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PROTECTIVE EFFECT AND MECHANISM OF
ANTHOCYANIDIN ON THE CADMIUM-INDUCED
HEPATOTOXICITY IN RATS

ABSTRACT

Cadmium (Cd) is a common environmental pollutant and it has
severe biotoxicity due to the long half biological period and slow
biological metabolism. Cd that circulates with blood is capable of
causing organ damages and inducing genetic mutation. Liver is reported
to be an easy target organ where Cd accumulates. The liver damage
induced by Cd is associated with its capability of overproduction of free
radicals and generation oxidative stress. Hence, antioxidants with high
efficiency and safety may exert liver detoxification against Cd injuries.
Anthocyanidins (Ay) is a kind of widespread natural plant pigments,
showing a super radical scavenging capacity. For most species,
blueberry is so far found to rich in Ay and serves as the priority source
for Ay. The present study aims to investigate the protective effect and
mechanism of Ay extracted from blueberry on the cadmium-induced
hepatotoxicity in mice.

In vitro experiments, the scavenge capability of Ay to hydroxyl
radical (¢*OH) and DPPH are studied via spectrophotometry and the
chelation ability of Cd*" against Ay are evaluated. In vivo experiments,
we developed a model to evaluate the counter effect of Cd-induced
damage and the protective effect of Ay on mice by measuring the weight
of body and liver as well as liver coefficient. Besides, the content of Cd
and Zn in liver cells are examined by atomic absorption
spectrophotometer. The antioxidant levels as well as the degree of cell
oxidation in liver were examined correspondingly; H&E dyeing and
paraffin sections were also utilized for histopathological analysis. To
quantitatively analysis Cd genotoxicity, the damaged DNA was further
measured via the methods of agarose gel -electrophoresis and
diphenylamine.



The present results showed that Ay extracted from blueberries has
an excellent radical scavenging capacity dependent upon its
experimental dose and the chelation between Cd and Ay which is in
accordance with the in vitro observation. The mice feed by Cd poorly
grow and their livers show obvious damage. It is observed that in the
mice fed by Ay and Cd, however, the accumulation of Cd in liver is
inhibited and liver cell functions are restored, contributing to mice
growth. Moreover, Ay can significantly improve the vitality of
superoxide dismutase (SOD) and catalase (CAT), leading to the
reduction of oxidative stress. The concentration of madondialdehyde
(MDA), protein carbonyl (PCO) and nitric oxide (NO) in liver is
lowered and therefore the fragmentation of DNA and apoptosis are
suppressed. In addition, histopathology shows that Ay can prevent liver
cell shrinkage, nucleoplasm outflows and inflammatory infiltration
induced by Cd. Ay shows a dose-dependent manner against the
Cd-induced liver damage in tests. In conclusion, the mechanisms of Ay
to protect cadmium-induced hepatotoxicity in mice may involve in 1)
the scavenging of free radicals and improvement of antioxidant abilities;
11) inhibition of NO release and other inflammatory cytokines; 1ii)
chelation of Cd*" to reduce cadmium accumulation in liver cells.

KEY WORDS Anthocyanidins, Cadmium, Liver injury, Free radicals,
Oxidative stress
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Tab 1-1 The six structures of common anthocyanidins
R, R,
Cyanidin - OH H
Delphinidin - OH OH
Peonidin - OCH; H
Petunidin - OCH; OH
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Fig 1-2 The structure of anthocyanidins from blueberries
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2.1
2.1.1
2-1
Tab 2-1 Names, specification and manufacturers of reagents in experiments
DPPH
BHT Wolsen
FCSO4'7H20
30%
2.1.2
2-2
Tab 2-2 The instruments in experiments
SHB-B 95
KQ2200DE
R201L
101-1
7230G
pH pH S-3C
MK3
R201L
BS2202S

18



2.2

2.2.1
- 2 kg
2-3
2-3 -
Tab 2-3 Method of ultrasound-associated ethanol extraction
on blueberry anthocyanidins
% min
1:20 1 60% 40 30
D101 35%
pH=1.0 0.025 mol/L pH=4.5
0.4 mol/L -
525nm 700 nm pH (991
A= (Asyg0 = Ao 1.0 = (Asssum = Aroonn) it (2-1)
% wiw =[A/ exL xMxDFxV]/m (2-2)
2-2
A—
e— -3-0- 26900 L-cm™'-mol”’
L— cm
M— -3- 449.2 g/mol
DF—
V— L
m— g
2.2.2 DPPH
DPPH 50 mL
0.025 mg/mL 4
Ve BHT 0.1 mL 0.2 mL DPPH
517 nm 3 DPPH

[100]

19



% =[1- & J}xloo (2-3)
2-3 A Aj DPPH 20 min
A; 20 min
2.2.3
Fenton H,0, Fe?* *OH
*OH 510 nm
1 mL 10 mmol/L FeSO4 1 mL
10 mmol/L - I mL 1 mL
8.8 mmol/L H,0, 37 30 min 510 nm
Ve
510 nm 1 mL 10 mmol/L FeSO; 1 mL
10 mmol/L - 1 mL 1 mL
3
[101,102]
% =[4,-(4,-4,)]/ 4,%100 (2-4)
2-4 Ao A
A H>O,
2.2.4 cd**
[103]
0.6 mL pH 5.0 HAc-NaAc 1 mL cd**
1.2 mL 1 mmol/L 1.2 mL 5 mmol/L Y
2 min 568 nm
3
% =(-4,/A4,)x100 (2-5)
2-5 4, Cd*” Ao

20



2.3

2.3.1 DPPH
90 + = ;
e 754
% J
%& 60 —a— Ay ‘
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Fig 2-1 The scavenging effect of three antioxidants to DPPHe

DPPH
DPPH 2-1
Vc BHT DPPH
Ve 0.04 mg/mL 93.9%
Ay 90.5% BHT 28.8%

2-6 2-7 2-8 Ve half maximal inhibitory
concentration, 1Csg 7.069 pg/mL Ay ICsp 13.901 pg/mL BHT
ICs9p  755.686 ug/mL Vc BHT

1/55
y =—0.76044 x exp(—x / 0.0235) +0.92089, R* = 0.99024 (2-6)
Ve
y =-0.87881x exp(—x/0.01046) +0.94708, R* = 0.98291 (2-7)
BHT
y =-0.46265xexp(—x/0.51976)+0.6081, R* = 0.90036 (2-8)
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2.3.2

Fig 2-2 Scavenging effect of the two antioxidants to hydroxyl radicals

100
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*OH ROS
DNA [25] 2-2 Ve
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Fig 2-3 Chelation between Ay extractions and Cd*"
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0.012~0.4 mg/mL
0.4 mg/mL

2.4
DPPH +OH
0.04 mg/mL

Vc
Cd2+

cd*

DPPH
DPPH
ICso
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3.1

3.1.1
3-1

Tab 3-1 Names, specification and manufacturers of reagents in experiments

0.9%

TCA

24



30%

N-(1- )-
TBA Alfa Aesar
Wolsen
BHT Wolsen
Wolsen
Wolsen
Biowest
K Sigma
40%
G-250 Wolsen
DTNB Alfa Aesar
DNPH Alfa Aesar
BSA
FeSO4 7H,0
ZnS0O4 7H,0
KAI(SOy4),-12H,0
EDTA
NaCl
SDS
Rnase A Sigma
Tris-Base Sigma
Triton X-100 Sigma
6>=<Loading Buffer
100bp DNA Ladder Maker
[104]
G-250
1 100 mg G-250 50 mL 95%

25



120 mL 85%

2 1L 30 min
Griess
1 Partl 0.1% N-(1- )-
2 Part2 5% 1% 4
Griess Partl Part2 I:1 wviv
12 h
TBA-TCA-BHT-HCI
1 0.375 g TBA 15 g TCA 0.02 g BHT 100 mL
2 HCI 0.25 mol/L
1 lg 15 mL
mL HAc
2 50 mL 35 mL
3 5 g KAI(SOy4),-12H,0 50 mL
4
5
4~6
50><TAE
1 Tris 242 ¢ Na,EDTA-2H,0 37.2 g
2 800 mL 57.1 mL
3 NaOH pH 8.3 1L
1 <TAE
TE
1 10 mmol/L  Tris-HCI I mmol/L  EDTA
2 pH 8.0
3 Rnase A 50 pg/mL Rnase A TE
1 10 mmol/L  Tris I mmol/L  EDTA

26



EDTA

3.1.2

2 Triton X-100
3 pH 7.5

1 10 mmol/L Tris
0.5% SDS HCI
2 K

pH

3-2

0.2%

100 mmol/L
8.0
0.1 mg/mL

NaCl 25 mmol/L

Tab 3-2 Instruments in experiments

pH pH S-3C
TDL-40B
78-1
SX-4-10
HH-2
7230G
752
Z-2000
TGL-16C
Allegra 64R
centrifuge
MK3
XSP-2CA
DYY-10C

HITACHI

Beckman Coulter

3.2

3.2.1

A
3.2.2

63 ()
SCXK( )2007-007 7

5
B C D E

20 g

27
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0.5 mL CdCl,
Ay 4 3-3
3-3
Tab 3-3 Model of Cd-induced liver damage on mice
[mg/kg/day]
Control
Cd CdCl,
A CdCl, 0.3
B CdCl, 1
C CdCl, 3
D CdCl, 10
E CdCl, 30
3-3 CdCl, 2 mg/kg/day
14 14 24 l1h
1% 1:10
-70
3.2.3
3.2.4
14 63 3-1
= (g/day) (3-1)
3-2
= x100% (3-2)
3.2.5 cd*
1 cd**
CdCl, 3 mol/L cd**  1g/L
50 10 5 1 0.5 0.1 0.01pg/L

28



4 cd**

Ccd**
2
7
5
4~5 & mL 3 mol/L
3 Ccd**
Ccd**
R?>0.99
Ccd**
3.2.6 Zn?*
1 Zn*'
ZnS0O47H,0 3 mol/L
10 5 1 0.5 0.1 pg/mL
Zn**
2
7
5
4~5 & mL 3 mol/L
4
3 Zn**
Zn**
R?*>0.98
Zn**
3.2.7
1 G-250
G-250
G-250
BSA I mg/mL
3-4
5 min 595 nm

29
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[104]

BSA

1 g/L

500

500



3-4 G-250

Tab 3-4 Standard curve of the Coomassie brilliant blue G-250 solution

ul
BSA 0 20 40 60 80 100 120
200 180 160 140 120 100 80
G-250 4800 4800 4800 4800 4800 4800 4800
2
20 uL 4800 nL G-250 180 pL
5min 595 nm
3.2.8
1 GSH
l mg GSH I mg/mL
[roa1— 3-5
3-5 GSH
Tab 3-5 Standard curve of the GSH solution
GSH pL 0 20 40 60 80 100 120
pL 200 180 160 140 120 100 80
0.1 mol/L 4300 4300 4300 4300 4300 4300 4300
DTNB 5,5-
500 500 500 500 500 500 500
-(2- )
5 min 412 nm
GSH
2 GSH
10% TCA 1:5 wiv
GSH 3000 g 15 min
0.1 mL 4.4 mL 0.1 mol/L
0.5mL DTNB 5min 412 nm
24 h GSH

30



3.2.9 SOD

[104] SOD
o SOD
H,0, O
50 mmol/L 10 mmol/L  HCL
0.07 OD/min 20 puL
3 mL pH 8.2 50 mmol/L 325 nm
30s 3 min SOD
3-3 3-4
SOD = U/mg (3-3)
Cpr
007 (4-4)
=W(U/mL) (3-4)
3-3 344
A+—3 min
Ay—0
Coi— mg/mL
3.2.10 CAT
(104] CAT CAT
H,O 0,
CAT
H,0, 240 nm
0.72~0.75
3-6
3-6 CAT

Tab 3-6 Method of measuring CAT activity by Ammonium Molybdate

mL

pH 7.4 2.2 1.8 2.0

31



25 3 min
H,0, — 0.2 0.2
3s 25 60 s
H,SO4 0.5 mol/L 1.0 1.0 1.0
1% 1.0 1.0 1.0
6% 1.0 1.0 1.0
4000 g 3 min 360 nm CAT
3-5
CAT %! -A )x1000 (Ule (3-5)
02xC,
3-5
A _
A _
Coi— mg/mL
3.2.11
1
Griess (o4l
NO;” N-(1- )-
550 nm NO;,” NO
1
mmol/L NaNO; 5 10 25 50 100 160
200 250 pmol/L
3-7 NO*
Tab 3-7 Standard curve of the NO* solution
NaNO, umol/L
mL
0 5 10 25 50 100 160 200 250
NaNO, 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Griess 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
10 min 550 nm
2
0.1 mL I mL Griess 10 min
550 nm

32



3.2.12 PCO

DNPH 2,4- [104]
DNPH
0.1 mL
0.5 mL DNPH 15 min 1 h
I mL30% TCA 4000 g 10 min
I mL ViV
I mL 6 mol/L 360 nm 3-6
PCO
PCO =Mxloé(nmollmg ) (3-6)
0.1xC,,
3-6
Apco—
e— 2.2%10* L-cm™-mol™
Cor— mg/mL
3.2.13 MDA
TBA [104] LPO MDA
TBA 532 nm
MDA
0.3 mL TCA-TBA-HCL 1.0 mL
10 min 30 min 5 mL
MDA 4000 g 10 min 532 nm
MDA ZMXIOG(nmol/mg ) (3-7)
0.3xC,
3-7
Ampa—
£ — 1.56><10> L-cm™'*mol™
Coi— mg/mL
3.2.14
1 [105]
a
5 mm><5 mm 18~24 h

33



b 30% 50% 70% 90% 100%

c I:1 wviv - 100%
d 1:1 wv:iv -
100%
e S um
f
2 H&E
I:1 wviv -
20 min
400>
3.2.15 DNA
1 DNA
[104] DNA 200 bp
DNA DNA
DNA
a 4000 g 0.1 mL 0.2 mL
12~18 h 50
b 25:24:1 v:iviv - -
c 11000 g 10 min 0.5 7.5 mol/L 2
d-70 1 h 12000¢g 15 min
e DNA 50 pg/mL RNase TE
f 1.8%
2 DNA
DNA [ro4)
DNA
DNA

34



a 0.1 mL 0.4 mL
b 13000 g><10 min DNA
c DNA DNA
4
d DNA 0.4 mL 10% 90
e 0.4 mL 4% 20 pL 1.6 mg/mL
595 nm
DNA
DNA = x100%
+4
3-8
A — DNA
A — DNA
3.2.16
L4 x:i:S >
analysis of variance, ANOVA) t-
3.3
3.3.1
3.3.2
3-1 5
3-1

35
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Fig 3-1 Growth states of rats in different testing groups
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