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Abstract: Gold nanoparticles (AuNPs) with average particle sizes of 13.3 nm were synthesized by y-
rays irradiation of 1.0 mM Au’" solutions using low molecular weight S-glucan extracted from yeast
cell wall as a stabilizer. The UV-Vis spectra and TEM images were used to analyze the optical
characteristic and particle size of AuNPs. The hepatoprotective activity of AuNPs was tested in
acetaminophen induced hepatotoxic mice with an average body weight of ~30 g/head by subcutaneous
injection with concentrations of 0.05-0.5 mg/head. The results show that both Alanine-
aminotransferase (ALT) and Aspartate-aminotransferase (AST) indexes in blood of tested mice
decreased by the increase of injected concentration. Inparticularly, the injection of above
concentration decreased ALT index from 49.3 to 78.9% and AST index from 67.4 to 85.5% compared
with those of the control without injection. In the APAP induced hepatotoxic group mice injected with
0,25 mg AuNPs, the ALT and AST indexes in blood of tested mice was respectively decreased in 78.9
and 85.0% compared to that in blood of mice induced hepatotoxic and injected with only distilled
water. The results show that AuNPs product synthetized by y-rays irradiation may potentially be
developed to apply as a hepatoprotective liver agent.
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I. INTRODUCTION

Nowadays, AuNPs have successfully attracted the attention and promised its effects and
benefits on biosensor, bioimaging, and biomedical applications such as disease therapeutics,
diagnostics, photothermal therapy, targeted delivery and cancer treament [1]. Some studies
have showed that AuNPs could absorb light and transfer it to thermal energy, so AuNPs
conjugating to cancer cells can be heated by laser pulses to be used as the treatment for
tumors [2]. AuNPs have been attached to EGFR antibody (Epidermal growth factor receptor)
help antibody add strongly to cancer cells (higher 600 times more than normal cells) and kill
cancer cells without affecting normal cells [3]. In addition, AuNPs can be used in some
methods to eliminate the tumour in a short time [4]. Moreover, AuNPs can be applied to
increase the production of hepatocytes when they are denatured in association with
cysteamine in culture medium liver cells [5].

Gamma ray irradiation is considered as an effective method due to several advantages
such as: (1) the reaction can be carried out at room temperature; (2) yield of AuNPs is high;
(3) AuNPs is purely prepared without contamination of excessive chemical reductant and
Au** ions residue; (4) the size of AuNPs is easily controlled by varying Au®" ions or seed
enlargement approach [6, 7]; (5) mass production can be carried out and (6) processing is
satisfied to requirement of clean production [8].

In the present study AuNPs/f-glucan prepared by gamma ray (Co-60) irradiation was
carried out and investigated its hepatoprotective activity in Swiss mice aiming to apply as a
special hepatoprotective material.

II. EXPERIMENTAL
I1.1. Materials and methods



Materials

Hydrogen tetrachloroaurate (III) trihydrate (HAuCls.3H20) was purchased from Merck,
Germany. Low molecular weight f-glucan extracted from yeast cell wall with Mw ~ 25 kDa
was prepared at Bio-material and Nano Technology Department, Biotechnology Center of Ho
Chi Minh City, Viet Nam. Acetaminophen (APAP) were purchased from Sigma Chemical
Co. (St. Louis, MO, USA).

Methods
Synthesis of AuNPs/f-glucan by gamma ray irradiation

The colloidal AuNPs with a concentration of 1.0 mM stabilized in 0.5% fS-glucan were
prepared as follow: the stock solution of 10 mM Au** was added to 2% p-glucan at an
appropriate ratio with distilled water, and then adjusted pH ~ 8 by NHisOH 2,5%.
Subsequently, the above solutions were irradiated at 6 kGy by a gamma Co-60 GC-5000
sources (BRIT, India) at Biotechnology Center of Ho Chi Minh City with a dose rate of 10
kGy/h.

Characterization of AuNPs/p-glucan

The optical characteristics and particle size of AuNPs were determined by UV-Vis
spectrometry method and Transmission Electron Microscope (TEM) images, respectively [7].
The UV-Vis spectra of 0,1 mM AuNPs samples measured by a UV-Vis spectrophotometer
model Genesys 10S UV-Vis (Thermo, USA). The AuNPs size and morphological
characteristics were identified by a JEM 1400, JEOL (Japan) and statistically calculated from
about 300 particles followed the method described by Aryal et al [9].

Determination of hepatoprotective effects of AuNPs in APAP induced hepatotoxic mice

Mice were supplied by Pasture Institute in Ho Chi Minh City and fed for 8 weeks and
their average body weight was about 30 g.

In total, 144 female mice were randomly designed into two groups of 72 mice each:
Normal group and APAP induced hepatotoxic group. Each group underwent eight
experiments consisting of 9 mice. Each mouse was tail vein injected with 0.2 mL AuNPs/f-
glucan solution containing from O (only irradiated S-glucan) to 0,5 mg/head. All animals were
injected three times after every 7 days. The control experiment received only water injection.
On 22" day, mice in the “APAP induced hepatotoxic group” were injected with APAP at a
dose of 500 mg/kg body weight followed by Morsy et al. [10]. The mice after intravenous
injection with APAP 24 h, 0.5 mL blood from the myocardium of tested mice was collected
and put into tubes containing heparin for analysis. The collected blood was then centrifuged at
4500xg for 10 min to separate the serum. The obtained serum was then used for analyzing the
serum’s clinical chemistry indexes including aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) by a Beckman Coulter Au480 analyzer (USA).

All experiments were carried out in triplicate and data were statistically analyzed using
the analysis of variance (ANOVA) test.

I1.2. Results

Synthesis and characterization off AuNPs/f-glucan
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Figure 1. UV-vis spectra (a), TEM image (b) and histogram of particle size distribution (b) of
AuNPs prepared by y-rays irradiation method

Effect of AuNPs/B-glucan on AST index in mice
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Figure 2. The reduction of AST index in the blood of APAP induced hepatotoxic and normal
mice (a) and net change AST index (b) by subcutaneous injection of AuNPs at various doses
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Figure 3. The reduction of ALT index in the blood of APAP induced hepatotoxic and normal
mice and net change ALT index by subcutaneous injection of AuNPs at various doses

IL.3. Results and Discussion
Synthesis and characterization off AuNPs/f-glucan

The UV-Vis spectrum of AuNPs solution in Figure 1a showed the maximum absorption
wavelength (Amax) at 521 nm and this peak is the characteristic of the surface plasmon
resonance band of AuNPs and preliminary confirmed the formation of gold nanoparticles
[7,11]. The TEM image and particles size distribution are shown in figures 1b and 1c. The
average diameter of AuNPs was determined to be about 13.3 nm with a fairly narrow
distribution.

Effects of AuNPs/f-glucan on AST index in mice

The hepatoprotective activity of AuNPs was tested in Swiss mice by subcutaneous
injection. The results in Figure 2 show that after injecting AuNPs/f-glucan with
concentrations of 0 - 0.5 mg/head, the AST index of mice in both normal and APAP induced
hepatotoxic groups of mice were decreased. Particularly, AST index in the APAP induced



hepatotoxic group was found from 326.1 to 47.4 U/L and from 152.1 to 46.3 U/L in normal
mice.

In the APAP induced hepatotoxic group (Figure 2a), the injection of 0.25 mg/head
AuNPs strongly reduced the AST index to 85.5% and 67.4% compared to those in the control
mice (injected with only water) and in the mice injected with irradiated S-glucan (without
AuNPs), respectively. These results indicated that AuNPs had strong effect on the decreasing
AST index in APAP induced hepatotoxic mice and the dose of 0.25 mg/head was the
optimum effective for reduction of AST in in mice.

On the other hand, the colloidal AuNPs/f-glucan product also showed an effect on
lowering the AST index in the blood of normal mice. The injection of AuNPs with doses of
0.25 - 0.5 mg/head reduced about 69% the AST index compared to that in the control mice
(Figure 2b).

Effects of AuNPs/f-glucan on ALT index in mice

Besides AST, ALT is also a large quantities enzyme founded in the liver and this
enzyme plays an important role in metabolism. ALT is usually increased in blood when liver
cells were damaged. In this study, there was a big difference on ALT index between normal
and APAP induced hepatotoxic mice.

The results in Figure 3a showed that in normal group, the ALT index was in range of
31.5 to 66.4 U/L and the lowest (31.5 U/L) of this value was found in blood injected with 0.25
mg/head only.

In the hepatotoxicity group, the results from Figure 3a show that the ALT index was
decreased by the increase of AuNPs concentration. In particularly, the ALT index in blood of
mice injected with 0 - 0.5 mg/head were found at 81.3 - 33.7 U/L, respectively. Compared to
the control, the injection of 0.25 mg/head was reduced to 78.9% of the AST value in blood of
tested mice (Figure 3b).

It can be seen from the results of this study that the tail vein injection with 0.25 mg/head
of AuNPs/f-glucan preparations by gamma Co-60 strongly reduced the AST and ALT index
in APAP induced hepatotoxic mice. Negahdary, et al. has also demonstrated that gold
nanoparticles with a particle size of about 10 nm also had the effect of reducing the CAT and
GPX index in Wistar mice [12].

CONCLUSION

AuNPs with particle sizes about 13.3 nm was successfully synthesized by y-irradiation
using f-glucan extracted from the yeast cell wall as the stabilizer. AuNPs/f-glucan displayed
a strongly reduction of ALT and AST indexes in APAP hepatotoxic mice after 21 days
injecting with 0.25 mg/head. The results show that AuNPs product synthetized by gamma-
irradiation may potentially be developed to apply as a hepatoprotective liver agent.
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HOAT TINH BAO VE GAN O CHUQT NHAT CUA CHE PHAM VANG
NANO/S-GLUCAN CHE TAO BANG PHUONG PHAP CHIEU XA
GAMMA Co-60

Tém tit: Vang nano (AuNPs) cé kich thudc hat khoang 13,3 nm duoc ché tao bing
phuong phép chiéu xa tia y dung dich 1,0 mM Au** st dung S-glucan ndm men c6 khdi
luong phén tir thap lam chat 6n dinh. Phuong phap do phd UV-Vis va chup anh TEM
duoc sir dung dé x4c dinh céc dic trung cua cac hat AuNPs. Hoat tinh bao vé gan cua ché
pham AuNPs dugc khdo sat trén chudt nhat da gay doc gan bang acetaminophen c6 trong
luong trung binh ~ 30 g/con véi lidu tiém dudi da 1a 0,05 dén 0,5 mg/con. Két qua phan
tich cho thay ca 2 chi s6 Alanine-aminotransferase (ALT) va Aspartate-aminotransferase
(AST) trong mau chudt déu c6 xu hudng giam khi tang lidu tiém cua AuNPs dan. Cy thé
1a véi liéu lugng ti€ém nhu trén dé lam giam tuong ng chi sO ALT tir 49,3 dén 78,9% va
AST tir 67,4 dén 85,5% so vé6i ddi chimg khong tiém AuNPs. O nhém chudt gay doc gan
bang APAP, khi tiém AuNPs voi liéu 0,25 mg/con, chi s AST va ALT trong mau da
giam tuong tng la 78,9 va 85,0% so voi chudt géy doc gan dbi ching chi tiém nude cét.
Két qua cua nghlen ctru nay cho thay ché phim AuNP ché tao bang phuong phap chiéu
Xa tia ¥ c6 tiém nang Gmg dung 1am chat bao vé gan.

Tir khoa: Acetaminophen, bdo vé gan, vang nano, chiéu xa gamma, p-glucan
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