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Effect and mechanism of propolis on
liver regeneration in mice

GONG Shanwen, LI Zongze, XU Yao, MIAO Xiulian, XUAN Hongzhuan

(College of Agriculture and Biology, Liaocheng University, Liaocheng 252059, China)

Abstract To illustrate the effect of propolis on liver function indexes and hepatocyte proliferation during
liver regeneration. C57BL/6 mice were randomly divided into three groups: sham group. model group.,
and ethanol extracts of propolis (EEP) treatment group. Both sham and model group were given pure wa-
ter, while EEP group received propolis-tragacanth solution for 10 days. And then the liver regeneration
model was established by partial hepatectomy (PHx). After successful modeling by PHx, the mice were
sacrificed the 4th day and the liver was collected to measure the changes in size and the liver regeneration

rate of each group. HE staining were used to evaluate the histomorphologic changes; serum alanine amin-
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otransferase (ALT)and aspartate aminotransferase (AST) were measured to evaluate the changes in liver
function; immunohistochemical staining was used to measure the expression of proliferating cell nuclear
Ki67; quantitative real—time PCR were used to measure the expression of pro-inflammatory factors and
cell cycle related genes. The results showed that the liver-to-body weight ratio and liver regeneration rate
of mice in the EEP-treated group were significantly higher than those in the model group, while serum
ALT and AST activities were reduced to the levels observed in the sham-operated group. The level of Ki67
in the liver of the EEP-treated group was significantly higher than that of the model group and the sham-
operated group. EEP treatment significantly upregulated the gene transcription of pro-inflammatory fac-
tors I/-6 and Tnf-a and markedly promoted the expression levels of cell proliferation marker gene Pcna
and cell cycle-related genes Cdk1, Cdc25, Ccnd1l, and Ccnel. The study suggests that propolis can pro-
mote liver regeneration and the recovery of liver function by regulating the secretion of pro-inflammatory
factors and the expression of cell cycle-related proteins, making it a potential natural bee product for en-
hancing liver regeneration.
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W N2 v R 2 R A IR LA (R I A AR

W6 i B A T T L2 B M 1 B4« AR T AT D e ke P A P 1) TR A R L b i
(1265 245 75 2 22 L e B U o ok VB B A T i — Ty 20 P TR AR i 0 T 00, SR ANAE 5 JHEIE DD )5 B P 1
FRE SFEN . BE T AROFIE 40 T W M- B R s VR AR H i TROK S ST /N BT 43 JHE 10 I AR I A AR A
H RS EE R R IR B RS Fuige oot /N BUHRRA 52 0], Ay 14— 25 W S 408 3 05 e Jie £ ik 4H 2R )
52 LA TR LA S B B A

1 RS ik

L1 #F

10~11 JEE S MEPE R C57BL/6 /NEL, R H 18~20 g, W T35 g B S2 36 sh M B F A BR A 1), 5
VFATIE S : SCXK (48 20190003 , Al 3% T B 20~24 °C AHXHBEE 40%6~70% .12 h JElf/12 h BREHE A
Birp, ARSCES 2 WO SEE S e RS D25 v A (LSR5 : AP2024101001) ,

B (ALD) AR AR (ASD G & W B AU 23 £ RHA PR Al s RNA 48 5050 & 3 4
I CarryHelix A FR 2\ 7@ ; Prime Script TM RT Master Mix ¥ # 5# iR 7 & f1 TB Green © Premix Ex
TaqTM I1 I & W B TaKaRa A 6] A5 106 8T A TAHRA R, Kie7 Hiik L=/ Zhik B 2%
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TR [ 2R I R AL g S CP22082601, S256 v IT FH 21 A 168 e & T il it e e . e e v 282
HIAL A W) T B BRSS9 Ji A 5T T — il 0 X3 ] — WAe 6 2 1 e e, $R B T 25 &5 4R
BB, P B BB, 9B A D ¥ VR TR A 3 (] She Y5 [] — i BT 2R e Je ) — Bk
.2 Jiik
1.2.1 EFEn ik, Z2RER GB/T 20574-2006 I & 1 e B BCY) b MO R & &, (D 2 THr
ER LRI 2 RS BB T AR S TR 0.40.80,120,160,200,240 pl. T B.08 o, 43 B 600,560,
520.,480.440,400.,360 pl. Jo/K LBE, BS » FEREA B LA T ARUUIMA 40 pl ASFRES (100 g/ L) # .40 pl
BERRAN (9. 8 g/IDVEW 1. 32 mL /K IBAIFHE 1 ho7E 415 nm PRACIEWIGME ., VIR T B (mg) MR AL
B s WO AR IR 22 L 26 M TAETEFE 0~0. 048 mg, (2) WK B2 UL 5 AE « e b v it
LRI E T 1% W00 A o W Y B T 0 e £ A BB ARE it v %) S BT 5 o BT B i R O mg T
X RE/g.

1.2.2 BB E sk, RH Folin-Ciocalteu VAN B B & P I BB IR & . (1) W& TR bR Ih 42
WA AE B T ERPRE A (1 mg/mL) P ATE/K £, B M B2 100.80.60,40,20,10,0 pg/mL, %
WEE 125 ul FEOE RN 125 pl Folin-Ciocalteu 351l , 125 ul #&FEREH (1 mol /L)W, 375 ul. 7K,
AT EDEHE 1 hJ5.8 000 r/min B0 5 min, BUETHTE 760 nm P AN E W GE., DI E FIR &
(mg) MREARKR , A AL BR bR 2k Pk TAEVER 0~0. 012 5 mg. (2) B 2 FEFE U RE il
SE « FEAR I 2 PRI 5 5 W0 e ot O B A e s 2 e IO AR ot v ) S B R 5 B AR TR B B R
i mg WEFIR Y GAE/g.

1.2.3 SRRERARE, I OFERBWRH 5 95% CBEHEBUE I, 20 8 A e T i BB IS E 40
C NI R R AR 4 °C AEAE . (R B IGE S R T I0OK SBE A 0. 5% 1 B I W . L
7.5 mg/mL IR . BT 4 CUKFEREH .

1.2.4 oAb 8ReME, BRI TR, HRAEEERS S5/ 7. 5 mg/mL ERER.7 d )5
HATIFUIFAR . P45 5 s 1) MG B v 1 4 24 7 SXRTA T /NBROR S5 3 F A A e RS 7 A . 1 5
SR /INEBEALAY 3 4 B2 6 H AR TR ZH (Sham 4D 1E 3 AR FIRK I8 FRLT 2 cm 19405 10 )5 7 %) 33F
886 . BBIZH (Model 41 1 K&, AR TRIEIRARINE 0. 5 %0 S B BAW 10 ds A HEUE AR TROK i
7 2/3 RFME VIR S AP AR R, e Ab A (EEP 41) [ i U, AN EEAEROK M e i3 9 10 d B S T
FRAERIRL . Model 4181 EEP 215 KFREE , THEA /N RER AR 5. P AR RS 7R0 f y t «  FH S SR 0
T A MRS 45/ N BRI 2 78 F i A R B . SEATRE AR E v bl O (i 2 R Bl % 3 R T K &y
2 em, FIFFIEIE T B W /NP 2 B IR SR 1-0 AR 22 X 22 AN i I A5 647 4R AR 25 4L, IR VIR
ZEAMUE R 58 SRR S FLANVIBRJE KA TG H I, ] 0 S ARG MGERAE S G 0 . RJ5 /DRI EE
Je 1E R HEAK . W R A T A A S ] R e T AR B R /N BRAE AR 0L

1.2.5 MZoFEFhaede47, WTARE 4 GIIEBRCSRE MR, ¥R 5 1 h,4 CKEERE 3 ho AR5
4 °C .4 000 r/min B0 15 min, W B F 35 BI A il 37 W R 0. e BR300 &5 Ul B 45 00 2 13 A ALT Al
AST I 1.

1.2.6 HHAFAELEE, S Zupa A N RAXIHRIF AR s (V) =100X[C—(A—B)J/A, H
A R PHx /NRIE Y2 i, B 52 PHx Ja /N RUDIBR (19 4L 25, C Ry AH R (8] 2 1
A A B SRR .

L2.7 HAZLWEFEEN, EEWIFHSHME QR —FRBK 28, 34 5 HU5 U R, B 44
FH T H 2R A B B BB RS K AR IR AN 2T Yo e €, 2 R BB L BB B K L — R B | &t
BT R TSI,

1.2.8 AR fmagesian, AR H 105 I0FmE=\EA 1 h, 285 T Ki67 (Abcam, 1 :
200 PRI T . i P E . B A, Yo )5 F Olympus IX-73 B8 W IEFA MR, Image-Pro Plus 6. 0 i#
FTRE AT .
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1.2.9 RNA Bk 5002 & PCR 547, WAL A 515K, B Trizol 14 B 0 i S 4L A 15
WIS IBUIF 221 b 8 RNA JFE AR T —80 C, 3 i 39 % S50 G % i RNA BEAT 3% 5% i TB Green ©
Premix Ex Taq™ T35 &0 JE KU S AT SC B9 g i PCR. SRAT 27 2 YL -7 800 5317, FH Bactin
YERN S IR A —( B RE . 51075 0% 1.
&1 qRT-PCR 3|15
Tab. 1 Primer sequences for qRT-PCR

HREAR 515131
Cdk1 F: ACTCCAGGCTGTATCTCAT R: CACTOGTATCGGTATTCCAA
Cdc25 F: TGACGTCTATAGCCCCACC R: TAAGCGGAGAGGCAGACATC
Pcna F: TGCTCTGAGGTACCTGAACT R: TGCTTCCTCATCTTCAATCT

Cend 1 F: GTTCATTTCCAACCCACCCTC R: AGAAAGTGCGTTGTGCGGTAG
Cenel F: ACAGCAGGTCTTCGTGCAGATC R: CTGAAGCAGCCACATCCAG

Cena?2 F: TTGCTCCTCTTAAGGACCTTCC R: ATTTAACCTCCATTTCCCTAAGGT
11-6 F: TAGTCCTTCCTACCCCAATTTCC R: TTGGTCCTTAGCCACTCCTTG
Tnf-a F: CCCTCACACTCAGATCATCTTCT R: GCTACGACGTGGGCTACAG

[ractin F: CACTGCCGCATCCTCTTCCTCCC R: CAATAGTGATGACCTGGCCGT

L3 il ik

JIT AT SRR A 2B D AT R R R AR P 2 ()58 5 GraphPad Prism 8. 0 8P SEAT 8 70 #r » 2 41
B8] >R FH PR ER 7 22 43T (One-way ANOVA) , ZH 20 [8) P P b 3838 i Duncan 358G 565 . 481150 BT B9 45 5% LLF
PIEEBRiETR 22 (SEMD 327 . p<<0. 05 Fern AN ] ab 3 ] I 25 HL 25 ke

2 HHS A
2.1 W v O I R R Y
St 206 I e 2 BB AR GB/T 20574-2006 il Folin-Ciocalteu 3 » 435I 52 7 & ¥ R 1 i piy iR &5
SRR 2,
*2 BERZERIYHEERMEABBRNIE

Tab. 2 Contents of total flavonoids and total phenolic acids in ethanol extract of propolis (rn=3)

AR R 2 o
HE mg RE/g 207. 054-10. 06
[ mg GAE/g 264. 21425, 98

2.2 WRIRGEEABUFDIBR G P2k

W Jie (b BRI, 2% 2H /N B IR s A Tt o SR T R AT PR/ OB B VA T - 1 /N BV A TRAR 17 1
A HAMEZE S P45 HUNR BB R 1. 7141, 25 mL/d, Z 5 46457 3. 7140. 68 mL/d, X 5 1EH
INEVEER KA K B A2 . PHx ARG 1 d. 35945 /s BUOR 34 e VAR i B BTG 22 0. 64 0. 34 mL/
d. ARG 2 d BHIPKE IEH .

W3R, PHx FARJG 2~4 d MFFA RS, T PHx FARIG 4 d TR ERE H AR R, 2
4R, EEP 4 /9 P FAK 8 b M IR R 25 T Model 2H (p<<0. 05) . Ki67 J&—F %8 1, 25 8 “ 40 i
BALIR Ki67”, Ki67 8 A 23R K -5 4 A 0 3 FE RS 25 DI AR OG , 24 40 i A 1 384 5 B B I, K67 163K
XM, THC Yoo g5 5L 5o , 355 4 A 32 225040 A6 S 4 i v, 22 1m 458 FRLEIR 437 . Sham 41 . Model
20 EEP 20 iF 4141 Ki67 2655 BE (43 301 4 (0. 30£0. 05) %, (1. 002£0. 13) % F1(4. 01£0. 13) %, 5
Model ZHAH L, EEP 2 JHAEZHZ b Ki67 FHPE AR S & 38 (p<<0. 001, B 1(a) R (D)) . DA 25 R4 %
Jie EL B AR /N U B AR VR



768 R 224l AL AR JO

(a) Sham Model EEP

Liver

Ki67

—
o
~
(=)}
1

ns ()60 . (d)so- s

1

w2
=
T

FFFE AR E /%
2
T

20

L

A%
—
Ki 67 BRI IR R %

1 1 | 0 | 1 0 | 1 1
Sham Model EEP Model EEP Sham  Model EEP

() JFHLUES K Ki67 Jeta; (b) JFEEE L (o FHAZR; (D Kie7 HERAGLER J 1 10 pm)
PR EAREIR 2 0 =6, % p=<<0. 05, % * p<<0.01, * x * p=<0.001,
E1 EREHFNEFERE, AEHZELRE

Fig. 1 Propolis promotes liver regeneration vs each group
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Fig.2 Liver function indicators and HE staining
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WETE L LE 2 A, PHx RJGHFIIfESZ . ALT 1 AST Jhir . B/ RE 4R S0k i i 5 ALT il
AST K % Sham 41K, BB e Ab BEREA B T I AL el R v D RE AR R
2.4 WA PHx A JG FIEALZYE & i 5% i

ANTA AL FRL /N UK P2 HE Y4 (8% B, Sham 21705 BUK T 40 B HE S 5588 J0 00 L 0 5 36 (24 2, v e
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Wi HAEA R ROK M . EEP 20 98 P 20 015 1 DX 38 B o o A TR A, i 440 I T 2 ST 8 3 T AE o (1A
2 ()7,
2.5  WRIEET PHx /b BUIFALZ0 ] TNF-a PL M 1L-6 mRNA HIAF 4 ik (55w

TNF-a DA} 1L-6 7EFHE AR 0 )5 shid B b 455G o I VE I FEa shad R v e MRl 4b T GO
WIRRFREZR LR G1 35678 . ZEAFPIBRARSS 4d, EEP 415 Model ZHAHL B3 E T 11-6 Al Tnf-o BYIENH
TR, FE B fise b B AT BB AR 12-6 1 T f - B9 mRNA ZE R4 25 AT 40 i A DL s 4 58 (&1 3)
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Fig.3 The mRNA expression of pro-inflammatory factors Tn f-a and II-6 in liver tissue
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55 Sham ZHAH Lt - Model 201 EEP 20 H (% 20 M 35 58 1) CEE B F Cdk 1 Rl Cena 2 ARG FE PR 5L R Pena
I8 0 2 T » W PHx 5 40 AR OCEE 1 PRGEUE S AR B A8 . A 2 b Cde25.Cend 1 il
Cenel BRI FRIR K- 1)t 25 /50 TSR 2, 3R B 06 5 A 200 B39 20 e % v A1 a4 ) 300 A DG 56 DR g 2258 C I
3Ca~D T, IR AP 52 R A

3 g
FUTBRA G P E A 52 0 A 060 T P IE S B SR O B2 . RS B 256 7 1A o 2 5 i TP AE P2 R
DU R, eI —Rh R IR e 7 i TEAR BE B Th 2 TR YT 0 D A MG R E R A5

P AATFEaE i PHx R4 /s BRUFFRRA AR L FE AR RS 253/ BT e JCHA ¥ AR IS e e e/ s RUTF A2
AR S L

JEFHA 9 25 A o B2 T 2 R A S T 0 A 4% T 52 1A Bz 40 L Kupffer 20 AN TR 4R A5) LR 2 55
P UNEIZ T PHx JE R F AR RS AT (0~2 ) LA IT S 5 4 oy s 2y 2 I 30 B B (4
~8 A N B AN Kupffer 41 JE 25 22 Fh AR 52 B4 i 34 (] 2 5 1950, SR PHx 5 2~4 d D4 2[R9 A
PS5 J5 240 M R H A 48 A T A 33— P T BB 40 6 AR T €2, S ) 2 5 0l P A i AR AR SR &
AR PR N I e E PHx J5 /N BRUTF A 5 5 P B AR TR LU 2 35 9, 035 ALT F0AST #7K-F- B35 %
A, Ul I 868 IS A — i A DRAP BT IDE ) D028 I EL P A S 8 R T IR RE AR A2, i3 5 e JRE 0 vl 25 P T4 4% 17
RV 003 D0 S 2 2 B U 45 T SO 0 0 A P — 807 . e e & 2 8 I LR s P I
A R RISV AR IS K D7 A WAL A5 )+ R 388 Ao TR PP 6 1 7K1 300 7 40 L B8 T2 R 1 e
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Figure 4 Effect of propolis on the expression of cell cycle related genes during liver regeneration

e g b BV /)N B 26 AL T B VR4 0 B R B B A G . PP S 4 0, A M SR B B A R P
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PSP Ser/ Thr 2 3 , 7240 EIN IR A il & HEAE . CDK 1 540 E W18 P iR & Y iR b —
Z 500 AR T S-S A IE R 0 & 2L, N G193 S ) %8 it Cyclin DI-CDK 4/6 454
JE¥E . Cyclin D1I-CDK 4/6 5 pRb-E2F &AW A0 ELAE FH , 53500098 30 1 28 40 190 5B 240 it 8 25 1 (pRb)
PR A, o fih T 55 1) 48 B ) 3R DG 6 X A 7 o, 24 Cyclin A Fil Cycelin D, Cde25 Fl Cdk2 HEP L 17 CC-
NE1 2 (240 G1 3 S 548 () Bl IE 35 720 . 14k, Cyelin D1-CDK 4 W] LIRS ES CDK AH 1.
YER & A/ BB & F (Cip/Kip) &% p21 M p27, i #dE CDK 1 fil CDK 2, # 1 CDK 2 5 Cyclin E 45
BN T G1/S ¥R Cyclin E-CDK 2 Z4% . CDK2 Bii%iA 5 CCNA2 B &AM, CCNA2 &
FI T AR s iR 25 20 I 7 0 2% A T AR i AR 1) G1/S a7 . Y APt A S 1R, Cyclin A
AR Cyclin E I/ Cyclin A-CDK 2 &AM, N4l S W% 2 DNA & IR, meob, an kb
Ji K67 120 A JE) 40 4 11 49 0 200 B A% B ) (Pena) 76 DNA &6 B b R 45 7 Ve T L 78 S W36k i i
15 AR A B AR PR B . #E SIS WIL,CDK1 5 Cyclin A 454, JE M Cyclin A-CDK1 E&% . 48T
KA sers s G2 8. 78 G2 W, Cyclin B B-CDK 1 & &%) X i B P4 i e 8 it G2-M K 4
SRR T OCHEE . EARBISE R, 5 Model 414 e EEP 2040 M0 A% Bt i Ki67 (334 P4t Cdk 1,
Cenel,Cde25 1 Cond 1 %5 3 R 1) 3@ 3K 5 I 35 T 157 2% W6 Jie Ak 34802 2 4900 e o) 309 1o I ) 8 47 R 200 e 1 380
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JHFRAE AR B B BE 5 S RE N2 T IF AN A 3 B8 AN Ak . X — s R, RAEHF TNF-o F1 1L-6 3%
ZIRRIEREEENEER G, KRBT RAER T3 28 A AR 0 R & A 0 SR R 25 L (26 AP
WA SRR T, SORE R T 11-6 (1938 22 2 (8 10 0785 24 o 40 0 398 ARG a5 S 400 ) 40 o 90 1 A0 41 7 35
MR . BRI 1L-6 S/ RTFUIBR AR G , FL-FA T RE 32 80 . 30 0 JF 520 s YR58 L FF 41 i DNA &
RIS B G1 S H Y SR, TN {5530 Bt 25 00 - 20 M 5 A S I L TNF i S NF-«B #9#%
ST il 11-6 (77 A JE bl S 05 5 5 1 5 G BG83 (STAT) W S5 — 1l , TNF-a A LA it
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BERR L TNK i AR 1 i Horh 38 4 43 2R A DGR (1 CDC2 R CDK 1Y, ABIFSE R I 1E T
PR S AL B B AR BE T f -« R 11-6 (Y25 A KP- R IAAE PHx J5 88 155 RS Y S AE S L AE T -
HE R BR B B A AR I

SEABIESEE UIESE T I RE e #E PHx Jo B RTIEFEAE IR0 20 B B 1 G 32 2040 P AL (EFR AT A
WRIFFAFAE—E R BRYE . —J7 T ABE AN E 1 39 i £ i By Hh ) 28I R I R 5 1 R IR
JIER FHH A X S B v BRI PR S S B e AT b . 55— T A TP BR300 200 AT R 240 T3
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