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Combination of resveratrol and fetal liver stem cell transplantation for treatment of liver cirrhosis in rats
Wang Yuxuan (Department of Hepatobiliary and Gastrointestinal Surgery, Tianjin 4™ Center Hospital, Tianjin 300140, China)

Abstract

BACKGROUND: Low-dose resveratrol can promote cell activation and show synergy with fetal liver stem cell transplantation for liver cirrhosis
in rats.

OBJECTIVE: To observe and investigate the effects of resveratrol and fetal liver stem cell transplantation on the rat with liver cirrhosis.
METHODS: Eighty-four Sprague-Dawley adult rats were intragastrically administered with carbon tetrachloride to induce liver cirrhosis, and
the animal model of liver cirrhosis was successfully made in 81 rats. After the successful modeling, 80 of the 81 model rats were randomly
divided into four groups (n=20/group): the rats in the control group were injected with 0.5 mL of low-dose Dulbecco’s modified Eagle’s medium
into the tail vein; the rats in the fetal liver stem cell group were injected with 0.5 mL of fetal liver stem cell suspensions into the tail vein; the rats
in the resveratrol group was intragastrically administered with 120 mg/kg resveratrol; and the rats in the combination group were given
injection of fetal liver stem cell suspension and administration of resveratrol. All treatments were given once daily for 7 consecutive days. After
3 weeks of treatment, the indocyanine green excretion test was used to determine the 15-minute retention rate of indocyanine green. The
biochemical indicators of the serum and liver tissues were detected by an automatic biochemical analyzer. Morphological changes of the liver
tissue were observed by hematoxylin-eosin staining. Transforming growth factor 1 gene and protein expression in the liver tissue was
detected by RT-PCR and western blot, respectively.

RESULTS AND CONCLUSION: (1) Compared with the control group, the levels of serum alanine aminotransferase, serum aspartate
aminotransferase, serum total bilirubin and malondialdehyde in the liver tissue were significantly reduced in the fetal liver stem cell group and
resveratrol group (P < 0.01), while serum albumin level, total protein level, albumin/globulin, and glutathione peroxidase level and cyclic
guanosine monophosphate level in the liver tissue were significantly increased in these two groups (P < 0.05). These aforementioned
biochemical indicators in the combination group were significantly improved as compared with the fetal liver stem cells group and resveratrol
group (P < 0.05). (2) Hepatocyte degeneration, necrosis and fibrosis were significantly reduced in the three treatment groups, especially in the
combination group. (3) Compared with the control group, the 15-minute retention rate of indocyanine green was significantly increased after
resveratrol intervention and fetal liver stem cell transplantation (P < 0.05), and further increased after combination treatment (P < 0.01). (4)
Compared with the control group, the expression of transforming growth factor 31 was significantly decreased in the resveratrol group and
fetal liver stem cell group (P < 0.05), and further decreased in the combination group (P < 0.01). To conclude, resveratrol treatment combined
with fetal liver stem cell transplantation can effectively improve the levels of blood biochemical markers and significantly reduce the degree of

liver cirrhosis and hepatic histopathological changes in the rats with liver cirrhosis. This may be related to the decreased expression of

transforming growth factor 31 gene and protein.

Subject headings: Liver Cirrhosis; Liver; Stem Cell Transplantation; Transforming Growth Factor betal; Tissue Engineering
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Figure 1 Morphology and labeling effect of fetal liver stem cells
(x200)
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%1 FHXRMGE LR (xts, n=5)
Table 1 Blood biochemical indicators in each group

Efzg X L (SE Il W =Y o 1 U R S P i
WRRESE  5.11+0.51 3.44+0.38° 3.18+0.36° 2.76+0.29"
HAHE(UIL)

RAZMRE ~ 5.10+0.52 3.45+0.37° 3.19+0.39° 2.75+0.28"
SRR

(UIL)

SYEEI 110.17+32.80 80.64+20.40° 80.02+16.80° 75.30+12.20°
(malL)

MEA(g/L) 38.68+45.47  48.12+4.71*° 51.3134.94°  59.56+5.32"
FEM(Q/L) 18.12+4.12  25.38+3.12°  28.58+3.30°  35.55+3.28"
Ski{=1] 2.39+0.55 3.08+0.89° 3.57+1.01° 4.10+1.13"
A

Feik: GRRYLLE:, *P <0.05, °P <0.01.

2.3 AR RAMIEAL A IEAR T2, SXTBALLR,
JE T 40 M 2 R (1 22 7 I 2K UL T KT 1 F
F#(P < 0.05), MilEAAIT 41Nt —P KPP < 0.01); 1
P18 I RG0S AL 5 e H kG Sk
Wl AR S KT AL 3 TH i (P < 0.05), BEAR
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Table 2 Biochemical indicators of the liver tissue in each group

Eize payiied: AR 4 G A ARy 4l
N 5.19+0.32 3.48+0.26% 3.19+0.34% 2.78+0.28"
(mol/mg)

B IKE A 2.7620.28 3.49+0.25% 3.18+0.33% 5.18+0.46"
1A (UIL)

IR 7T 2.37+0.45 3.1620.77% 3.57+0.16% 4.11+1.12°
(nmol/g)

FE: HAHALLE, *P<0.05, °P<0.01.
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2052

—HREK(P < 0.01),

7
il

5 - 1

FvE: B A S AL, HALZA bl Ak e o, I R i T Ak
HAZOEM S B, C W AETREALRRAT TN, Arampuse
P INIE ST AR S D ks D IRy T AL, L AR
ek .

B2 BERRIFARFTARBERLRELER(x40)

Figure 2 Hematoxylin-eosin staining of the rat liver tissue (x40)
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Figure 3 Survival and distribution of fetal liver stem cells labeled
by CM-Dil (x200)
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Figure 4 The 15-minute retention rate of indocyanine green in
each group
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Table 3 Relative expression levels of transforming growth factor
31 mRNA and protein in the liver tissues of rats

ikl HAREK T B1 mRNA HAWVEKFTF B1 EN
LR SE iEROES N

Xof HE 4 28.01+0.73 22.01+0.81

H AP 12.01+0.18° 15.03+0.16°

T 4n i 2 15.45+1.04% 19.48+1.02°

AR TT A 7.38+2.13" 9.27+2.10°

k. HxHR4LILLE:, P <0.05, °P <0.01.
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FLEKIH T B - o & -
GAPH gy - - T

B BT A S5 mRNA RIAK > B AREARILIKF

B 5 HEKXRAFARPEUEKET B1 BIFRIEKTE

Figure 5 Expression levels of transforming growth factor 31 in the
liver tissues of rats

3 iti® Discussion

FFREAY, TV 28 1A 7 B S A e e i — R OR T
M7 FROG S = RIS, 3 BOXE A @R HLw
T b R o WEAE P YT 7 T B B 2%
S, AT DU R S LA R AR L R I A R A i 1
CRARRT IR0 1) o AR AN T i B4 T L 234 A
ST A0 I, AR A T LA SO SN L 43 A Rl
0 L DR T R P RS £ R R R J Y, e TR L
K ICAMPR 2 5200, A0 MO ARL 5 (1) A7 175 26 R0 M B 7 2k 02
A HR I — KFREE R E., WIITEE [ T L
B SE AR BT 40 P B B P R AR R PO, g e
FFT-A AR R RIR 7 AR o T 506 A 22 P A R 1T 40
MU AR AT A, B0 I A R RVE T R

ot ds R BRI 4 R 3 2 5, TRHT+41 i
RS V67 4O RUH IR 21 2304 vT L 22 1 CM-Dilkric FE
PEAIHL, B VAT ALK BT IE AL 2R R BH A 10 4 i 250
BZTIRFTMA . Mm% e 22 R mBenT & s 6 140
AP AL 2 (50 AR ANAEST , BE T s HvA Y 7 2 R Py,
FEAE 3 5 M 40 B 20 B 10 B 7 T 21 0355 TR 2 TR A
Bl RADAREIEHEBEE. S AP0 R4 &
Beff, AEAAKEN. AEA. BEAKTEE R,
HIEA 1R AR BT R T4

AL R 40 B A T 0 4 F 48 A = 2B TR, 4l
H UL B B H I S AL B 1 R B AT 51k A4k

P.O. Box 10002, Shenyang 110180 www.CRTER.org

JRE s M AR P B 5 B30T 0 IS 23 o R L9 47 i
RIS SO P TEZN 0/ S S i KRG R S PS
PO TR S g RN, O RER IR T A1 MR A
FH MR BORN,  HLRAR TR R s, Sk T
TR 3 B PR ZH 2R U B s

I AL 25 ARG — P £ e (0 45 R 2o G ITET- 40 J 4L AN
FIAE PR OK BT A AR P IR P8 S T e R B R AT W)
I, AT AL I e, BE R T ERERY T I
AN SRR IR LR, BRI AR 4L S A R AL
W[ 2% 15 minifk 8% RIF LT e AR B0, B iaT
BRI A o B4R A 75 R B JUET BR S (VT e D B2 B B,
Mt S ot B 2, ORI RER T ) — A 2R
PN, ERERW, BAIRIT BB TS bR b
G T IR DI RE

WL R A A R 7 BATE IR IR R 2 17 R 7 L 7
BAFAE ST ELNAE T, JEREL HE AL £T AL T I S E
P IR0, BRI R, 3R ALK R IE 141
A AR KB 1B mRNARIE [ 3R 15 /K- By on) i 241
FEAR, TR AR YT A R R T A 4. kT A 2
FAREMUIG T 40 B A2 LR B iR 7 7T et PR e A A A
T BAMIIE K AT G2 I 2T AL 1) 1R o

WEFOHE VR AL ITE T 40 MRS AR ELIC A, 4R T
FORFREAL K BRI 8O . G5 RR ], 3 BRERIT T
LIS 5 88 e IR T 40 AT AL SN A7 35 Ao A, T BAW
IR ST AR B R 22 3K m] e BRI e A 7
KT RIRIEAT K.

fEZ Tt FRikit. FHbIE. REHAEE ZFH.

BEZIF: AXFEAAELTER L.

FlaEss: XFOEREHFY, ERAFR AL FHRE IR
FHEEF B R,

HIHGEEEER: S 2 REBARZ DM EBREER A4
A, M-S A SYXK(#)2014-0002, FHidA2 @5 T HIRELEF 4%
B (X T S54a A R 8 d ) FARKE K EN.,

BlE#ER: A ETEREFHAARER A (FRFRER
LRk B 5 B Sa b 5 K R GG FHLED.

XELE: LFHmaT e 2id+ bR 2|5 kM R 447 3K

b

%,
XEHFE. LEZ)RATINTERRGIT, RATFEBOAS LF
HogALfE S

EYPHHZEEF. L FGRITFF HORBERFEARFAYSL
HFEEREH,

KB T BRAT L O AR EF RRALE T it £
.

TR R X R — BT AR F, HB¥E (it THT W
WY “F LR LA AR 5 Xk F40” o, ESEIIAHE
T, RFHAVAIER LB AT RIARRE. AR E, R
B AAERT R P e, T, #N. AiE, 3780, k. BREIEZ
Lk, FAZEIZ LG, ARG AR L CIETEERR,

4 B#EHEK References
[ EhHE s MR PR R4 2 A B[] G PR AT HE P 4 &, 2016,
32(4):21-22.

2053



TR FIZEPT RGN T GBI A 7077 K B HEE).

JUBHIH TS, 2019, 23(13):2049-2054. DOI:10.3969/).issn.2095-4344.1644

(2

(3]

(4]

(5]

(6]

(7]

8l

19

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

2054

FHRRE G 2 76 1 B A PERE P A Ak v o7 kg [C. P rh g
e 222 e IS W o 5 B E S R AL i 25, 2015.
K2 IR 4 B0 S A VA T 1E R [I1. I PRI IE 22 3,
2015,31(3):465-468.

O'Grady JG. Liver transplantation. Jama. 2015; 43(11):
686-688.

Pangeni R, Sahni JK, Ali J, et al. Resveratrol: review on
therapeutic potential and recent advances in drug delivery.
Expert Opin Drug Deliv. 2014;11(8):1285-1298.

Faghihzadeh F, Hekmatdoost A, Adibi P. Resveratrol and liver:

A systematic review. J Res Med Sci. 2015;20(8):797-810.

DB T PR A5 R RE UM AR I W LR BT 58t 3]

[ A A 145 5,2014, 22(31):4769-4773.

Chan CC, Lee KC, Huang YH, et al. Regulation by resveratrol
of the cellular factors mediating liver damage and
regeneration after acute toxic liver injury. J Gastroenterol
Hepatol. 2014;29(3):603-613.

Tang Y, Gan X, Cheheltani R, et al. Targeted delivery of
vascular endothelial growth factor improves stem cell therapy
in a rat myocardial infarction model. Nanomedicine. 2014;
10(8):1711-1718.

Atashi F, Modarressi A, Pepper MS. The role of reactive
oxygen species in mesenchymal stem cell adipogenic and
osteogenic differentiation: a review. Stem Cells Dev. 2015;
24(10):1150-1163.

Jeong H, Yim HW, Cho YS, et al. Efficacy and safety of stem
cell therapies for patients with stroke: a systematic review and
single arm meta-analysis. Int J Stem Cells. 2014;7(2):63-69.
Bruin JE, Saber N, Braun N, et al. Treating diet-induced
diabetes and obesity with human embryonic stem cell-derived
pancreatic progenitor cells and antidiabetic drugs. Stem Cell
Reports. 2015;4(4):605-620.

Morigi M, De Coppi P. Cell therapy for kidney injury: different
options and mechanisms--mesenchymal and amniotic fluid
stem cells. Nephron Exp Nephrol. 2014;126(2):59.

Wi, 0 5 LT BT 40 A Ut R[] 58— s K2R3k,
2017,38(4):493-500.

Hardin H, Yu XM, Harrison AD, et al. Generation of Novel
Thyroid Cancer Stem-Like Cell Clones: Effects of Resveratrol
and Valproic Acid. Am J Pathol. 2016;186(6):1662-1673.

S AHE, RSO M 18] e 5T AN A S R A K R L AL
FRAAL[]. [ ZH 2L LRI, 2016,20(36):5364-5370.

Singh A, Ahmad |, Igbal Z, et al. Resveratrol nanoparticles
improve oral delivery and arrests the progression of
paracetamol-induced liver cirrhosis:stability assessment,
in-vitro and in-vivo studies. National Biotechnology
Conference.2015.

(18]

(19]

(20]

[21]

(22]

(23]

(24]

(25]

(26]

[27]

(28]

[29]

(30]

Habeeb MA, Vishwakarma SK, Bardia A, et al. Hepatic stem
cells: A viable approach for the treatment of liver cirrhosis.
World J Stem Cells. 2015;7(5):859-865.

Ulrich H. Stem Cell Reviews and Reports: Induced Pluripotent
Stem Cells, Embryonic Stem Cells and Development Section.
Stem Cell Rev. 2017;13(1):3.

Zhang H, Zhai Z, Wang Y, et al. Resveratrol ameliorates
ionizing irradiation-induced long-term hematopoietic stem cell
injury in mice. Free Radic Biol Med. 2013;54:40-50.

Rimmelé P, Lofek-Czubek S, Ghaffari S. Resveratrol
increases the bone marrow hematopoietic stem and
progenitor cell capacity. Am J Hematol. 2014;89(12):
E235-238.

AL, 25 0, 5 A RO DY SRR BT UK U RS 175
ik v s (R s e [3). v [ v s 2447 B A%, 2016, 23(9):65-69.

W 7, 7K 5 ) B SRR T DY SALBR T BSOR U 2T A 2 117 ik
el HS (1 MR D). 22 18 B 24,2017,21(4):635-639.

TG, TR PR, S5 VA 5 3 ok ik £ T AR DA
it 8% T BE 1 PR S HI [I]. 0% S AR R ML, 2015,15(4):
389-393.

Wt % BB, A TNF-a TGR-BATENHY T IAF L FEAL, - i
YR 40 53 [3). B 7 BERR R 2% %4k, 2018,38(4):
375-383.

El-Youssef M, Mu Y, Huang L, et al. Increased expression of
transforming growth factor-betal and thrombospondin-1 in
congenital hepatic fibrosis: possible role of the hepatic stellate
cell. J Pediatr Gastroenterol Nutr. 1999;28(4):386-392.

Tang LY, Heller M, Meng Z, et al. Transforming Growth
Factor-B (TGF-B) Directly Activates the JAK1-STAT3 Axis to
Induce Hepatic Fibrosis in Coordination with the SMAD
Pathway. J Biol Chem. 2017;292(10):4302-4312.

Ji H, Minuk GY, Peng Z, et al. Active immunization against
transforming growth factor betal prevents hepatic fibrosis in a
rat model of liver disease. Can J Physiol Pharmacol. 2017;
95(6):743-749.

Wang Y, Zhao L, Jiao FZ, et al. Histone deacetylase inhibitor
suberoylanilide hydroxamic acid alleviates liver fibrosis by
suppressing the transforming growth factor-31 signal pathway.
Hepatobiliary Pancreat Dis Int. 2018;17(5):423-429.

Liu F, Zhang J, Qian J, et al. Emodin alleviates CCl4-induced
liver fibrosis by suppressing epithelial-mesenchymal
transition and transforming growth factor-f1 in rats. Mol Med
Rep. 2018;18(3):3262-3270.

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH



