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Introduction: Melanin pigments are produced by melanocytes and are believed to act as
antioxidants based on the belief that melanin can suppress electronically stirred states and
scavenge the free radicals.

Materials and methods: The study was aimed to verify and prove the toxicity induced
by administration of gold nanoparticles (GNPs) and to characterize the role of melanin as an
antioxidant against inflammatory liver damage, oxidative stress, and lipid peroxidation induced
intraperitoneally by GNPs in vivo.

Results: The findings from this study confirmed that administration of GNPs intraperitoneally
caused liver damage in addition to producing oxidative stress and fatty acid peroxidation. The
treatment of rats with melanin along with GNPs induced dramatic changes in all the measured
biochemical parameters. Our data demonstrated that melanin completely inhibited inflammatory
liver damage, oxidative stress, and lipid peroxidation, which was confirmed by the histological
investigation of different liver sections stained by H&E.

Conclusion: These results suggest the beneficial use of melanin together with GNPs for
alleviating its toxicity. Other studies should be implemented taking into consideration the role
of melanin in comparison with other natural antioxidants.

Keywords: liver, gold nanoparticles, hepatotoxicity, oxidative stress, lipid peroxidation,
histological investigation

Introduction

Several studies have reported on the production of numerous inflammatory and
cytotoxic responses resulting from contact with smaller-sized gold nanoparticles
(GNPs) in comparison to contact with larger-sized GNPs with the same mass concentra-
tion due to their highly reactive role with biological constituents, and have stressed on
the harmful effects produced by a large number of nanoparticles.'® The toxic nature of
GNPs is related to its variations, surface functional affinity, appearance, and diameter.'
The intraperitoneal administration of GNPs induced inflammation, fatty acid change
and hypergenesis, hydropic deterioration, and death of most cells.!?

Exposure to GNPs has been known to cause cardiac tissue destruction, inflammation
of the airspaces in the lungs, connective tissue deposition, and chronic inflammatory
cell infiltration that solely depends on the amount and length of exposure.® These
changes could be as a result of the damage to the tissues, resulting from poisoning
by GNPs, which interfere with the antioxidant defense structure, thereby probably
giving rise to reactive oxygen species (ROS) formation, which may ultimately lead
to cell death.>*

Recently, herbal melanin has been extracted from various sources, and the immu-
noprotective role of melanin has been reported in plants and skin.”* Melanin can be
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found in different organs and tissues and in the blood of living
organisms, but its defining role is still unclear. Many diseases
are accompanied by an increase or decrease in melanin pro-
duction. Melanin plays a vital role in preventing, absorbing,
and shielding the cell’s DNA in the nucleus against injury
due to ultraviolet radiation (UV). Melanin shows various
attractive properties, such as being a nonoxidative agent as
well as its scavenging activities on free radicals.!!?

Chen et al," have reported that toxicity is generated by
nanoparticles due to the reduction in their size. Furthermore,
as there are many applications for nanoparticles, especially in
drug delivery and imaging, it becomes necessary to prevent
toxicity of GNPs when used in medical applications. When
GNPs are injected into mice, it enters hippocampus and
induces cognitive impairment, in addition to other different
complications. Pretreatment of tea melanin significantly
prevented the deposition of GNPs in mouse brains, especially
in the hippocampus.'?

The ability of melanin to act as a forager of free radicals
in vitro and in vivo is well established.* !¢ Previous studies on
melanin revealed that melanin combines with the substances
containing oxygen such as oxygen,'”'® hydroxyl radical,"”
and superoxide negatively charged ion.!*?° Melanin’s ability
to function as an antioxidant has been established from its
ability to prevent lipid peroxidation.?' >}

To make use of GNPs in drug delivery and cancer treat-
ment, knowledge about inhibiting toxicity is essential. Pre-
vention of toxicity stimulated by the injection of small-sized
GNPs has not been well confirmed and established in rat
liver. Thus, the current study aims to reinforce and prove the
toxicity induced by administration GNPs in rats in vivo and
also to investigate the role of melanin as an antioxidant against
hepatotoxicity, oxidative stress, and lipid peroxidation.

Materials and methods

Preparation of melanin
Melanin was prepared based on calibrated, standardized, and
established known techniques.” The purity of the prepared
melanin was almost about 99%.?*?> The botanical name
of the plant from which the black seeds were obtained is
“Nigella sativa.” N. sativa seed coats were dissolved in
NaOH at pH 12.5 for 3 h, giving rise to the formation of a
brown solution. The solution formed was dark, clear, and had
no suspension. Centrifugation was done to produce a stock
solution and filtered, followed by melanin extraction using
concentrated hydrochloric acid with a pH of 2.7

To obtain melanin with higher purity, alkali—acid treat-
ment was done 2—3 times. The precipitate was washed with
distilled water, filtered, and desiccated at a temperature of

80°C. The dried powder obtained was kept and later used
for the preparation of other solutions at pH 7 for biological
examination by dissolving the preferred volume of melanin
powder (in w/w ratio) in NaOH at pH 12.5 using concentrated
hydrochloric acid to correct the pH and to obtain the preferred
concentration. To avoid photochemical and photophysical
alterations, the herbal melanin was kept refrigerated at a
temperature of —20°C.>*

GNPs and dosing

Ten-nanometer GNPs with spherical morphology (products
MKN-Au-010; M K IMPEX Corp; Divh MK Nano,
Mississauga, Canada) were used. Doses of 50 uL of 10 nm
GNPs were administered intraperitoneally to the rats. The
size and morphology of different gold nanoparticles were
calculated from the images taken by the transmission electron
microscope. Ten-nanometer GNPs show spherical shape,
while the 50 nm GNPs presented hexagonal shape.'*

Animals

Eighteen (18) male Wistar Kyoto rats, aged 12 weeks, and
weighing between 220 and 240 gm were obtained from the
College of Pharmacy, King Saud University (KSU) Animal
care house. The rats were kept in cages under customary
environmental conditions (22°C+5°C temperature, 55%t5%
humidity, and 12 h light/dark cycle). The rats had normal sup-
ply of water and were fed with pelleted standard rat chew diet.
The KSU Animal Use Committee approved the animal experi-
ments, and all experiments were conducted in accordance with
the guidelines approved by KSU local animal care.

Experimental design

The acclimatization period for the animals was one week,
and then rats were fasted for 24 h before injection and were
divided into three sets of 6 animals each. The 1st group (G1)
was the normal healthy rats that received no GNPs and served
as the control group. The 2nd group (G2) were injected daily
with a dose of 50 L. GNPs intraperitoneally for 7 consecu-
tive days. The 3rd group (G3) were GNP-intoxicated rats
that were injected with melanin (100 mg/kg BW/d) for
7 successive days.

Blood sampling and tissue preparation

After the final dose, the rats were starved for 12—14 h, and
then euthanized; blood samples from each animal were col-
lected into disinfected tubes for serum separation. Serum
separation was done by using a centrifuge at 3,000 rpm for
10 min and preserved at a temperature of —80°C for various
biochemical assessments. Midline incision method was
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used to collect and harvest liver and kidney tissues, which
were then rinsed with icy isosmotic saline, homogenized,
and frozen at a temperature of —80°C for biochemical
tissue analysis (such as reduced glutathione [GSH] level
estimation).”

Serum liver function markers

To evaluate the liver inflammatory damage, serum liver
biomarkers such as y-glutamyl transferase (GGT), aspartate
aminotransferase (AST), total bilirubin (TBIL), alanine ami-
notransferase (ALT), total protein, and alkaline phosphatase
(ALP) were determined using kits from Salucea (Etten-Leur,
the Netherlands).

Oxidative stress biomarkers

Determination of GSH level

To verify the oxidative stress induced by intraperitoneal
administration of GNPs, GSH in liver tissues of rats was
determined enzymatically by the revised procedure.?

Determination of malondialdehyde (MDA)

To verify the lipid peroxidation induced by GNPs, the level
of malondialdehyde (MDA) in rat liver tissues was deter-
mined using a spectrophotometer as described by Utley and
Hochstein (1967).7

Histological investigation of liver tissues
Samples of liver tissues were collected and fixed in 4% form-
aldehyde for 24 h, dehydrated in ethyl alcohol, and cleared
in xylene. Then it was embedded in paraffin. Paraffin blocks
were cut using a microtone at 4 UM and then fixed on glass
slides for staining. Sections were stained with hematoxylin
to stain the nuclei and then stained with eosin to stain the
cytoplasm.

Statistical analysis

Data are presented as mean = SE. Analysis of data was per-
formed using one-way analysis of variance at a confidence
level of *p<<0.05 compared with the control group and
compared with the GNP group.

Results

Figure 1 shows a disturbance in the liver ALP activity
after the administration of GNPs. A significant elevation
(p<0.05) to 538.17£34.71 U/L in the GNPs group was
observed compared with 370.67+11.17 U/L in the control
group. Rats that were treated with melanin simultaneously
for up to 7 days showed significantly decreased activity of
liver ALP, to 375.22+11.17 U/L, almost near to that seen in
the control group.
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Figure | Effect of GNPs and melanin on ALP level in rats.

Note: *Related to GNPs within the control group; ®melanin related to GNPs and control;
#P<0.05.

Abbreviations: ALP, alkaline phosphatase; GNP, gold nanoparticle.

Figure 2 demonstrates the elevation of liver ALT activity,
which increased (p<<0.05) to 118+3.71 U/L in GNP rats as
compared to 97.70£5.88 U/L in control rats. The coadmin-
istration of melanin with GNPs significantly reduced this
elevation to 98.50£5.88 U/L.

Figure 3 shows a significant elevation in the liver enzyme
GGT in the GNP group (2.83%0.18 U/L) in comparison to
the control group (1.15+£0.30 U/L). Coadministration of
melanin with GNPs significantly reduced the GGT level to
1.7210.30 WwL.
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Figure 2 Effect of GNPs and melanin on ALT level in rats.

Note: *Related to GNPs within the control group; ®melanin related to GNPs and control;
*P<0.05.

Abbreviations: ALT, alanine aminotransferase; GNP, gold nanoparticle.
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Figure 3 Effect of GNPs and melanin on GGT level in rats.

Note: *Related to GNPs within the control group; "melanin related to GNPs and control;
*P<0.05.

Abbreviations: GGT, gamma-glutamyl transferase; GNP, gold nanoparticle.

Figure 4 illustrates a notable increase (p<<0.05) in the
serum level of serum protein in the GNP rats (7.330.33 g/dL)
compared to the control rats (5.95+0.25 g/dL). The coadmin-
istration of melanin with GNPs induced a significant decrease
in the serum protein level (6.08+0.25 g/dL) compared to the
GNP-administrated rats.

Figure 5 shows a significant reduction in the liver GSH
levels in the GNP group; it was 20+0.99 ng/mL compared
with the control group, 65+2.89 pug/mL. The coadministration
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mm Control group (n=6) @ GNPs group (n=6)
= (GNPs + melanin) group (n=6)

Figure 4 Effect of GNPs and melanin on total protein level in rats.
Abbreviation: GNP, gold nanoparticle.
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Figure 5 Effect of GNPs and melanin on liver GSH level in rats.

Note: *Related to GNPs within the control group; ®melanin related to GNPs and control;
*P<0.05.

Abbreviations: GNP, gold nanoparticle; GSH, reduced glutathione.

of melanin with GNPs induced a significant elevation
in the GSH level to 65.10£2.99 ug/mL compared to the
GNPs group.

Figure 6 shows an obvious significant elevation on MDA
activity in GNP rats (**p<<0.01) when compared to control
rats (0.3320.03 vs 0.1620.01 umol/mL). The coadministration
of melanin with GNPs induced a significant reduction in MDA
level to 0.15+0.01 umol/mL compared to the GNPs group.

Hepatoxicity was confirmed and verified through histo-
logical investigation of the liver tissues, stained with H&E.

Figure 7A shows a normal liver section. Each hepatic
lobule consists of a central vein lined with simple squamous
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Figure 6 Effect of GNPs and melanin on liver MDA level in rats.
Abbreviations: GNP, gold nanoparticle; MDA, malondialdehyde.
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Figure 7 Photomicrographs of liver sections stained by H&E, 400x.

Notes: (A) Control rat: showing the typical hepatic architecture of hepatocytes (h), hepatic sinusoids (hs) and Kupffer’s cells (arrows). (B) GNPs-treated rat: showing
swollen hepatocytes with vacuolated cytoplasm (arrows), and other hepatocytes with necrosis (stars). (C) GNPs + melanin-treated rat: showing normal hepatocytes (h),

hepatic sinusoids (hs), and Kupffer’s cells (arrows).
Abbreviation: GNP, gold nanoparticle.

epithelium, surrounded by polygonal hepatic cells, and
contains quite clear blood sinusoids in-between. The
cytoplasm of the hepatocytes appeared homogenous and
contained various uniformly distributed coarse basophilic
granules. The hepatocytes are usually uni-or binucleated.
Numerous spindle-shaped Kupffer’s cells arise between the
hepatocytes.

Figure 7B shows liver sections obtained from rats treated
with 100 uL of 10 nm GNPs for 7 days revealed different
histological lesions compared with the control group; these
lesions also showed signs of vacuolar degeneration and
necrosis. Necrosis refers to severe morphological changes
accompanying the cell death, and it indicates to the presence
of potentially irreversible cellular injuries. The necrotic cells
showed nuclear alterations including pyknosis, karyorrhexis,
and karyolysis.

Figure 7C shows the liver of rats treated with melanin
(200 mg/kg/d) along with 100 UL of 10 nm GNPs for 7 days
showed protection against hepatocyte vacuolar degeneration
and necrosis when compared to the GNP-treated rats, and

these cells appeared like those of normal liver cells.

Discussion
This study showed that GNPs caused damage to hepato-
cytes, as supported by the substantial elevation of serum
liver markers in injected rats compared with control rats.
Our finding was supported by previous studies,”! as these
results revealed that excessive zinc administration could lead
to liver damage. Coadministration of melanin to GNP-treated
rats significantly reduced the levels of all the serum liver
markers (p<<0.001) when compared with the injected rats.
This shows that the melanin could act as a defense against
the liver dysfunction triggered by GNPs’ hepatotoxicity.

Some studies have reported that the pathogenic mecha-
nism instigated by in vivo administration of metal oxide par-
ticles is dominated by oxidative stress, cell changes and death,
and DNA destruction.’>** Thus, a protective plan geared
toward the reduction of the generation of inflammatory pre-
cursors could ameliorate liver damage and prevent or improve
organ dysfunction. In our study, the ingestion of melanin
immediately along with GNPs was beneficial in preventing
the GNP-induced inflammatory liver injury.

Due to the recognized relationship between nanoparticles
and oxidative stress, fatty peroxidation can be mentioned as
one of'the probable reasons for DNA destruction triggered by

International Journal of Nanomedicine 2018:13

submit your manuscript | www.dovepress.com

5211

Dovepress


www.dovepress.com
www.dovepress.com
www.dovepress.com

Abdelhalim et al

Dove

GNPs.** ROS are known to combine with DNA molecules,
leading to the destruction of nitrogenous bases together with
DNA support.*?

MDA, the main producer of fatty acid peroxidation, is
a mutagenic and carcinogenic substance that can combine
with DNA to form chemical compounds with adenosine
nucleosides (deoxyguanosine and deoxyadenosine) and
deoxyribonucleosides (deoxycytidine).’>3® DNA damage
may trigger signal transduction pathways that may result in
programmed cell death.*’

Eumelanin, which is the essential form of melanin found
in humans, can protect against UV radiation, and owing to its
antioxidant ability, it reduces DNA damage by creating a cap
cover round the nucleus.’* Our data were consistent with
those published earlier that melanin acts as an antioxidant,
confirmed by its ability to stop fatty acid peroxidation.?>*
Together with reducing oxidative stress, melanin also reduces
the inflammatory reaction of hepatocytes by preventing the
creation of proinflammatory cytokines from permeating
monocytes, and possibly lymphocytes also.

Our data might suggest or support the ability to use
melanin to significantly reduce the inflammatory liver dam-
age caused by administration of GNPs, as observed by the
considerable alterations in the liver function markers as well
as liver tissues biomarkers observed in this study. Moreover,
new experiments should be performed to test the possibility
of using melanin as a protective agent against the nephro-
toxicity induced by GNPs.

Conclusion

This study underlines the hepatotoxic effects caused by
intraperitoneal administration of GNPs that was confirmed
by a significant rise in the levels of serum liver function
markers such as ALT, ALP, GGT, TBIL, and total protein;
this was in addition to the significant elevation in the MDA
level and the decrease in the oxidative stress biomarker GSH
level. The treatment with melanin successively alleviated
ALT, ALP, GGT, TBIL, total protein, and MDA, while it
elevated the GSH, which in turn efficiently ameliorated the
lipid peroxidation and inflammatory liver damage induced in
GNPs intoxicated rats. Our data demonstrated that melanin is
a highly potent antioxidant that can protect the hepatocytes
from damage produced by oxidative stress and other associ-
ated vascular complexities caused by GNP generation, due
to the creation of ROS.
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