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Radioprotective Effects of Post-Treatment with Hesperetin against y-Irradiation—
Induced Tissue Damage and Oxidative Stress in BALB/c Mice
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ABSTRACT Ionizing radiation induces cell damage through formation of reactive oxygen species. The present study
was designed to evaluate the protective effects of post-treatment with hesperetin against y-irradiation-induced cellular
damage and oxidative stress in BALB/c mice. Healthy female BALB/c mice were exposed to y-irradiation and administered
hesperetin (25 mg/kg and 50 mg/kg, b.w., orally) for 7 days after 6 Gy of y-irradiation. Exposure to y-irradiation
resulted in hematopoietic system damage manifested as decreases in spleen indexes and WBC count. In addition,
hepatocellular damage characterized by increased levels of aspartate aminoransferase (AST) and alanine aminotransferase
(ALT) in plasma. However, post-irradiation treatment with hesperetin provided significant protection against hema-
topoietic system damage and decreased AST and ALT levels in plasma. The results indicate that y-irradiation induced
increases in lipid peroxidation and xanthine oxidase (XO) as well as decreases in antioxidant enzymes (superoxide
dismutase, catalase, and glutathione peroxidase) and glutathione (GSH) in the liver. These effects were also attenuated
by post-treatment with hesperetin, which decreased lipid peroxidation and XO as well as increased antioxidant enzymes
and GSH. These results show that post-treatment with hesperetin offers protection against y-irradiation-induced tissue
damage and oxidative stress and can be developed as an effective radioprotector during radiotherapy.
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Fig. 1. Chemical structure of hesperetin and hesperidin.
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Dallas, TX, USA)E o]-&3te] ZA3k3lch oA A8 &
B 3,000<g2 20+ B¢t AAEY st S 85k
4°Col A Agstoct 74 & AST(aspartate aminotrans—
ferase)?} ALT(alanine aminotransferase)?] Z4-2
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Fig. 2. Effect of post-treatment with hesperetin (HT) and hesperidin (HDQ on the status of body weight (%) of control and experimental
animals. Values are expressed as mean+SD for six mice in each group. "P<0.05 and #P<0.01 represent significant differences compared
with normal group. P<0.05 and P<0.01 represent significant differences compared with 6 Gy irradiation group.
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Fig. 3. Effect of post-treatment with hesperetin (HT) and hesper-
idin (HD) on the status of spleen index of control and exper-
imental animals. Values are expressed as mean+SD for six mice
in each group. *P<0.01 represents a significant difference com-
pared with normal group. P<0.05 represents significant differ-
ences compared with 6 Gy irradiation.
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Table 1. Effect of post-treatment with hesperetin (HT) and hesperidin (HD) on the status of white blood cell, neutrophils, lymphocytes,

and monocytes of control and experimental animals

Groups WBC (K/uL) Neutrophil (K/puL) Lymphocyte (K/uL)  Monocyte (K/uL)
Normal group 4.51£1.03 1.54+0.99 2.64+0.96 0.28+0.10
50 mg/kg HT 3.46+1.67 0.55+0.26 2.58+1.50 0.26+0.13
6 Gy irradiation 0.33£0.11% 0.08+0.03" 0.20+0.70" 0.04-0.02
6 Gy irradiation+25 mg/kg HT 0.35+0.03 0.12+0.03 0.17+0.27 0.04+0.01
6 Gy irradiation+50 mg/kg HT 0.58+0.44 0.14+0.10 0.25+0.14 0.17+0.28
6 Gy irradiation+100 mg/kg HD 0.86+0.29" 0.29+0.10° 0.44+0.16" 0.06+0.04

Values are e)%)ressed as mean+SD for six mice in each group.
P<0.05 and

P<0.01 represent significant differences compared with normal group.

"P<0.05 represents significant differences compared with 6 Gy irradiation group.
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Fig. 4. Effect of post-treatment with hesperetin (HT) and hesper-
idin (HD) on the status of ALT and AST in plasma of control
and experimental animals. Values are expressed as mean+SD for
six mice in each group. *P<0.05 and *P<0.01 represent signifi-
cant differences compared with normal group. P<0.05 repre-
sents significant differences compared with 6 Gy irradiation

group.
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Fig. 5. Effect of post-treatment with hesperetin (HT) and hesper-
idin (HD) on the status of lipid peroxidation in the liver tissue
of control and experimental animals. Values are expressed as
mean+SD for six mice in each group. #p<0.01 represents a sig-
nificant difference compared with normal group. P<0.05 repre-
sents significant differences compared with 6 Gy irradiation

group.
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30 - H 6 Gy irradiation
6 Gy irradiation+25 mg/kg HT
# F4 6 Gy irradiation+50 mg/kg HT
25 6 Gy irradiation+100 mg/kg HD

XO Ulg protein
>
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Fig. 6. Effect of post-treatment with hesperetin (HT) and hesper-
idin (HD) on the status of xanthine oxidase (XO) in the liver
tissue of control and experimental animals. Values are expressed
as mean+SD for six mice in each group. *P<0.05 represents a
significant difference compared with normal group. P<0.05 rep-
resents a significant difference compared with 6 Gy irradiation
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Fig. 7. Effect of post-treatment with hesperetin (HT) and hesper-
idin (HD) on the status of reduced glutathione (GSH) in the liver
tissue of control and experimental animals. Values are expressed
as meanSD for six mice in each group. "P<0.01 represents
a significant difference compared with normal group. P<0.05
and P<0.01 represent significant differences compared with 6
Gy irradiation group.
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Fig. 8. Effect of post-treatment with hesperetin (HT) and hesper-
idin (HD) on the status of superoxide dismutase (SOD), catalase,
glutathione peroxidase (GPx) in the liver tissue of control and
experimental animals. Values are expressed as mean+SD for six
mice in each group. "P<0.05 and *P<0.01 represent significant
differences compared with normal group. P<0.05 represents
significant differences compared with 6 Gy irradiation group.

&2l SOD, catalase, GPx¢} &4k
SH7} 2k8bd 4o RE AXE BEE7] 9

=" 25, 50 mg/kgS Folg ¥ sl2HEd 100
mg/kgs T3 ol A vk ALl vlE) GSH7F 2
Hom F7FATHIKO0.05). kbl A 79 F Fvbd =
AR2] SOD, catalase, GPxi= A gt zwtol B8 f2% 2
= Akl b 24 5 2| 50 meg/kg Fol

o

7} gl 2=##™ 100 mg/kg Tl A= GPxRF apbad &
Apaol wlal el H o' F7hak R vh(/X0.05). rk AL
T e d 25 mg/kg FATAAE SOD, catalase,
GPx7} 7hmbd Ao H]3) fol A o= F7hEhs Rl
(7X0.05). wetA sllz=Alg o] WA At o

=
py -1
W kst 43 G40 AAE IRA S AT F

o

R A AR A as |
g2 =% 24

AR, e 05 R, g 2R, 7
A 2 F s R A AU e Folg el §E
& Azl 2484 FelB Fig. 9o JEIL Ak
Zwd) AN S BEoR Fold #o] 2RAE 2
S AR AU 24N BRAE FAEE A &
A8 gEgon], AYrel AAs WAl Frtete] B
AL £ etk bl 24L F 100 m/ke o2
ARG Tl 2 Pop 2AEun S5AEe $4
9] Zuile] Z7 vhehskow], AxA o] A WA o]
A7 ks, kAl 24 F 25, 50 mg/kg AR
Fol g ol A b AR 2L SR &
o] A7) ek ow Azl sk Waje] A 1
B} S5 Age] B

e
2
-
rr

BALB/c m}-§-2=el] 7tu}X AL & &l ~d @ e =)
s 79 st AT st b AR =
&3} kst ~Eg 2o did 35 anE HES)
AL 7Y F9] AT st A ek 24 &
3k o] ek ZAbtol wls] o H o
S BT v 2AF F Fl )
2 A5 vk Akl vlEl] f-o 4
of 2PHAA ] &bl s X s avrt U

A ZAF & Fl A E S 50 mg/kg F
LT} AST7}F Zhebd ARl H&) frejdo=
A Bkl el X7 a32 gk 72t

dladHe s Foldt o] AW aksl= vl
of vlal fojH o2 vHA| vEbES Ho] Wb 9
1& 3] 5A1 2 gebd oy, g 24 & Els
4 50 mg/kg ¥ = b AR H]
ojH o & ZFastginh. vk ZAL &l addHE S

.
[>
h;_l‘l

3 i

DAY
= »
g
X

a
é
=)
rm
o
I

o &

N
2 %
%
o
lo iz
=

g HHe gy
2 ol
T
_°|l',

o

> 32
+
o

[e)

B

ol
ol

BN

— R
=

o

A

S N @ 2 o o (TR
éo}‘i—ﬁ
oo M

)
Ho

N .
X
) [ 4
il ’-«%Mﬁ"f\f

sy

Py " " L .‘-

Fig. 9. Effect of post-treatment with hesperetin and
hesperidin on histopathology of the bone marrow cell
of mice exposed to y-irradiation (magnification: X< 200).
(A) normal group; (B) 50 mg/kg hesperetin; (C) 6 Gy
irradiation group; (D) 6 Gy irradiation+25 mg/kg hes-
peretin group; (E) 6 Gy irradiation+50 mg/kg hesper-
ol etin group; (F) 6 Gy irradiation+100 mg/kg hesperidin
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