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Effects of proanthocyanidins on the liver function and TfRZ,
hepcidin gene expression in iron overload rats

ZHANG Wenfang, YUN Shaojun, FENG Cuiping” , HE Xingshuai,

CHU Dongyang, GUO Limeng, WU Yanli
(College of Food Science and Engineering, Shanxi Agricultural University, Taigu 030801, China)

Abstract This study was to discuss the effect of proanthocyanidins on the liver function of iron overload rats according
to test the iron content,level of liver alanine aminotransferase (ALT) and aspartate aminotransferase (AST), the liver
pathological changes, transferrin receptor-2 ( TfR2) and hepcidin gene expression. Forty healthy male SD rats were
randomly divided into 4 groups:Control group, proanthocyanidins group,iron overload group and test group. The rat liver
were collected. ICP method was then used to measure the content of Fe supplemented with the identification of liver
Prussian blue stain to check whether the iron-overloading rat model was set up successfully. The levels of ALT and AST
were measured by related kits. HE staining was used to decide the liver pathological changes. TfR2 and hepcidin gene
expressions were examined by real-time PCR. Results comparison showed that the content of Fe and the level of ALT
and AST in the overload group increased significantly (P<C0.05). The liver tissue structure was disorder severely.
hepcidin gene expression decreased significantly (P<C0.05) and TfR2 gene expression did not change significantly
(P=>0.05).Compared with the control group.the content of Fe decreased significantly in the proanthocyanidins group
(P<C0.05) while the activity of ALT and AST did not change significantly. No obvious lesion was observed in the liver
tissue. The gene expression of TfR2 and hepcidin both decreased significantly (P<C0.05). Compared with the iron
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overload group,the level of ALT and AST in the test group decreased significantly (P<C0.05). The liver tissue disorder

was reduced. The content of Fe, TfR2 and hepcidin gene expression all decreased, but there were no significant

differences. In conclusion, proanthocyanidins could restrain the intake of iron. In the condition of the body’ s iron

overload, proanthocyanidins can improve liver function to a certain extent through inhibiting iron absorption.

Keywords iron overload; proanthocyanidins; ALT; AST; hepcidin; TiR2
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(a)NC group X 400; (b) PAs group X 400; (¢) Model group X
4003 (d) Test group X 400.

B2 FEHJFHENGHFTRRAERTROZ G
Fig. 2 Effect of proanthocyanidins on iron deposition of

liver in rats with iron overload
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Table 1 Influence of proanthocyanidins on the level of liver
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Fig. 3 Effect of proanthocyanidins on the liver pathological

changes of rats with iron overload

2.4 HERBRESTSEMNS% AT KR hepcidin,

TfR2 RIEEWF M

FE 4 ATH, SXF AL, JBET KA 5%
ffar 2l hepcidin FePH 35 & 3% TR (P<0.05);
Sgmfr A, NG Hm TR HEERANRFH
(P>0.05), SXFMAMLIL, 7T RH T/R2 3
i REREBE BP0, 05) B TR
HH R FRREZEF G2 L (P>0.05); 58
o AH L g L PR EF AR E (P>
0.05),



% 8 1 HRICTHTAE TR T B0 B T O AT IE DI RE S TSR2 \hepeidin H K 335 B 52 W 61
=
=
= .. L5p ¢ = 150 ¢
g5 1570 S o
= g # &5
B, RTINS =T —
2 %E * \§
=g D
E = 05 T 05 N
MIRAL  FUETRAL BkGual gedl = MIBAL  BUETRM BOA R
NC group  PAsgroup Model group  Test group & NC group  PAsgroup  Model group  Test group
ZH5) Group ZH5) Group
4 EBAKBEITHE hepcidin(a)fl TR (b)EEFRIEH M
Fig.4 Liver hepcidin (a) and TfR2 (b) gene expressions of rats in each group
3 B ALT K FHIEWH I R 2ER. W EET RN
P T

JHF W R AL A o 22 ) 75 20, S ) T ot
JHF I T 7 37 1) k5 BT IEAS BE A 2108 R X S8 B
Jo L B ) e 2 b, IS BOHL AR K A A O R
TR ok O R A SRR B L el LA S I K
Iy DA I e 240 B R 0 i B Aok AR AR SN . B AR
T2 75 RE 08 T8 A3 52 M Bk I WAL T el S Ak £ e 5 | A 1Y
& F AR AN [R] 1) B RO T TR A6 75 20 K £
LS GIE R A

D)3 56 4% 1 26 WA 5 5% B 20 A L L K B of 4 1
Fe & WM T &, AL R4l Fe & it i & HEFE
s S8 M AR LE I I0 4 Fe & A7 FEAR A 3,
BEFARE., SEELEROEREARA -, i
A 52 56 v gk 0 fr A RO 80 A S B By [ B AR 7 R
T S RE 6% 52 WA EKCET T R B WL, 5 A TR A = I 1Y
WFTEEs T — B o i 5 A kA g AL TRk
fop 28 AR I 2 ph it 58 R O R A R R AE T RO
it S5 493 04 F5 AR ) o B B R
RO G 2R 5 Z W5 19 2 A5 10 Oy ik s M A R, AR
T 60 A A 1) S Ak g A AR, D) O 6 2o R o R AR T
R4 T I T REN R DL G i A gk AR A N (10 dD
WEIEH TUSB —HEEZRAEE.

2)ALT AST JE MUK HE 1z A7 76 1 5 2 2
LR L A W FR R P DI RE MY A8 AR .
IEHR DL T o 20 i rp X 2 b e AR, Y I T B
A AT R E ALT,AST By3E M. Btk JiF I 32
05 0 AR B T DL 40 i ALT CAST 3 #4284k ok
FeoRt L AR A R R LBk B fer S R TR E
iGe 13 K BFE o ALT,AST K FEiEH T,
BTHEEH KOG, —F K P2 E R K

BR AT i BOKR U B8 05 B A DR 7R T 4 0 B T
S AR WA L F A5 0 T A AL R R — E i A
Mo fEIER KRS 8 FEAE S R 58U+ k&
et R ARG o L O oA 5 o 3 JUE 2 8 » AT 2 L o fe
JHF 200 i PR B S Ik 1T 4TS T 405 48 5 B A4 2k 7 £

3 I 25 27 WL A2 45 5 0 7R 55 % B2 AR 1L
AT 2R 2H K BRI 4 B LE 8 I 4k £ e 2 4 A A ik
55 o I 44 i BT 07 M AR 2 T O . A4 A 5 e 3 A
ff—M, 5k AL R VU Z A R g, R T
D40 6 4% 5 42 11 9 RE A IR 40t B0 K 1 ke
O T TR N AR G A A Al S E 2 7 N
Sharma % % 3824 B P9 26 (19 & 8 2 000 ~ 4 000
g/ g W, AT 2R A v, 5 4% 3ok 2 VR L JET 200 T A AL D)
RFE . A 36 b UE &k 2 & D (2107, 389 0 &
227.258 Dpg/g. HZ AT AR —F . 58k 5w A
FE a0 20 200 B 45 R e KL A A AR S R R T =5
HLAFFE o H 5 2K 67 o 2 L 25 3 0 B0 S K/ N
U/ Jey AT A 0 A SR A L SR U (A R L
RS I G 8 e R 2R MR T A O 1 B A
BERR AR AT 2% o 1 — 2B 0 WD K 47 e n] 5 SO 440 i B
F e 25K A8 Ak L T 45 T 348 dk 19 S AE 7 38 0T D) 4% il 4k
77 X0 T 240 i f 45 5

D hepeidin & —Fh i JFIE G BOFBA T 1% ST
WM 25 K283 e DL BB S Y v s
MR L hepeidin FEMR N 12235 T s B R 38 & &
BRI ERS W KMy, TrR2 EEAENFNE D&
K HA K 3 A M 2k K OF L X hepeidin 1R S
EEIRHHEEZMIEM . Fe, HBHEA (Fe,- TH Y
TfR2 454 J5 W 458 hepeidin W Fik . PR LRI
DS, Fe,- T TAR2 RNBESS & Fep- THLFEAR T



62 bR R R R

2017 4 55 22 &

I A 8 28 7K o DT A i 4k W S0 . AR 3K 56 B
RS X AL R AE T KA TSR2 \hepeidin FeH
F5 1 BEAR, 2 — 25 UL B R A 7 A T LR X
BRI, A TFR2 T, 3 hepeidin K335, A
177 3 2o T Vi 200 R Ak 1% % BBUE [ (5 A5 200 M 2k A HE L 4
FEMUIR I 745 . 10 4k 0 fF 4 hepeidin 335 4
FARF IEH A D R BE R B ™ g S BUF
JIES A5 o N B IE B 8 AR A DG S I BT 8, Ay
FH I 5% 2 B R A J5 199 JHE 552 I 200 i 42k £ fr B0 52
i hepeidin PR UG B BRI #8002
JF T Re b b i 3, kAT T/R2 ik 5 IEH
A IC At 2 S 3k g XS B A O T T A S i A T
REMIBFR 45 R — 3, HBETA M £ 208 2 A
R BO 2 —Fh R A A AR R A R A
G5 BRRIE RN o — FOR AR IR T L LR
HEEASGAENIER B M ERE P iEk
(DMT1) J B¢ F1 8k 1) ¥ 32 1k (ZIP14) 2 5 £k )
W, i TfR2 FERR B B AR P IR AR R EE AR
BRAGHL, L FZ RS 5B IR, T/R2 1
3" it (4 Il B R XA A 5 4K 08 5 R B (IRP)Y 25 & 11
Bk RV TCAE (IRE) o X6 240 L P 8 7K S 1 228 4k LT 1%
A RN I 2Z 40 0 T fg Bl B X — R AR
TfR2 FkIF LW B ARk . 5 8k 6 far 40 A L, i 50
Yl hepcidin, T fR2 Feik o i 1k 22 5 4 47 4% J2
JEAE T 2 R N R S BOFIE AT S 8kt R A
I AT BE R AL AT 8.t T AW ST R A6 7 2K FH
BN T ASREA S B S BRI s AR A D
T A TR & PR A S ML 75 S SR 56 F T

g L i . gk 6 far o] fF I IE b Fe ALT . AST
KOV S 2 T () B 5 O 235 4 25 L L 5 o T 440 it )
AE S DT TP R AR A DG I R R 4 . A —
TR B 1 S AR T R 2 400 o Ak 0 R 2 T — e AR
2% fif% R R A0 s 5 LS A S E B 405 . AEREE XS R T R
5T 28 A-475 T JH 2k 9 B G 1 FH k) ROS 11
LR BRAE R ek L A 4 A G HL L . H
TG H AU S, R A T i — 4R

B AR ENER REHRFTELIF
B,

S E3@kt References

(10 XVFE A AN [ 5 3 Doz 3l % ok BUHE B LB+ — 48 M B AR i )

S D] A ZE LI K%, 2005

Liu Y Q. Effects of different intensity swimming on iron
metabolism of gastrocnemius and duodenum in rats [ D],
Shijiazhuang: Hebei Normal University,2005 (in Chinese)

[2] LiuY T,LuS X,Zhang Y C,Wang X D,Kong F,Liu Y,Peng
L,Fu Y Q. Role of caveolae in high glucose and TGF-g1
induced fibronectin production in rat mesangial cells [ J].
International Jouwrnal of Clinical and Experimental Pathology .
2014,7(12) :8381-8390

[3] Papanikolaou G, Pantopoulos K. Iron metabolism and toxicity
[J]. Toxicology and Applied Pharmacology 2005 ,202(2)
199-211

[4] Fernandes J L. Iron chelation therapy in the management of
transfusion-related cardiac iron overload [ J]. Transfusion,
2012,52(10) :2256-2268

[5] Youssef D M,Mohammad F F,Fathy A A. Abodelbasset M A.
Assessment of hepatic and pancreatic iron overload in pediatric
beta-thalassemic major patients by T2* weighted gradient echo
magnetic resonance imaging [ J ]. International Standard
Technical Report Number Hematology ,2013(4) :1-5

(6] ZFov ALEATE, 32 BROR & L R WL A i i I TE 35 R Bt
APETFSELT 1. PH R K 2= % 4. B AR B4 L, 2009, 32(6) : 106-
110
Yang Q, Du X H, Ma Y, Chen R C, Tang Y M. Study on
antioxidantive activity of procyanidins from the leaves of
willow[ ] . Journal of Southwest University : Natural Science
Edition ,2009,32(6):106-110 (in Chinese)

[7] EW, DM WAL, B, TR IR SE (] 4%, Bt R A 4k 55 2R
PR i A T 200 BRI G A A 05 % i Ty e e A Y R A
(7. 54 AT %=, 2013, 21(16) : 1480-1486
Wang M,Ma Y P,Li Y W, Wei J,Zhang J] H,He T,Cheng S
M. Oligomeric proanthocyanidins from grape seeds protect
against alcohol-induced liver injury and cerebral disfunction in
rats[ J]. World Journal of Gastroenterology,2013,21(16):
1480-1486 (in Chinese)

(81 Z/INum, F A% b5, 01 A M, 20k, 450K 75, # 49 FF R IE 75 R X
CCly 1755 /N B A T340 1) DR 4 40 ) B AL 5 LT . o
[E 245 53 ,2016.27(13) :1752-1755
Li X L,Wang K Y.HuJ H.Li B,Cai Y Q. Study on protective
effect of grape seed proanthocyanidins against acute liver injury
induced by CCl; in mice and its mechanism [ J]. Chinese
pharmacy ,2016,27(13) :1752-1755 (in Chinese)

L9 A5, PR BE XU IR L o] 35 , 11 o B, 4% 54 WL 4 24 FF R AR 75
Z X NaF Bt /N U IE S8 07 09 55 B/ LT . 288 5 11
M EE22,2015,32(4) :311-314
Niu Q, Xie X Y, Liu X J, He F, Danzeng Z M, Li S G.
Antagonistic effect of grape seed proanthocyanidin extract on
male mice liver oxidative damage induced by excessive sodium
fluoride[ J]. Environmental and Occupational Medicine ,2015,
32 (4):311-314 (in Chinese)

(107 Z=diids 23R WL AR5 2R D0 S MBS, T E by, £ 8. X &



% 8 1

HRICTHTAE TR T B0 B T O AT IE DI RE S TSR2 \hepeidin H K 335 B 52 W 63

[11]

[12]

[13]

[14]

5 T B R IR AR O A B0 BRI 5 B AR AR
MrFFE[]]. B2 44K, 2016,30(1) : 14-17
LiCJ,LiSG,Niu Q,XuS Z,Feng G L,Ding Y S,Wang H X,
Liu Z X, Wang X H. Procyanidin protects against arsenic-
induced liver injury in mice[ ] ]. Journal of Toxicology 2016,
30 (1):14-17 (in Chinese)

Yun S J, Zhang T, Li M L.
inhibit

Chen B, Zhao G H.

Proanthocyanidins iron absorption from soybean
(Glycine max) seed ferritin in rats with iron deficiency anemia
[J]. Plant Foods for Human Nutrition,2011,66:212-217
Vijayavel K,Balasubramanian M P. Fluctuations of biochemical
constituents and marker enzymes as a consequence of
naphthalene toxicity in the edible estuarine crab Scylla serrata
[J]. Ecotoxicology and Environmental Safety,2006,63(1);
141-147

Lin L, Zeng X L, Zhang J. Effect of profenofos poisoning on
liver lipid peroxidation and liver function in rabbits[ J]. Chinese
Journal of Clinic Rehabilitation ,2004,8(21) :4380-4381
Zheng Y H, Pu F Y. Effect of mercury on transaminase
activities of tissues in Carassius parpio & Carassius auratus
[J7. Journal of Southwest Agricultural University,1997,19

(1) :41-45

[15]

[16]

[17]

[18]

Fleming R E. Iron and inflammation: Cross-talk between
pathways regulating hepcidin [ J ]. Journal of Molecular
Medicine ,2008,86(5) :491-494

Dtivaud L, Nemeth E.Boudjema K. Turlin B, Troadec M B.
Leroyer P, Ropert M, Jacquelinet S, Courselaud B, Ganz T,
Brissot P, Loreal O. Hepcidin levels in humans are correlated
with hepatic iron stores, hemoglobin levels, and hepatic
function[ J]. Blood ,2005,106(2) :746-748

RET. i B 2R X BRI R 106 5 5 5 0T A0 M S A 45 0 B kAR i
ARG A ek my 2 m (D], BB AR B K2, 2011

Deng Y. Effect of quercetin on the oxidative damage induced by
alcohol-iron and expression of iron-metabolism related genes
[D]. Wuhan: Huazhong University of Science and Technology,
2011 (in Chinese)

BT VW R A B R, A 3 L A A B0 R
A T B A 05 B T AL AR B Sk BF g 0k e (D). AR B
#4%,2012,28(4) :307-316

Dong A L,Hu Y L, Qi Y B, Nie G J. Progress on hepatic
oxidative damage medicated by iron homeostasis disregulation
and other detrimental factors and antioxidative protection
strategy[ J 1. Acta Biophysica Sinica »2012,28(4):307-316 (in
Chinese)

TR, F&



