (Cairo, Egypt; approval no. HU2017/Z/09), and
was conducted by the NIH Guidelines for the Care and Use of
Laboratory Animals [15, 16].
Handling of tissues

Animals of all groups were sacrificed after 24 h of the last
administration, and blood was collected in sterilized centrifuged tubes,
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and then centrifuged at 3000r pm for 10 min to separate serum for
biochemical assays. Liver and kidney from rats of all groups were
quickly dissected and washed with ice-cold phosphate buffer (0.05 M,
pH 7.4) then subsequently, small pieces from each tissue (100 mg)
were homogenized in cold phosphate buffer (0.05 M, pH 7.4), and
centrifuged at 3000 rpm for 10 min at 4 °C. The resulting supernatant
of all tissue samples from all groups was used for the determination of
biochemical parameters.
Measurement of Al and Zn concentration in the liver and kidney of rat

The concentration of Al and Zn in the liver and kidney tissues was
assessed using the standardized procedure [17]. In brief, liver and
kidney tissue samples were weighed and dried in an oven at 100 °C for
24 h. The dried samples were digested with 2 M nitric acid and 2 M
hydrochloric acid at 150 °C for 6 h. The samples were diluted with
deionized H 2 O to a final volume of 50 ml. Aluminum and zinc
concentrations were assayed by graphite furnace atomic absorption
spectrophotometry (GFAAS; Perkin-Elmer 3100) at 309.3 and 213.9
nm, respectively. Al and Zn concentrations were expressed as µg/g of
wet tissue. All analyses were run in three replicates.
Biochemical parameters

Liver and kidney functions assays
Estimation of Liver and kidney function parameters in blood sera of rats
from all groups were undertaken. The enzymatic activity of alanine aminotransaminases (ALT) and aspartate aminotransferase (AST) were
determined according to the method of [18], bilirubin (Bil) was evaluated
according to [19], while urea and creatinine were assayed according to [20]
and [21], respectively, using commercially available diagnostic kits
(Biodiagnostics-Egypt) as per manufacturer’s instructions.
Determination of malondialdehyde and nitric oxide levels

Hepatic and renal level of malondialdehyde (MDA; the end product of
lipid peroxidation) was determined using thiobarbituric acid according
to the principle procedure [22]. While the level of nitrite/nitrate (nitric
oxide, NO) was assayed according to [23].
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Determination of pro-inflammatory markers
The levels of pro-inflammatory cytokines namely; tumor necrosis
factor-alpha (TNF-α) and interleukin-1 beta (IL-1β) in hepatic and
renal tissues, were determined using enzyme-linked immunosorbent
assay (ELISA) methods using rat ELISA kits (CUSABIO Life Sciences,
China) according to the test procedure provided by the manufacturer.
All samples were run in two replicates.
Histopathological examination

Liver and kidney tissue samples from all groups were fixed for 24 h in 10%
neutral formalin. Following the fixation, tissue samples were passed
through routine procedures and embedded in paraffin blocks and
sectioned (4-5 μm). After paraffin was removed, specimens were stained
consistently with hematoxylin and eosin for microscopic examination
according to the method described [29]. Images were taken with 400×
magnification using an Eclipse E200-LED (Nikon, Tokyo, Japan).
Immunohistochemical analysis

To investigate nuclear factor-Kappa B (NF-κB) expression in the
hepato-renal tissue, sections were embedded in paraffin (4-μm
thickness) and treated with 3% hydrogen peroxide-containing
methanol for 10 min to block the endogenous peroxidase. Then,
samples were incubated with the primary antibody at 4 °C overnight.
Thereafter, all sections were washed with phosphate-buffered saline
(PBS) and incubated with biotinylated secondary antibody labeled
with horseradish peroxidase (HRP). The reactions were developed via
an HRP-catalyzed reaction with diaminobenzidine (DAB), followed by
counterstaining with hematoxylin. Photographs were taken with 400×
magnification using an Eclipse E200-LED (Nikon, Tokyo, Japan).

Statistical analysis

All data were calculated as the mean±standard deviation (SD).
Differences between the groups were analyzed using a one-way
analysis of variance (ANOVA) followed by Tukey’s post hoc test; p
values<0.05 were being regarded as statistically significant.

RESULTS

Determination of non-enzymatic and enzymatic antioxidants

Accumulation of AlCl 3 and ZnO NPs in the hepato-renal tissue

Hepatic and renal tissues homogenates were used to determine
glutathione (GSH) content according to the method of [24], superoxide
dismutase (SOD) and catalase (CAT) activities per the procedures
described [25] and [26], respectively. Whereas, glutathione peroxidase
(GPx) and glutathione reductase (GR) activities were assayed
according to the methods described [27] and [28], respectively.

Daily oral administration of AlCl 3 at dose 100 mg/kg for 6 w resulted
in a significant increase in its accumulation at (p<0.05) in the hepatic
and renal tissues concerning the control group. Meanwhile, in the ZnO
NPs+AlCl 3 group, rats pretreated with ZnO NPs (10 mg/kg) for the
same period showed a marked decrease in Al accumulation as
compared with AlCl 3 -exposed animals as illustrated in fig. 1.

Fig. 1: Accumulation of aluminum and zinc in liver and kidney tissue after daily treatment with zinc oxide nanoparticles (ZnO NPs) and
aluminum chloride, (AlCl 3 ) for 6 w. Data are expressed as the mean±SD (n = 7). ap<0.05 vs, the Control Group; bp<0.05 vs. the AlCl 3 -treated
rats using Tukey post hoc test
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Effect of ZnO NPs and/or AlCl 3 treatment on hepato-renal function
indices
To analyze the potential protective role of ZnO NPs against AlCl 3 -induced
hepato-renal toxicity, levels of liver and kidney function parameters were
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assessed. ALT, AST, bilirubin, urea, and creatinine levels were found to
elevate with a significant change at (p<0.05) following AlCl 3 -intoxication as
compared to the control group. Whereas, the levels of these physiological
parameters were modulated significantly in ZnO NPs pretreated rats when
compared to AlCl 3 -treated group as represented in table 1.

Table 1: Effect of zinc oxide nanoparticles (ZnO NPs) and/or aluminum chloride (AlCl 3 ) after daily treated for 6 w, on liver and kidney function
parameters alanine aminotransferase (ALT) aspartate aminotransferase (AST), bilirubin (Bil); urea and creatinine in sera of adult male rats
Experimental
Groups
Control
AlCl 3
ZnO NPs
ZnO NPs+AlCl 3

Parameter
ALT(U/l)
57.3±8.62
143.7±19.60a
59.3±10.41
107.3±9.51ab

AST (U/l)
82.7±10.69
192.3±16.26a
87.3±14.57
154.3±13.51ab

Bil (mg/dl)
0.52±0.07
1.63±0.25a
0.54±0.06
0.83±0.09ab

Urea(mg/dl)
5.60±1.15
15.10±2.66a
6.00±0.93
8.50±0.70ab

Creatinine (mg/dl)
0.92±0.22
2.11±0.46a
0.71±0.16
1.37±0.20ab

Data are expressed as the mean±SD (n = 7), a: Significant at p ˂ 0.05 with Respect to the Control Group, b: Significant at p ˂ 0.05 with Respect to the AlCl3
Group
Effect of ZnO NPs and/or AlCl 3 treatment on oxidant/antioxidant
parameters
To study the oxidative reactions following AlCl 3 -intoxication and the
potential antioxidant activity of ZnO NPs, the present results determined
the levels of oxidants and antioxidants in the liver and kidney
homogenates. As depicted in fig. 2, AlCl 3 treatment caused a significant
(p<0.05) elevation in lipid peroxidation in terms of MDA and also,
nitrate/nitrite levels while GSH content was depleted as compared with

the corresponding control values. In contrast, ZnO NPs administration
suppressed significantly elevated oxidants and increased GSH levels
when compared against the AlCl 3 -treated group. Moreover, AlCl 3
exposure inhibited significantly (p<0.05) the cellular antioxidant defense
enzymes, including SOD, CAT, GPx, and GR, when compared versus the
control values. However, the activity of these antioxidant enzymes was
significantly restored toward the control value in ZnO NPs-pretreated
rats (fig. 3); which reflects its antioxidant capacity against AlCl 3 -induced
oxidative damage in the hepato-renal tissue.

Fig. 2: Effect of zinc oxide nanoparticles (ZnO NPs) and/or aluminum chloride (AlCl 3 ) after daily treatment for 6 w, on lipid peroxidation
(LPO), nitric oxide (NO) and glutathione (GSH) levels in liver and kidney of adult male rats. Data are expressed as the mean ±SD (n= 7). a
p<0.05 vs. the control group; b p<0.05 vs the AlCl 3 -treated rats using Tukey post hoc test
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Fig. 3: Effect of zinc oxide nanoparticles (ZnO NPs) and/or aluminum chloride (AlCl 3 ) after daily treatment for 6 w, on antioxidant enzymes
activity in liver and kidney of adult male rats. Data are expressed as the mean±SD (n = 7). a p<0.05 vs. the control group; b p<0.05 vs. the AlCl 3 treated rats using Tukey post hoc test.
Effect of ZnO NPs and/or AlCl 3 treatment on inflammatory response
The present results showed that the accumulation of Al in the liver and
kidney was found to be associated with the progression of an
inflammatory response. AlCl 3 -treated rats exhibited a significant
increase (at p<0.05) in the production of the pro-inflammatory cytokines
namely; TNF-α and IL-1β concerning their control rats. Interestingly, the
levels of these inflammatory cytokines were recovered towards normal
values in the ZnO NPs and AlCl 3 co-administered group (fig. 4).
Effect of ZnO NPs and/or AlCl 3 treatment on liver histopathology

As shown in fig. 5, the control group exhibited normal hepatocytes
architecture showing well-defined central nucleus and abundant

cytoplasm, while the hepatic tissue of the AlCl 3 -intoxicated animals
indicated as previously recorded [5] by alterations in hepatic histoarchitecture after 6 w of treatment evidenced by disrupted central vein
and disarrangement of hepatic cords at most of the places and, also,
vacuolated hepatocytes, leukocytes infiltration and many Kupffer cells
and hepatocytes with dense and pyknotic nuclei were observed. ZnO
NPs administration to animals for 6 w also showed vacuolization and
disrupted hepatic cords.

While ZnO NPs+AlCl 3 treated group indicated revealed that preadministration of ZnO NPs preserved, to some extent, the hepatic
tissue from these pathological alterations caused by AlCl 3
exposure.

14

Mahmoud et al.

Liver

Int J Pharm Pharm Sci, Vol 12, Issue 1, 11-20
Kidney

Fig. 4: Effect of zinc oxide nanoparticles (ZnO NPs) and/or aluminum chloride (AlCl3) after daily treatment for 6 w, on interleukin-1β (IL-1β)
tumor necrosis factor-α (TNF-α) and levels in liver and kidney of adult male rats. Data are expressed as the mean±SD (n = 7). a p<0.05 vs. the
control group; b p<0.05 vs. the AlCl3-treated rats using Tukey post hoc test

Fig. 5: Photomicrographs of liver tissue. Where A) represents control, B) aluminum chloride (AlCl 3 ), C) zinc oxide nanoparticles (ZnO NPs) and
D) aluminum chlorid (AlCl 3 )+zinc oxide nanoparticles (ZnO NPs)
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Effect of ZnO NPs and/or AlCl 3 treatment on kidney histopathology
As shown in fig. 6, the renal tissue of the control and ZnO NPs-treated
animals showed an identical kidney structure with normal renal
tubules and glomeruli. AlCl 3 intoxication for 42 d resulted in swelling
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of epithelial cells, edema of the inter-tubular spaces, focal hemorrhage,
inflammatory cell infiltration, vacuolation, and development of
intraluminal casts as observed previously [5]. Pre-administration of
ZnO NPs minimized the pathological alterations induced by AlCl 3
exposure in kidney tissue.

Fig. 6: Photomicrographs of kidney tissue. Where A) represents control, B) aluminum chloride AlCl 3 ), C) zinc oxide nanoparticles (ZnO NPs)
and D) aluminum chloride (AlCl 3 )+zinc oxide nanoparticles (ZnO NPs)
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II-Kidney

Fig. 7: Examination of the expression of nuclear factor Kappa B (NF-kB) in liver I, and kidney tissue II, using immunohistochemical staining
following the administration of zinc oxide nanoparticles (ZnO NPs) and/or aluminum chloride (AlCl 3 ) for 6 w (magnification 400 ×). A)
control, B) aluminum chloride, C) zinc oxide nanoparticles and D) aluminum chloride+zinc Oxide nanoparticles
Effect of ZnO NPs and/or AlCl 3 treatment on NF-κB expression
The immuno-reactivity of NF-κB was estimated in the hepato-renal
tissue to follow the molecular mechanism of the anti-inflammatory effect
of ZnO NPs. Rats intoxicated with AlCl 3 showed overexpression of NF-κB,
as compared to the control group. On the contrary, expression of NF-κB
was down-regulated markedly in ZnO NPs and ZnO NPs+AlCl 3 -treated
rats, when compared against AlCl 3 -treated rats. These findings indicate
the anti-inflammatory activity of ZnO NPs used dose (fig. 7).
DISCUSSION

The liver plays a major role in the detoxification process; hepatocytes
were considered as a massive detoxification center protecting the body
from the deleterious effects [30]. Studies indicated that nanoparticles
have superior physicochemical, mechanical, thermal and biological
properties and also, better catalytic activities as compared to bulk
materials, therefore zinc nanoparticles were reported to have various
biological and pharmacological activities; such as antimicrobial,

antioxidant, anti-inflammatory, anti-tumor, hepato-renal protective
and immunomodulatory activity [11, 12, 31-36].

Data availability concerning the accumulation of ZnO NPs in rat liver and
kidney following AlCl 3 intoxication was limited. The present results
indicated that ZnO NPs decreased Al accumulation in hepato-renal tissue,
while increased Zn content in both tissues when assayed in ZnO
NPs+AlCl 3 -treated rats group. The accumulation of NPs in the liver and
kidney of mice after intravenous administration was documented [37].
Likely, an increase in the nano-zinc level in different tissues of mice was
also reported [38]. Authors showed that ZnO NPs may be absorbed into
circulation within 30 min, after i. p. injection, and remained in serum for
72 h and ZnO NPs were bio-distributed into the liver, spleen, and kidney
thereby, spreading to the heart, lung, and testes [38].
The hepato-renal tissues were considered as target organs for ZnO NPs
accumulation and toxicity in rats [39]. The observed increase in Zn
concentration in the hepato-renal tissue, in the present study, could be
attributed to their preferential passage through the lymphatic system,
17
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owing to permeability differences [40] and their high surface
reactivity, small size, and shape, which easily cross cell membranes to
interact with biomolecules leading to disruption of trace elements
homeostasis [41, 42]. Also, to the first-pass effects, as a previous study
[43] showed fast dissolution of zinc NPs in the stomach was found to
increase zinc level, in the systemic circulation of CdCl 2 -hepatorenal
injured mice treated with ZnO NPs and followed by zinc ions
redistribution from the liver to other organs. Another reason for Zn
accumulation was the induction of tissues metallothionein (cytosolic
cysteine-rich proteins, powerful scavenger of free radicals) [44] for
controlling metal homeostasis to maintain cell survival in response to
various stimuli [39], and also to the role of Zn in the synthesis, storage,
and secretion of insulin [45].

Liver enzymes and kidney functions (ALT, AST, Bil, urea, and
creatinine) in serum were considered as important serum parameters
for investigating animal health [46]. Biochemical analysis of liver and
kidney function parameters of AlCl 3 -treated rats indicated their
marked elevation, and these results were supported by
histopathological examination of the hepato-renal tissue of rats treated
with AlCl 3 , which indicated altered hepatic histo-architecture after 6 w
of treatment appearing as vacuolated hepatocytes and leukocytes
infiltration. Examined kidney sections showed swelling of epithelial
cells, edema of the inter-tubular spaces, focal hemorrhage,
inflammatory cell infiltration, and vacuolization. Observations of the
present study were following previous studies [47, 5]. These changes
were attributed to the altered hepatic cell membrane permeability,
increased MDA and NO levels, as reported also in the present study, as
AlCl 3 intoxication produces an excess of oxygen-free radicals and
alters physiological function which plays an important role in cellular
membrane damage through free radical chain reaction mechanism [47,
5]. Data from ZnO NPs+AlCl 3 -treated rats group, concerning liver and
kidney functions (AST, ALT, Bil, urea, and creatinine) and evaluation of
the antioxidant enzymes activity in rat hepatic and renal tissues,
indicated the potential ameliorative effect of ZnO NPs administration
(10 mg/kg body weight) with their particular size, on the hepato-renal
tissues of AlCl 3 -intoxicated rats, reflecting their role in protecting the
hepato-renal tissue function against Al-intoxication.

The decreased GSH content and antioxidant enzyme activities (SOD,
CAT, GPx and GR) found in the hepato-renal tissues of AlCl 3 -treated
rats agreed with previous studies [48, 5]. Meanwhile, the antioxidant
enzymes activities of SOD, CAT, GR, and GPx in liver of ZnO NPs-treated
rats group showed their tendency to elevate, suggesting that
administration of ZnO NPs alone may potentiate the antioxidant status
in rats either in the liver or kidney of ZnO NPs-treated group as ZnO
NPs may induce highly reactive oxygen species, which cause oxidative
damage to animal cells [49]. Histopathological examination of ZnO
NPs-treated rats supported the biochemical analysis, indicating
disruption of hepatic cords and vacuolization. Moreover, ZnO NPs toxic
effect of on liver enzymes was reported [50], as ALT and AST are
located primarily in the cytosol of hepatocytes [49]. These results
reveal that ZnO NPs may interrupt the functions of liver cells, due to
excess zinc inside cells leading to apoptosis [51] taking into
consideration using ZnO NPs with different morphological properties.
Zinc also was reported to maintain the activity of tumor suppressor
gene p53 thus regulating apoptosis activity, and helping inactivation of
the caspase-6 enzyme responsible for apoptosis [52].

The histopathological changes in the hepato-renal tissue of the ZnO
NPs+AlCl 3 -treated rats group, in the present work, were found to
decrease and this could be attributed to decreased lipid peroxidation,
enhanced antioxidant enzymes (CAT and SOD) and preserved GSH
content in both tissues. As zinc was reported to play a vital role in
cellular GSH regulation and cellular antioxidant defense [53],
controlling free radicals and oxidative stress for SOD activity which
was documented to have Zn2+ and Cu2+ in its active site thus playing a
crucial role in the defense against oxidative stress. The increased SOD
activity in the hepato-renal tissue of ZnO NPs+AlCl 3 of the present
work enhanced the break-down of superoxide into oxygen and
hydrogen peroxide thus conserving the superoxide radicals
concentration at low levels and this could be attributed to the
availability of ZnO NPs [54, 55, 43], thereby increasing the mRNA
expression of SOD, CAT, GPx, and GR leading to enhanced activity thus
ameliorating oxidative stress [56].
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Both SOD and CAT were considered as a defense against oxidative cell
injury, as CAT decomposes hydrogen peroxide to water and oxygen.
CAT and SOD activities in hepatic and renal tissues were mostly
recovered in the co-administered group, while GPx and GR activities
were partially ameliorated in both tissues. They were documented for
their role in sulfhydryl group’s protection against oxidation [57],
preservation of intracellular levels of reduced GSH and the reduced
production of LPO products [58]. GSH is considered as a substrate for
GST and GPx activities, therefore its shortage might cause a diminution
in their activities. GST constituted a family of phase II detoxification
enzymes specialized for detoxification of xenobiotics and in the
signaling cascades [59], while, GPx was involved in converting H 2 O 2
and organic hydro-peroxides to less reactive products [60]. A decrease
in the GST activity might result in xenobiotic accretion; whereas the
decrease in the GPx activity might accompany H 2 O 2 accumulation
leading to further inactivation in its activity. SOD, CAT, and GPx
constitute a supportive team of enzymes providing defense against
ROS [61].

After induction of oxidative stress, many released pro-inflammatory
cytokines and chemokines through the inflammatory process were
considered as a key event in hepatic stellate cells activation [62, 63], as
ROS play a critical role in the activation of cells as messengers in the
signal transduction pathways leading to gene expression [64]. Zinc
supplementation was reported to inhibit hepatic stellate cells activation
after ethanol and acetaldehyde administration, therefore acting as an
antioxidant and inhibiting several markers of hepatic stellate cells
activation [65]. Besides the role of Zinc in decreasing hepatic lipid
peroxidation [66], zinc was documented to reduce transforming growth
factor-β and to induce epithelial differentiation and fibroblast activation
thus protecting the liver against fibrosis [67]. Zinc is a potent inducer of
metallothioneins, plays a key role in cellular defense against metal
toxicity [68], and involved in phagocytosis, antigen presentation by
macrophages, and inflammatory responses [32].

Results of the present study, indicated that ZnO NPs treatment to AlCl 3
treated rats decreased IL-1β and TNF-α levels which could be
attributed to the anti-inflammatory activity of ZnO NPs that suppress
mRNA expression of both cytokines and also to the suppression of
inducible nitric synthase, cyclooxygenase-2 and interleukin-6 levels
[12]. Moreover, reports revealed decreased levels and activity of
myeloperoxidase (found in neutrophils; catalyzes the formation of
ROS) which affect cytokines production [69, 35]. Furthermore, ZnO
NPs were found to enhance T cells functionality, having an adjuvant
effect toward T helper-2 response, thus increasing production and
activation of cytokines [32]. Furthermore, ZnO NPs were found to act
as an immuno-modulator by increasing antigen-specific immune
reactions in mice, and enhancing antigen-specific antibodies
production in serum, especially; immunoglobulin E and G [32, 70].

The observed ameliorative effect of ZnO NPs on the histopathological
changes of the hepato-renal tissue, in ZnO NPs+Al treated rats group
could be attributed to decreased lipid peroxidation, enhanced
antioxidant enzymes activities (CAT and SOD) and preserved GSH
content in hepato-renal tissue. Zinc was found to ameliorate oxidative
stress and glutathione depletion and involved in all processes concerned
with cell protection through activation of DNA repair, thus preventing
apoptosis and cell proliferation [71]. ZnO NPs act as an effective adjuvant
treatment to chemotherapeutic drugs that may cause male reproductive
dysfunction [31] and as a hepatic cytoprotective agent against Aflatoxin
B1 exposure, when used in low doses, by improving the antioxidant
activity, and decreasing the free radicals level [72]. Studies also showed
suppressed MDA content by ZnO NPs treatment in a dose-dependent
manner, thus reducing oxidative stress [69, 35], therefore, protecting cell
membrane integrity against oxidative stress damage, and increasing
antioxidant enzyme levels [73].

The immunohistochemical analysis of the hepato-renal tissue from the
Al-treated group indicated overexpression of NF-kB, while sections from
the ZnO NPs+AlCl3-treated rats group showed decreased expression,
evidenced in the present study by decreased NO, Il-β and TNF-α levels of
the same group. Balanced cell survival and cell death were reported to be
created through Zinc channels via controlling free and intracellular zinc
movements [74]. Due to their unique properties, ZnO NPs being
bioavailable, biocompatible with high solubility and may localize in many
18
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tissues for cellular cycle regulation and cellular homeostasis
maintenance, as they were supposed to mimic biomolecules' activity
[75]. Moreover, ZnO NPs exposure suppressed NF-κB activity and
translocation of nuclear ion of NF-kB and p65 in LPS-induced RAW
macrophages, together with decreased transcription of cellular proteins
leading to inhibition of NF-κB, thereby suppressing IL-1β and TNF-α
production [76]. Furthermore, ZnO NPs may exert an immune-regulatory
role by blocking the caspase-1 enzyme in activated mast cells leading to
the release of different inflammatory mediators and NF-κB as well [36].
CONCLUSION

Zinc Oxide nanoparticles ameliorated AlCl 3 -induced hepato-renal
toxicity via increasing Zinc accumulation in the hepato-renal tissue and
decreasing aluminum disposition. Also, decreasing lipid peroxidation,
nitric oxide production, and pro-inflammatory cytokines level (IL-1β
and TNF-α), increasing antioxidant molecule and antioxidant enzymes
activity and decreasing nuclear factor-KB expression, markedly.
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