
J Biomed Phys Eng 2019; 9(5)

www.jbpe.ir

Radioprotective Effect of Arbutin in 
Megavoltage Therapeutic X-irradiated 
Mice using Liver Enzymes Assessment

Nadi S.1 , Elahi M.2, Moradi S.3, Banaei A.2,4, Ataei Gh.5, 
Abedi-Firouzjah R.6*

1MSc, Department of 
Medical Physics Radio-
biology and Radiation 
Protection, School of 
Medicine, Babol Univer-
sity of Medical Sciences, 
Babol, Iran
2PhD, Medical Physics 
Department, Faculty of 
medical Sciences, Tar-
biat Modares University, 
Tehran, Iran
3MSc, Medical Physics 
Department, Faculty of 
medical Sciences, Tar-
biat Modares University, 
Tehran, Iran
4PhD, Department of 
Radiology, Faculty of 
paramedical Sciences, 
AJA University of Medical 
Sciences, Tehran, Iran
5MSc, Department of 
Radiology Technology, 
Faculty of Paramedical 
Sciences, Babol Univer-
sity of Medical Science, 
Babol, Iran 
6MSc, Department of Ra-
diation Sciences, Yasuj 
University of Medical 
Sciences, Yasuj, Iran

*Corresponding author: 
R. Abedi-Firouzjah
Department of Radiation 
Sciences, Yasuj Univer-
sity of Medical Sciences, 
Yasuj, Iran
E-mail: razzaghabedi@
gmail.com
Received: 12 June 2019
Accepted: 7 July 2019

Introduction

Ionizing radiation is used for medical diagnosing and treatment. 
However, this radiation has side effects, it has some benefits in med-
icine. Radiation therapy (RT) has been reported as one of the impor-

tant treatment options and approximately 50% of all patients undergoing 
RT due to long-term advantages [1, 2]. This kind of treatment has direct/
indirect toxic and carcinogenic effects on normal tissues [3, 4].

Non-pharmacological and pharmaceutical strategies are the two main 
methods for reducing the radiation damage. The non-pharmacological 
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ABSTRACT
Background: Medical use of ionizing radiation has direct/indirect undesirable ef-
fects on normal tissues. In this study, the radioprotective effect of arbutin in mega-
voltage therapeutic x-irradiated mice was investigated using serum alkaline phospha-
tase (ALP), alanine aminotransferase (ALT), and asparate amniotransferase (AST) 
activity measurements. 
Material and Methods: In this analytical and experimental lab study, sixty 
mice (12 identical groups) were irradiated with 6 MV x-ray beam (2 and 4 Gy in one 
fraction). Arbutin concentrations were chosen 50, 100, and 200 mg/kg and injected 
intraperitoneal 2 hours before irradiation. Samples of peripheral blood cells were col-
lected and serum was separated on the 1, 3, and 7 days post-x-radiation; in addition, 
the level of ALP, ALT, and AST were measured. Data were analyzed using one-way 
ANOVA, and Tukey HSD test. 
Results: X-radiation (2 and 4 Gy) increased the ALT and AST activity levels on 
the 1, 3, and 7 days post- irradiation, but the ALP level significantly increased on 
the 1 and 7 days and decreased on the third day compared to the control group (P< 
0.001). ALP, ALT and AST activity levels in “2 and 4 Gy x irradiation + distilled wa-
ter” groups were significantly higher than “2 and 4 Gy irradiation + 50, 100, and 200 
mg/kg arbutin” groups on the first and seventh day post-irradiation (P< 0.001). 
Conclusion: Arbutin is a strong radioprotector for reducing the radiation effect 
on the whole-body tissues by measuring ALP, ALT and AST enzyme activity levels. 
Furthermore, the concentration of 50 mg/kg arbutin showed higher radioprotective 
effect.
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methods included modification of the radio-
therapy technique and method of irradiation, 
like the volumetric irradiation, using beam 
shapers, and changing the number of radiation 
fields [1, 5]. Although the non-pharmacolog-
ical strategy can reduce the RT damage, the 
probability of secondary cancers incidence 
has been still remarkably high [6]. 

Pharmaceutical strategies, including radio-
protectors and radiosensitizers, as a modera-
tor of free radical damage in the targeted ra-
diotherapy are utilized for reducing toxicity 
in normal tissues [7]. Radioprotectors are di-
vided into two groups, including natural and 
chemical agents. 

Arbutin or hydroquinone glycoside, is a 
natural agent [8], that can be found in lots of 
plants belonging to the Ericaceae and Com-
positae groups [8, 9]. Peduncles, leaves, and 
bark of Pyrus plants contain certain values of 
arbutin [8]. Arbutin is a yellow powder solu-
ble in water and alcohols, and the molecular 
weight is 272.25 g/mol. The maximum and 
minimum absorbance spectra of arbutin are 
267 and 240 nm, respectively [10]. 

ALP is an endogenous protein and a factor 
that can predict the level of cancer metastasis; 
in addition, it is an easy test  yielding quick 
results [11]. ALP has four types, including 
placental, intestinal, germ cell, and liver/bone/
kidney ALP [12]. The prognostic role of ALP 
has been prospected in different types of can-
cers such as bony metastatic prostate cancer, 
bony metastatic breast cancer, and clear cell 
chondrosarcoma of the bone [11, 13, 14]. Mild 
to moderate elevation of the enzyme caused 
by free radicals from cell damage can be seen 
in all types of disorders [15-17]. The deviation 
and level of ALP have been utilized as an in-
dicator for determining the radiation damage 
[3, 12, 13].  

Other serum activities (aminotransferases), 
including ALT and AST can show liver disor-
ders and are reliable sensitive markers of liver 
diseases [18]. Their levels will increase into 
the bloodstream when an organ (liver, heart, 

etc.) is diseased or damaged. 
The effectiveness of a radioprotective agent 

in patients undergoing RT is an important chal-
lenge. In a study by Benkovic et al. [3], the 
effect of propolis and flavonoids as radiopro-
tectors was investigated in gamma-irradiated 
mice using ALP level assessment method. In 
another study, Ramadan et al. [18] evaluated 
the radioprotective effect of silymarin in gam-
ma-irradiated rats in different doses and days 
by ALP, ALT, and AST levels. 

The aim of this study was to investigate the 
radioprotective effect of arbutin in megavolt-
age therapeutic x-irradiated mice by measur-
ing liver enzymes, ALP, ALT, and AST ac-
tivities after 1, 3, and 7 days. In addition, the 
biocompatibility of the arbutin with the liver 
enzyme activity was evaluated at three differ-
ent concentrations.

Material and Methods

Animal
In this analytical and experimental lab study, 

sixty male NMRI mice (6 to 7 weeks old, 
25±5 gr) were obtained from Iran University 
of Medical Science (Tehran, Iran). Mice were 
maintained under controlled conditions, in-
cluding appropriate temperature (22 ± 1ºC), 
humidity, light regime (12 hr. light/12 hr. 
dark), and had free access to a commercial 
diet.

Chemical
Pure (98%) arbutin powder (Sigma, Ger-

many) was dissolved in distilled water with 
concentrations of 50, 100, and 200 mg/kg and 
injected into mice intraperitoneal 2 hours be-
fore irradiation.

Irradiation procedure
Mice were placed in a collective cages made 

of Plexiglas for whole-body exposure after at 
least two weeks of acclimatization and condi-
tioning. Mice were exposed by a 6-MV pho-
ton beam from an Elekta Compact accelerator 
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(Elekta AB, Stockholm, Sweden). The source-
to-skin distance was 100 cm with a field size 
of 20 x 20 cm2. All animals were irradiated 
with 2 and 4 Gy in one fraction delivered at a 
dose rate of 200 cGy/min.

Experimental design 
Different concentrations of arbutin were in-

jected to the mice. After two weeks, the ani-
mals were divided to twelve groups in sepa-
rate Plexiglas cage, five mice for each group. 
The groups were selected as following:

Group 1: “Sham irradiation + distilled wa-
ter (control)”, Group 2: “2 Gy x irradiation + 
distilled water”, Group 3: “4 Gy x irradiation 
+ distilled water”, Group 4: “Sham irradiation 
+ 50 mg/kg arbutin”, Group 5: “Sham irradia-
tion + 100 mg/ kg arbutin”, Group 6: “Sham 
irradiation + 200 mg/kg arbutin”, Group 7: “2 
Gy x irradiation + 50 mg/kg arbutin”, Group 
8: “2 Gy x irradiation + 100 mg/kg arbutin”, 
Group 9: “2Gy x irradiation + 200 mg/kg ar-
butin”, Group 10: “4 Gy x irradiation + 50 mg/
kg arbutin”, Group 11: “4 Gy x irradiation + 
100 mg/kg arbutin”, and Group 12: “4 Gy x 
irradiation + 200 mg/kg arbutin”.

Figure 1: The effectiveness of x-irradiation along with various concentrations of arbutin in ALP 
level on the 1, 3, and 7 days. 

Blood sampling 
Blood samples were collected from the mice 

exposed to irradiation and/or arbutin injection 
after 1, 3, and 7 days and serum samples were 
separated. The serum level of ALT (IU/L) was 
estimated according to Kind and King method 
[19], and serum ALT and AST (U.mL-1) lev-
els were calculated based on the method pro-
posed by Reitman and Frankel [20].

Statistical Analysis
All measurements were analyzed using 

SPSS 16 software (SPSS Inc., Chicago, Il-
linois, US). Multiple comparisons between 
groups were performed using one-way analy-
sis of variance (ANOVA), and Tukey’s test as 
the post hoc analysis. The level of statistical 
significance was set at P < 0.05.

Results
According to Figures 1, 2, and 3, ALP, ALT, 

and AST levels in the “Sham irradiation + 50, 
100, and 200 mg/kg arbutin” groups were not 
significantly disturbed in comparison with the 
control group during 1, 3, and 7 days post-ra-
diation (P>0.05). The ALP activity level in the 
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“2 and 4 Gy x irradiation + distilled water” was 
significantly higher on the 1 and 7 days, but it 
was significantly lower on the third day post-
irradiation compared to the control group and 
all arbutin concentrations groups (P<0.001). 
In addition, significantly higher ALT and AST 
activity levels were observed in “2 and 4 Gy x 
irradiation + distilled water” on the 1, 3, and 
7 days post- irradiation respect to the control 

group and all arbutin concentrations groups 
(P<0.001).

ALP level in the “2 and 4 Gy x irradiation 
+ distilled water” groups was significantly 
higher on the 1 and 7 days after irradiation in 
comparison with the “2 and 4 Gy irradiation + 
50 mg/kg arbutin”, “2 and 4 Gy irradiation + 
100 mg/kg arbutin”, and “2 and 4 Gy irradia-
tion + 200 mg/kg arbutin” groups, but it was 

Figure 2: The effectiveness of x-irradiation along with various concentrations of arbutin in ALT 
level on the 1, 3, and 7 days. 

Figure 3: The effectiveness of x-irradiation along with various concentrations of arbutin in AST 
level on the 1, 3, and 7 days. 

536



J Biomed Phys Eng 2019; 9(5)

www.jbpe.ir Arbutin Effect using Liver Enzymes

significantly lower on the third day post- irra-
diation (P < 0.001). After 1, 3, and 7 days post- 
irradiation, ALT and AST levels in “2 and 4 
Gy x irradiation + distilled water” groups were 
considerably higher than the “2 and 4 Gy irra-
diation + 50 mg/kg arbutin”, “2 and 4 Gy irra-
diation + 100 mg/kg arbutin”, and “2 and 4 Gy 
irradiation + 200 mg/kg arbutin” (P < 0.001).

Statistical analysis showed that ALP enzyme 
activity in the “2 Gy irradiation + 50 mg/kg 
arbutin” group was notably lower than the “2 
Gy irradiation + 100 mg/kg arbutin” and “2 
Gy irradiation + 200 mg/kg arbutin” groups on 
the first and seventh days post- irradiation (P < 
0.05), and this variation was considerable on 

the 1, 3, and 7 days for ALT and AST levels. 
There were not significant differences in the 
“2 Gy irradiation + 100 mg/kg arbutin” com-
pared to the “2Gy irradiation + 200 mg/kg ar-
butin” group for ALP, ALT, and AST activity 
levels (P > 0.05). Furthermore, no remarkable 
differences were found in ALP, ALT, and AST 
levels between the “4 Gy irradiation + 50 mg/
kg arbutin” and “4 Gy irradiation + 100 mg/
kg arbutin” groups (P > 0.05), but there was a 
significant difference in the “4Gy irradiation + 
200 mg/kg Arbutin” compared with the “4 Gy 
irradiation + 50 mg/kg Arbutin” and “4 Gy ir-
radiation + 100 mg/kg Arbutin” groups.

Figure 4 shows the results concerning ALP, 

Figure 4: Effects of x-irradiation and different concentrations of arbutin at ALP (A), ALT (B), and 
AST (C) levels with respect to the control group in different days. 
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ALT, and AST enzyme levels determined in 
blood serum of mice compared with the con-
trol group. This figure shows clearly the rela-
tionship of the enzymes on the first, third, and 
seventh days compared to the control group.

Discussion
RT is an important technique for treatment in 

various malignancies [2]. However, exposure 
to ionizing radiation during RT leads to unde-
sirable physiological and biochemical changes 
in humans and animals [3, 4]. The search for 
non-toxic selective and effective radioprotec-
tor compounds, that preferentially protect nor-
mal tissues, is one of the major challenges in 
radiation protection researches. In a previous 
study, Nadi et al. [8] showed the protective ef-
fect of arbutin in mice bones as a protector of 
the clastogenic and cytotoxic effects of ioniz-
ing radiation using micronuclei method. 

The current study aims to detect what extent 
of arbutin can improve the levels of ALP, ALT, 
and AST on the 1, 3, and 7 days after x-irradi-
ated mice blood serum.

In recent years, a number of serum markers, 
ALP, AST, and ALT, have been reported to 
have prognostic value in patients liver, brain, 
pancreas, heart, kidneys, lungs, etc. [18, 21]. 
The level of these enzymes will increase into 
the bloodstream after radiation or diseases [3, 
12, 13]. Serum AST level usually rises imme-
diately and reaches a higher level than ALT 
initially, after hepatocellular injury [21].

In the current study, x-irradiation (2 and 4 
Gy) induced an increase in serum ALP activity 
after 1 and 7 days and a decrease in the third 
day with respect to the control value (Figure 
4). Ramadan et al. [18] showed the same re-
sults with gamma-irradiation (3 Gy). Increas-
ing of ALP activity by radiation in blood se-
rum can be attributed to the possible release 
of this enzyme from various organs associated 
with the obstruction of the blood stream to the 
liver and the decreasing  of it may be due to 
the decrease in liver Mg2+ and Zn2+ [18].

In this study, the level of AST and ALT in-

creased after 1, 3, and 7 days post-exposure of 
2 and 4 Gy x-rays, which is in agreement with 
Ramadan et al. [18]. The increase in AST and 
ALT activities, which may be due to the in-
crease in the permeability of cell membranes, 
facilitates the passage of cytoplasmic enzymes 
outside the cells regarding the damage of cel-
lular membranes during radiation [22].

After different injections of arbutin, there 
were not observed any remarkable changes in 
the level of ALP, ALT, and AST with respect 
to the control group. Furthermore, we found 
that arbutin can store ALP, ALT, and AST ac-
tivity about normal range during megavoltage 
therapeutic x-irradiated mice. For evaluating 
the biocompatibility of arbutin with blood se-
rum, measurements were made after 1, 3, and 
7 days post- irradiation. 

The results showed, whole-body x-irradia-
tion (2 or 4 Gy) along with arbutin (all three 
concentrations) induced a significant decrease 
in ALT and ALS levels compared to the other 
irradiated groups through the time intervals 
and it could store ALP level in the normal 
range on the first, third, and seventh day post-
irradiation. Benkovic et al. [3] evaluated the 
propolis and flavonoids as a radioprotectors 
before gamma whole-body irradiated mice by 
measuring ALP activity. They indicated that 
these radioprtectors had protected mice from 
lethal effects and reduced primary DNA dam-
age in their white blood cells.  Ramadan et al. 
[18] investigated that the silymarin effect as 
a radioprotective in various doses of gamma-
irradiation (3 and 6 Gy) induced hepatotoxic-
ity. They reported that silymarin can diminish 
ALP, ALT, and AST due to its antioxidant ef-
fect and the ability to scavenge free radicals 
after irradiation. 

According to our previous study [8], arbutin 
has a considerable protective and ameliora-
tive effect against radiation and this protective 
action is related to its antioxidant properties. 
Therefore, it can sweep free radical, inhibit 
lipid peroxidation, stabilize plasma mem-
brane, and able to restore the changes of en-
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zyme activities such as ALP, ALT and AST.

Although the effects of three concentrations 
of arbutin were approximately similar, a minor 
difference was observed between them. The 
concentration of 50 mg/kg arbutin plus 2 Gy x 
radiation was the best concentration for drop-
ping ALP, ALT and AST level. It is noticeable 
that in the dose of 2 Gy, the differences be-
tween 100 and 200 mg/kg of arbutin were not 
significant, and also 50 and 100 mg/kg for 4 
Gy. Moreover, 200 mg/kg arbutin plus 4 Gy x 
radiation had no significant lower effect than 
50 and 100 mg/kg plus 4 Gy x radiation.    

As future research, it is suggested that oth-
er arbutin concentrations as a radioprotector 
along with x-radiation in different days should 
be carried out to find the precise optimized 
level of ALP, ALT, and AST.

Conclusion
In the current study, the radioprotective ef-

fect of arbutin was investigated in megavolt-
age therapeutic x-irradiated mice. Using ALP, 
ALT and AST measurements as an indicator 
of radiation effects, our findings demonstrat-
ed that arbutin is a strong radioprotector for 
reducing the radiation damage. This radio-
protective effect might be correlated with the 
antioxidant and free radical scavenger. There 
were not any significant differences between 
the various concentrations of arbutin (50, 100, 
and 200 mg/kg) for storing ALP, ALT and AST 
levels, however, the concentration of 50 mg/
kg showed higher radioprotective effects.
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