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Protective effect and mechanism of Hirudo on mice with non-alcoholic fatty liver disease
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ABSTRACT OBJECTIVE To explore the protective effects and potential mechanisms of Hirudo on mice with non-alcoholic fatty
liver disease (NAFLD) in mice. METHODS The male 4poE~~ mice were randomly divided into the model group and Hirudo low-
dose and high-dose groups (0.45, 0.9 g/kg), with 10 mice in each group; another 10 wild-type male C57BL/6J mice were chosen
as the control group. The control group was fed with basal maintenance chow and the remaining groups were fed with high-fat chow
for 12 weeks to establish the NAFLD model. Each administration group was given corresponding solution intragastrically, once a
day, for 8 consecutive weeks. In the 13th week, the body weight and liver weight of mice in each group were measured after the
last medication, and the liver index was calculated; the serum levels of nuclear factor-k B (NF-kB), tumor necrosis factor-o. (TNF-
o), interleukin-13 (IL-1B), IL-6, total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C) and
high-density lipoprotein cholesterol (HDL-C) were detected; the liver pathomorphological changes were observed; the protein
expressions of peroxisome proliferator-activated receptor y (PPARy) and silence information regulator type 1 (SIRT1) were
detected. RESULTS Compared with the control group, the liver tissue of mice in the model group showed more fat vacuoles and
infiltration of inflammatory cells, with significant lipid accumulation; the body weight, liver weight and liver index of the mice,
and serum levels of NF-kB, TNF-«, IL-1B, IL-6, TC, TG and LDL-C significantly increased, while the serum level of HDL-C,
the protein expressions of PPARy and SIRT! in liver tissues significantly decreased (P<<0.01). Compared with the model group,
the pathological changes in liver tissue of mice were all relieved in Hirudo low-dose and high-dose groups; the body weight, liver
weight and liver index, the serum levels of NF-kB, TNF-a, IL-1@, IL-6, TC, TG and LDL-C decreased significantly, while the
serum level of HDL-C, the protein expressions of PPAR+y and
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Ak W K 1 N8 5 % T 9% (non-alcoholic fatty liver
disease , NAFLD) XA CIHHAH IR WM , US4
L i 105 A5 R i J I RRCR F2 R AIE o I R T o A
3K 30%~40% M ™, S8 RN i L AE B ) A
HYIAH Y NAFLD 1Y A& 9 HLHI 52 A%, 5 K fige 5 2 4%
P AL AR S LR D RE R i 45 2 H A T
Bt HHT, NAFLD (3697 3 20 AE 36 77 ik
A5 BRI 20 25 1AL T R B B, 1H A K Y
i TOE R 2 AR T

i A Ak W T AR B B Y TS 2 K y (peroxisome
proliferator-activated receptor v, PPARYy) 7F NAFLD & &
PR SR IRER A , 2 Bl W T A By Tl BB 3 I i o
HERL, $7% PPARY 1] i & NAFLD A 7 7 A J7 #0 5
DLBRAF ELVH 15 I F 1 (silence information regulator type
1, SIRT1) #2245t NAFLD BIF 5 (457 #E i, Hoiod 33k i i
o R 5 | RS A I B S AR B S E B i, I 7T IR 4
HE AR B i 3R 70 A 55 22 S5 A I8 %, 76 NAFLD i) &
A R B SRR

TKIE A K B B 1) 85 855 Whitmania pigra Whitman |
7K 18 Hirudo nipponica Whitman = 40 - 453 8% Whitmania
acranulata Whitman )T 414, HAT 0 10207 |38 2891
SR DA, FLAF DG T R 2 R OBz RS R L0
i 057 95 5 45 1 Bl G 38 S R S I R IR T
AR 2B R B, Kb HA PR R G PR s
AL SR ™Y ; TRl E A PR Hiy B A 98 E 52, 7K g
AL R AR 2R E B R (ApoE ™ ) /NER I B ik
S FERT L (atherosclerosis , AS)TE %, A B (B RVE L
7% J&F| NAFLD (1) #HIE Al 5 AS AR, SCAS B 524U LA
IR IR 5 S ApoE™ " /N B 37 NAFLD B A, B T
PPARYy . SIRT 1 #2451 /K IE X NAFLD /N R A P-4
KETENLSE, B 7E K 55T NAFLD 245 34 HH i 2R A
EDWSAEE ) AR

1 #r#
1.1 EEUEE

A FE I 32 B AR 36 CryoStar NX50 & vK R
Y B #L . Multiskan MK3 # fifi #7524 ( 3& [ Thermo Fisher
Scientific A 7] ) , Leica 819 AU BT b (_EIEEPR RAXARA
FRATF]) , LUKYM- T BURE S ZRAF A () 4 5 =0 7
IR FRAF]) , BG-Power 600i % H1 3k A3 (b 50 H &4 A
P ARA R F]) , Y-THM RO 8 4345 . Tanon 4600 7
R KR R G (LR e R A R A
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AT FH AR A3 Ay Jok i o e 20 ( PR 2235 28 il 245
ety A RN 7], E 2515 210970056 , 45 20211021, 45
R 0.25 g) A 5 THELT O Yl L0 YL I ARG Yt
W . OCT A3 5] (4it 55 43 5 &y G1015., G1002, G1004
GP1007) ¥y 7 s ZE 4k IR A= Wy Bk A BRA w5 f il
PPARy #T {4 | SIRT1 Ht {4 (it % 43 5 S WL01800,
WL02995) ¥ [ 2 FH T 2 A PRk A B ) 5 S i H
T -3- W R At U (GAPDH) HiiA AR 1 S8 Ak 4 il b
LAY 1gG =Pt (52 51 2118 . 7074P2 ) 340
H €[ Cell Signaling Technology /A ) ; £ i ECL fb2%
KGR F & BCA B vk B2 I a2 iR ) & (540 51 ok
PO018AM .P0010S) ¥4 H I3 = KA AR B A
FR 2 ) 5 S JE [ 8 (total cholesterol, TC)  H- i1 = i (tri-
glyceride, TG) %% & fi5 & 1 JIA [ 55 (low-density lipo-
protein cholesterol, LDL-C) . /5% i g £5 H AH [&] % (high-
density lipoprotein cholesterol, HDL-C) . {8 SR3E [H T o
(tumor necrosis factor-ac, TNF-au) | 4 4l ffi /i & 1B (inter-
leukin-1B, IL-1B8) . IL-6 , #% Al F B (nuclear factor-kB,
NF-kB ) FEE G 28 W BRHI 5 (ELISA) 385 & (L 55051k
MM-0632M1 , MM-0631M1 , MM-43685M1 . MM-44105M1
MM-0132M1, MM-0040M1 , MM-0049H1 , MM-44130M1 )
I FT 5B S Sl A FRA F o
1.3 Bz 5ER

SPF % M M ApoE™" /N B 30 H 1 HF AE Ak P
C57BL/6J /INEL10 H AR T 16~20 g, 100 1 ) 4 25 A=
VIR A BRA AL s A =14 rliE- S SCXK () 2020-
0054, FirA /NI T T AR K 22 M e 2 — R B
SPF 2% ¥ 52 1 %5 [ %5 L (23 £2)°C , A X B (50 +
10)%, 5 12 KBRS, A M FIIROK . ARWF5E 7%
RBN ARG B R 2= IS 55— B e sh W 8 B 2% 51 s it
YE(Z P25 00311859) .

60% i it RE = AR AL (LS XTHF60) I A VT84
PRI B 2542 ) TR AT BR O34T /) 5 SE R AR R 1R R} (HiE 55
GDMLAC-260) 1) A48 B 2= 50 50 sh Py e $ 4t
2 Ak
2.1 IEME SES5%H

FIEAT /N BREAAE M 35 1. 8 30 UM ApoE ™
/INERBERIL 2 R A AL AN KA | R 2, A4 10 H 5 55
B[] 1 A AP E CHTBL/6Y /NEL 10 HL AR X HR2H
X B2 /N B D SR AR R SR AR A A/INR DL = i
TRl RIS 3% 12 8 L Sr NAFLD R A0 (12 & J5 |, 4940 4% 4k
/N2 H BRI 2O BEAR AL, 50T DL B S g i s
TR AR D) o 27 13 Ja], KA | g 70 /N B
4 0.45.0.9 g/kg KRy (43 AH S T B R A 28GR
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WL 245, NS AT L g 45 R DL 5% ;R
SLEF Y RN WO ) E B AR AR 10 mL/kg) , % RZL
FIRE T 2H /)N BLRE 15 25 IR R 0.5% 32 TP BL 2T 4 VAR,
RR1IK,EL8JH,
2.2 HARES/NRIKE BFIERE BTIETSEHE N

KRG )G, AH/NREEE 12 h, TIRH L ARHE
U 1 53 2% P3G L2 R O 4k ok IR K B, i A
® 1hJ5,LL3 000 r/min &0 15 min, 43 & F)Z I, &
T —20 °CORF T RAE 5. BiliJG , AbFEAS 4 /N B, Ak
HUHR JFIIE L DA 4 oCA: #ER KT Uk , I FHUE 4RI B 2 42 7K
g3, BRI R B, 1T AA /DN BB TR s 55 [ I 4 2L
(%) =/NEHFIE & (g)//NFUARTE (g) X 100%). FRAE T
WS, B3R P AL 20T 10% B [, T
ANG-DHLL (HE) Y (A A ZL O Y (50 5 s AT 4410
WRBRG , BT —80 CCUKAE T AAE, %5 FH o
2.3 MR I R AEAE < B F A MBS 7K e

K ELISA SAGI o BiC“2.2” 300 4% 2H /)N BUAY 1L 775
i 7 e 4 JEORE 07 X500 6 106 BH 5 454 | 15 FH A (A
W HE A AH 56 7 (NF-k B\ IL-1B . IL-6 , TNF-o) Fl ML
$5#5~(TC. TG .LDL-C .HDL-C ) /K-,
24 INEITALRBRESENE

HU“2.27 0T 28 10% HI T [ 72 19 45 41/ BRI 41 40
L, — ik A s Y R, ET HE Jef, fil
U 2 U BRI D 5 53— 342 OCT £
S iG] N i | AN O B2 O D E R TR €0 )
SR LR B HERE IL
2.5 INRAFHAL T PPARY SIRT1 E B RiL

% Western blot EEA&M . BU“2.27 30 N 44 2H /N Bl%
FER T2 2058 B, fin A RIPA 2L, B 2R 519, T4 °C
L 12 000 r/min 5.0 15 min, BU_E 15 % F BCA 290
ERAWE . EALMAEE 1T+ e S R
B - R TR TG e R U LUK A 8, I AR 1 22 SR Ml —
T W R L, FH 5% AR W 8 1A 2 hy fin A PPARYy,
SIRT1 .GAPDH —#Ht (F# R Ll 43531k 1:1 000, 1:1 000,
1:10 000), F 4 °CH¥F & #1278 ; LA TBST BEME 3 ¥k, In AAH
W BT CFR BR8] 2 1220 000) , TR IRME 1 h; DL
TBST e 3 Y, AR ECL fh2f & il ) & w1
Y. LAGAPDH N2, i F Image J #4504 H & M
Bk K (H B E AR K= B B E A &A1 K
FEAE/ NS H R 55 AR o
2.6 ZitEFHIE

% SPSS 26.00 3 1 i#f 17 4t it /3 #r , GraphPad

Prism 8.0 X MAER] . TR TR X + s RoR , 241 IR
KL 27 2250, iE— 2 P LL SR LSD-1 K
K 5K i =0.05,
3 H#HR
3.1 JKEEXT NAFLD/NREE FFER=E R AFEEER
Al
550 BEAH b AR A /N BRI I B AR
FEEO W T (P<0.01) s A AL e A, KRR L
2 /N B AR T T TR A S R
(P<0.01), Z5HWLE1,
Fz1 KEEXF NAFLD /MNRIKE  FTAE R E R FFAFIE
BIE2NE (x +5,n=8)

ikl {kig HFAE g FFRER R %

TR 871141 1.04£0.10 363023

fi 33.362081° 156£0.12° 46910.29°

KR4 2059+142° 1.09£0.10° 369£030°

KERAE 29.64+096° 1.06£0.04° 35940.06"
a: 5B LA, P<0.01;b: S5HRIH 4R, P<<0.01.

3.2 KEEXF NAFLD /)R I i35 28 fiE 48 5% B F 7% I A5 7K
g bA|

55X R b TR ZH /INBRUIML 3 NF-kB L IL-1B3 . IL-6 |
TNF-a f1 TG, TC .LDL-C 7K -3 i %% F} 5 , HDL-C /K -
LEFRAR(P<0.01) 5 SR A oA, KR AR L v v 4
7N NF-kB . IL-1B . IL-6 . TNF-o #1 TG . TC .LDL-C
IKF- 34 4 3 %A , HDL-C 7K V-4 &8 3% 7 (P<<0.05 1§
P<0.01), #5302,
3.3 JKEEXT NAFLD /NR AT AR RIBRASF R0

HE Y i 25 0 10 R, 6 FRZH /N RO 2 20 Fp 40 i 43
A XYEY /NG5 IE R, R HES R A 20 /)N BRUHF
LU ZURT WL 22 1) 1 5 25 RN 9 RE 40 A IR T, IF RN TS
OHT , JFE/IN P2 RA SR 5 7K I | v 70 2 /N BRUAR g 3 i 2
YA I A, BRI 25 0 50 B e gD (BT A /D RAE
YR . THZT O Yt s R R BRI /N U414
4D IR JEEC S AR5 Xt R A B S8 0 5 i AT | = R i L/
S22 (14 i o S R S it/ | 7K o v 791 e 2 W 430
TXIHRLE , S5 E 1,
3.4 JKEEXF NAFLD /NRAF4HZE F PPARyY . SIRT1 EH
RIEHIZN

5 F BRH bR AU/ FRUFZH 200 PPARy (SIRT 1
AR FRIBAKOF B E FEL(P<0.01) s SHEIRIL L,
TR A |5 77 2 4/ BRIP4 21 PPARY  SIRTL 5 1 (1
PR K T B 3 T & (P<0.05 3% P<<0.01) . %%
LI 2,

F2 JKEEXT NAFLD /R I i 2 fE 8 5K E F R MRS 7K F B9 #2M0 (x + 5, n=8)

413 NF-kB/(pg/mL) IL-1B/(pgmL) 1L-6/(pg/mL) TNF-/(pg/mL) TC/(mmol/L) TG/(mmol/L) LDL-C/(mmollL) HDL-C/(mmollL)
pipel 8722145115 9756+ 6,04 96.67£435 490591 47.12 3684047 078024 1194037 2074028
fa 1091.65+48.90° 11782663 11462£5.75° 588,234 33.10° 2730+ 107 2324025 AUTBELTE 0441015
KBS 965.17+41.55° 104354385 104794417 52023+ 22.17° 2042+167 191£0.16° 1729+ 140° 1634025
KBRS 909.21 +39.44° 9736£6.10° 98.0513.63" 5064213583 16621132 1284033 13,14+ 1,00 1.90+0.18°

a: SGXHAZE LA, P<<0.01;b: SHIRIZH s, P<<0.01;c. SARIZ HLAS, P<<0.05.
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154 1.5
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9 o c
Z s =
05 b 205
o~ a @ a
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1 I 1 v 1 I 1 v
B. PPARy 2 [1 335K 1Y C. SIRT1 2 13K 1Y
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| IEPC e | IR E S R || W et 3 == 2 N A =i = S
0 B e AL, P<<0.015b: SRIRIZE U4, P<<0.05;c. SR [LAL,
P<0.01,
2 7k#E %t NAFLD /I BT 48 42 th PPARYy . SIRT1 &

HRIERIFT

4 g

NAFLD J& — Fivig M i Je vk I, T 38 im AT iR
JHREAL, RS A 24 L AR A I s 1 LR o 3 4
K, T AMNTARE I R A SRt e, A
JUEE A /D AR fE R NAFLD, 25 b 27 ok T U0 E B 95
g Y 2 I8 3 1 E (apolipoprotein E, ApoE ) & —
2 5 Re s A AL AR 28 P E A, Ho g i 5L D i
KR (ApoE™"" ) /N B i IR TADBLIR 37 5 T 45 19 NAFLD 45
LAY B S A A I A8 4 | S RERRAE , AR O 5T 1Y
AIEES BN AR S SR W, DA i Rk i 2L
FE 12 J8 5 R/ R AR I T i IR 250
TR A UE BT B 5 R S I SORE 4 R
TG A, $7% NAFLD BRI il i o

NAFLD (147 s JHIE R BT HERR I SRE MU . 5%
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&t , PPARvy (2 2F i 15 200 B 53k , 98/ JFF A48 e 1 s
Az B RIS, 4005 PPARy A 3 o BHL1E M1 Y S 5 195 24 it
T AL TS M2 RS W A R ] IL-18 . IL-6 . TNF-o
G RAER T (FE R AN ) 135, AR RAE RS
T RAE P A AR, TGS NAFLDY; L4, PPARYy i
Al 5 NF-kB A EAE IR S 5 RAE(F 5545, i
DRI TIN5 . ABFTTEE R BN BRI/ UL
2 PPARvy 25 [ 1Y FR IR /KA P-H500T B 1 35 AT ] ot
15 NF-kB.IL-1B . IL-6 . TNF-o 7K - 24 %% xof B8 41 1 % 7+
15 TP AT LA 22 1 R I 2 00 0 9 E 40 IR 5 28K
W5 FHUR , 457 2/ BUIFZH 4L PPARYy 25 F Y 26k K
S AR 2] B T R AR R
B, L7 NF-kB  IL-1B  IL-6 . TNF-o 7K - Hy #e B R 4 i
SEREAR I 200 B A% BH 2 % if | 3¢ BH /K % mT 3 5k A
2 PPARy 2 [ A 2 KA il S E BN, 3k JHF U g T e
FL #EMI 2% NAFLD

25 R R 3y i R 15 2 NAFLD #9250 ALl 2 — .
SIRT1 J&— e JE I v o 22 3k i AR 32 4%, T 3 20 o8
AN RS AR 32 SRR DI , D8 I IE B i A 4
AT NAFLDY 7, AR A 2= $E s, SIRT L Al &t [n]
JR45 NF-xB, A0 2 i R F- 19 % 55 , SIRT1 A NF-«B
FIFE BT OC Z 0T Fe B4 il T 04 JHE O I A P A AR e
WP R AR AR R BRI/ R 4
T SIRT1 A [ 128 TR 7K F-300) B A 4 25 A1, 1LY TG
TC .LDL-C 7K -3 %} R 41 5. 2% T 55 , HDL-C /K F 5t
HEA 0 2T B P SR 5 A8 M ™ s oK TS L 4%
Fil -k 2H /N U2 2 rp SIRT 85 1 1Y 28 34 7K 1 2 45 4 51
H R ETHE, ML TG TC . LDL-C /K -4 8 R 4 i 2%
FAR , HDL-C 7K P-4 5 i U 21 b 35 T o, P 2R AR
PERA i3, WK% mT i a2 JF SIRT 1 2R 4 1) 23k 5k
WG RS B A, E 1 28 f% NAFLD.
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