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Study on improvement mechanism of caudatin on liver injury in rats
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2. Dept. of Pharmacy, Lianyungang Hospital of TCM Affiliated to Nanjing University of Chinese Medicine,
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Medicine, Nanjing 210028, China; 4. Dept. of Oncology, the Affiliated Hospital of Integrated Chinese and
Western Medicine, Nanjing University of Chinese Medicine, Nanjing 210028, China)

ABSTRACT OBJECTIVE To investigate the improvement mechanism of caudatin on liver injury of rats. METHODS SD rats
were randomly divided into blank group, model group, caudatin low-dose and high-dose groups (25, 50  mg/kg), with 6 rats in
each group. Diethylnitrosamine (DEN) was injected intraperitoneally three times per week for eight weeks to establish liver injury
model of rats. At 5th week of modeling, the rats received relevant medicine or 0.5% sodium carboxymethylcellulose intragastrically
for 4 weeks. The levels of liver function indexes [alanine transaminase (ALT), aspartate transaminase (AST), total protein (TP)
and total bilirubin (TBI)] and inflammatory factors [interleukin (IL-6), tumor necrosis factor a (TNF-a), IL-1B] in serum were
detected; the histopathological morphological changes of rat liver were observed; the positive protein expressions of nuclear factor
kB (NF-kB) and 78 kDa glucose regulatory protein (Grp78)
ABEE R ARRAEE ST H (No.81773947) ; K in liver tissue were also determined; the expressions of
P 24 2R T WS S R B H (No.2022GIIZDYIS-01) s VT35 4 B endoplasmic reticulum stress-related protein Grp78, C/EBP
2B A A H (No.CXTDB2017003)
* E—EE R TAEZG00 ., FF5EJ 1) 2 TR PRI M B 4l
E-mail: 1456276045@qq.com
HABEIEE FATEI . . BT 0 0 SRS % g level of protein kinase R-like endoplasmic reticulum kinase
BELEAIGER . LG - 025-856371215, E-mail : robertluoyi@126.com (PERK) in liver tissue were detected. RESULTS Compared

homologous protein (CHOP) , activating transcription factor 6

(ATF6) and inositol requiring enzyme la (IREla) and the
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with blank group, serum levels of ALT, AST, TBI, IL-6, TNF-a and IL-1p and positive expressions of NF-kB and Grp78 in liver
tissue as well as protein expressions of Grp78, CHOP, ATF6 and IREla, PERK protein phosphorylation level were all increased

significantly in model group (P<C0.05), while the serum level of TP was decreased significantly (P<<0.05). The disordered

structure of liver lobule, swollen liver cells, unclear intercellular boundary were observed and accompanied by inflammatory cell

infiltration. Compared with model group, most of the above indexes were significantly reversed in caudatin groups (P<<0.05); the

structure of hepatic lobule was relatively complete and clear, the cells were arranged orderly, and the infiltration of inflammatory

cells was also reduced. CONCLUSIONS Caudatin has a significant improvement effect against DEN-induced liver injury in rats,

the mechanism of which may be associated with inhibiting endoplasmic reticulum stress and inflammatory reaction.

KEYWORDS endoplasmic reticulum stress; caudatin; inflammation; liver injury; diethylnitrosamine
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1.1 FENEE

7020 1 2 A Ak A A A B OH A7 AR S
Thermo MicroCL21 % ¥ I %5 .0 #L ) H 2€ & Thermo
Fisher Scientific 23 &) ; Milli-Q & 4li /K HLIg [ 3% [ Milli-
pore A Al 5 1X73 FUE| B 5 6 B AU A H A8 Olympus 2
H] ; PECTERAMAX190 &Y /iff 45 A% 1 F 2€ [E] Molecular
Devices 2\ 7] ; PowerPac %! 8 F H yk 1 #1 Mini-
PROTEAN" Tetra cell % 5t 1 Hi VK 5% F) & 4 ) FH 56 [
Bio-Rad /A A ; Tanon-5200 Fl fk. 2% & S 858 I A% 2 42 1A
H FERGERH A PR A F
L2 #H5iRH

IR EE A I AR DEN R H JEEF 4 KAl A
2 [® Sigma 2\ H) (it 5 43 %1 Jy PHL89596 . SRE009 .,
N0258 ., C9481) 5 K L I 983 3K %t K] F o (tumor necrosis
factor-a, TNF-a) . 14 i/ % 6 (interleukin-6 , IL-6 ) filf
B % W i 10 35 (enzyme-linked immunoadsordent assay,
ELISA) i 7] & W [ 3€ [# Biolegend 28 & (#t5 435~y
438207.437107) ; IL-18 ELISA i £ W [ 26 [# R&D
Systems 23 F] (4it-5 RLBOO) ; & [ B0 1 77 ol 2 ot 47 1
I [ 2% [ Med Chem Express 23 7 (4543 51 i HY-
K0010 ,HY-K0013 ) ; RIPA %fi# ¥y \BCA i [ 7E tt 157
& A B s RAEYEARA RA E (#5550 0
PO013B.P0010) ; ECL 25 4 't i (4 W W) Y e ot o P B2
AR A A BR 2 B] (445 E412-01/02) ; 4275 78 kDa
Hi bR 9 25 (1 (78-kD glucose-regulated protein, Grp78)
PTERERTAR AL TS K B 1o (inositol-requiring en-
zyme-lo, IRELo) FRLFCREHTAR S AR FHIME R A 4 5T
I 38 i} ( protein kinase R-like ER kinase, PERK ) #3571
A& Sl NF-kB Hog BEBUAR SR B- L3 & 11 (B-actin)
By BELAR L C/EBP [R] 5 4 111 (C/EBP homologouspro-
tein, CHOP) H1 5 B Ht /K (41t 5 73 %] &y 31778, 3294T
5683T.8242S,93473SF) ¥y H 3 [ Cell Signaling Tech-
nology 7 il ; S IR 2 1k PERK (p-PERK) B 5z B T A I
F1 2[5 Abcam 23 &) (HE5 ab192591) ; B 13 AL P B e
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(415 S0001)
1.3 ¥

AWFFEET B M SPF 9e et SD KB, 3k 24 H Ik
itk (200 +20) g, 2 H %, B s U AR DR A
RS R B 3P A= 7= A A% IE 5 S SCXK (5 ) 2020-
0001, JrA K B34 & T HOl/mE %4 12 h, % R (25 £
2) °C X (60 + 5) % SPF ¢ SL 56 sh#y il , F
BB WOK. ARG o P B2 R R e RS G
P Bt 52 50 8l W) 40 PR 25 51 S Atk Ht o 2R 5 AEWC-
20200702-119,
2 AE
2.1 & HES5RY

KB ISR 18 BEAIL A 2s A R
HESKEAR  E AR 2H (25 .50 mg/kg, 7 MR PR HT 01 (4 5258
gL Y I I L 0.5% ¥R W 4T 4k RN IR ) o bR
25 AN, H A 45 4 R B4 R M I 7 99 DEN (50
mg/kg) (5 VARG R SRS TR0 R SRR 2 3 UK, 3%
S8 JH, AR 5 R TR, K BHE 1 AH R 259 5 0.5%
RS H R, EL 4 . RECKIKA 2R 8 h,
AR HEE B, 1M RE 2 3R 5 B 30 min J5 , 2 3 000 t/min 5.0
10 min, U E IS, & T —80 °C vKAG IR A5 o B 58
UG ARSEA L R R IR
2.2 KRIE I BETEAR R K IE B F K FRTE

A LR BRI L >R B B AR A A3 BT A5 A 1L
AT D1 6E A= 1k $5 A5 TN & TR 5% & i (alanine aminotrans-
ferase, ALT) , KA Z R 24 Jiff (aspartate aminotransferase,
AST) 8 [ (total protein, TP) FLEHZT Z (total bilirubin,
TBI) /K- 5 5% A ELISA 1271 &0 i K LIt i v 9 PR 7
IL-6 .IL-18 . TNF-a {7k,
2.3 KBRAFHALRREFRENLE

HOK U H 40 B, 45 4% 2 W | LB
FEM A, A RS 4 wm AP H 5 SR JE & AR -
L (HE) Y05, 7E 658 T ULER T T 4L 2114 55 B 2 A
b, I e,
2.4 KRBIFAEALAH NF-xB.Grp78 B AR IEHIEM

SR G Gl AR IR IR TR o B BRUMF I ZH 43
[F] 2,37 350N 7 il 8 R UM A B U0 R, a7 8 AU
B K BURIE S BUB YT R 12T 3% i A AL SR
b, LUK R o A A ) 5 2 IR DGR F 10 min,
TN 109 1L 2F 138 35 1] 30 min , % i1 Grp78 — 3t (Fi B¢
J& R 1:200) NF-«kB—4t (Fi BB R 1:1 600) ,4 °CHEH
. RH, T 37 CE&M T F AR Pt 30 min; LA
DAB &6, JR AR ZZ YA Min , 4 S REK PR i

TEZG; 2023455 34 555 51

FJE, TR S, Bk D) 78 i fUsE T B MLIE
5 e A% LT, DA B €80 FH M 4L 5, >R H Image-Pro
Plus 6.0 ZXF AT 3153 S A7 00 X3 o AR Ay 19 s 28
{8, T FRPE R R KT
2.5 KFRIFAEZA L B ERs 185 B KA K FHIE

K FH Western blot J: EA TR o BOK BRUFIEZH 27 60
mg, JIIAE 5 RIPA 247, [R] I 25 DA 1% 4 25 1 g
il 790 5 TR AT 1) ), ST S0, VKV 24 30 min, T
4 °CF LA 12 000 r/min 50> 30 min, 1 3E W, 2% Fl BCA
HIE R AWE ., HEALEMEE, B30 pg#17 =4t
BB - 2R DR 94 T P 05 Je Pl K, 5 FH 7 5% B T 0
¥ (9 TBST ¥ W & 1] 1.5 h, 43 % /il A Grp78. CHOP,
ATF6 . PERK . p-PERK . IRElo — 47 (B JE M 1:1 000)
il B-actin HLIA (Fis BEEE R 1:5 000) , 4 °CHFE 11 ; LA
TBST IF VLN 3 ¥k, £:IK 6 min, 5 I BRAR 1 & AL W) il
FRICH — B0 (B 1:5 000) , = 0 H 1 h; TBST I
WRUEIEE 3 YR, IR 10 min, i1 ECL &G, R AL E K&
JCEERE LR R Ge R A EME, I 1 H Image TR A53 1 25
KM, LA Grp78.CHOP . ATF6 . IREla 5 2 B-actin
FA R AL He AR e s ik 7K F s LA PERK 5 p-PERK 1
TR FEAE HAE 2275 PERK 35 A FOBE IR ALK
2.6 GiTZESHT

K FH SPSS 19.0 FAF#EAT G 734, B0 D x + 5 3%
TN Z A LR B R 28 5 2240 Ar , 201 1) 79 7 LR
FLSD-t #5485 . #5465 K #E a=0.05,
3 H#R
3.1 HIEEXEE KRBT IhEE & L ISR RN

525 A AR b AR 2H K RN o ALT . AST . TBI
JKAF- 2 8 2 TH R (P<<0.05) , 117 1 TP 7K i 3 A%
(P<<0.05) ; SHEAYZE A H , 5308 2 45 v 771 it 4 R R 75
i ALT \AST . TBI/K-F-34 i AL (P<<0.05) , TP /K-F-H
BETHR(P<0.05), 45RNLEL,
F1 FAKRKRMFRFHEELIBRORUER (x+

s,n=06)
415 ALT/UL) ASTI(UIL) TP/(glL) TBI/( pmollL)
SAA 10.17£240 1467£378 58174538 6331082
fRR 31674378 39504579 5133273 9834 141°
EREIRES 23834241 2950+4.14¢ 571331367 8251074
kR 1867£2.34" B17£325 58574339 795£091°

a: G2 AR, P<0.05;b: SR 115, P<<0.05
3.2 EAREXTHEE A R I R E F kR
523 AR LG AR ZH R I i IL-6 \ TNF-o  IL-
1B KP4 3B T (P<<0.05) s BRI ZH AR LY, 45 1k 22 v 7
T 2 LI Y IL-6 . TNF-o IL-1B 7K - 35 5 35 A%
(P<<0.05) , 5 K g2 A 50) 2t 24 K BRI 375 TL-6 7K - ik 2
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MR (P<<0.05), 255322,
R2 BAXBRMBPRERFKENEUER (x+5,

n=6,pg/mL)
an 16 TNF-a L1
4 0314131 12251143 76324201
f 120.15+2.55* 1256211627 590.16+57.33¢
HRRECAIRA 90,09+ 1.68° 113,184 18.94 5379242667
SRR 78651183 96491 12.86° 465.27455.74°

a: 525 AL, P<0.05;b: SHRIZE H AL, P<<0.05

3.3 HIEEXEE KR AT ELURIE F M R

25 VR U /N 5 4 8 B T T S R S 7
SPARFHES ), 4 A 52t (R 1 J v e, A% B 440 4341 B
ORI AMITCIRSE , T A 40 i o AR K
U/ NI 5 AR 2L, A0 B 55 T A i 2 HE S 25 L
SRR, W] UL SCARIRTE , 20 B I) 23 SR B, AR
20 B S s BRSO, AN 22 ) — ], AR
AR L, IR BRI L e ) d 2 K R U A R S A
IR AN [ R R R | /IS 235 AR 050 e A TR AT, 20 A
Y EEE ST, RAE A A P . 25 R LK 2,

s

',-('we—» AR

IR JEE o 79 2

R AL
2 FAXRAFHEARFEZRSHEMEHE R
& ,%400)

34 HIXEIEER K RATAEALS H NF-«B.Grp78 EH
e 3w :ab-A

525 HA M He, B 2 R BRI IE 21 2 NF-«B
Grp78 £ [ FH I FRE /K V- B & T (P<<0.05) ; S R1 A
AR LG, 5 35 2 45 71 ot SR 2H 24 NF-kB . Grp7 #5 1 FH 1
FRIK AR (P<<0.05) . 45HL LA 3. %3,
3.5 HiAENEEARATHALKSRERsHAXEARE
oA

525 (Al A He AR R 41 K BRUIF JIE 4 4 Grp78 .
CHOP \ATF6 IRElo 5 [ %35 7K F- F1 PERK #E 1 W5 i2
fh K45 58 2 Tt 3 (P<<0.05) . A2 A HE , 2 1k e
ERRIELR BUTPIEZH 4 P Grp78 .CHOP  ATF6 4K 15515
JKAF T PERK £ B R fb /K- 2 il 25 B 1K (P<<0.05) L IK
FH2H K BT 214 CHOP \ATF6 75 [ F6 ik /K 44 i
FRER(P<0.05), 4E5HRILE 4 .34,
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A St

B. Grp78 & 1l
T 5 Sk R by 7 1 9 B 1 X
3 REKXRIFHEALF NF-«B.Grp7S EARKRIZH
% A4k B (x400)

*x3 HAKXKBATAFAZL B NF-«B.Grp78 EAMAMER
WA ZEENESER (x+5,n=06)

Fibl NE-kB Grp8

SR 0.0039+0.0007 00193£0.008 4
R 02034£0.0251° 02733400225
KRR R4 0.1387£00176° 02046+0.1857°
R AR 0.0892£0.0084° 0.1268£0.1508°

a: 575 4 b3, P<0.05;b: SR 13, P<0.05

“* s | 150400
e - —
e .

———— -
CHOP ' - 27 kDa
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p-PERK

130 kDa

109 kDa
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Fz4 & H KRBT AL G Grp78. CHOP, ATF6,
IREla T AFRiZ /KT PERK F ABER LK FH
MELR(x+s,n=6)

41 Grp78/B-actin -~ CHOP/B-actin ~ ATF6/3-actin ~ PERK/p-PERK  IREla/B-actin
A4 L00£000  100£005  100£0.2 100008 100+0.14
fRRl IL71£122  8754£009°  230£013*  190£0.12°  430£048*
BRI 085101 69554062  144£000° 1882012 3924036
kRS 7361078 581910600 1234009 1354011 352£062

a: 5441, P<0.05;b: SIS, P<<0.05

4 itig

JHFREASAS S A 5 A ARG R B fife 7 1 E 2L 4
BRI MR B BT AR R S Z AR
B ERR"™ s FE S E M TG RIGTT I 248, Hrp
IR R Ay, B R R A

DEN J&— 7 N-T0fil§ 2B Ak 59, OIRJG oT 5 1R
PR R IR, B2 S EOFEY, W, AR SR
DEN K if5 3 T A AU K fl. ALT ,AST . TP Ml TBI J&
S DI RE ) E AR bR, I DI RE = B, ALT \AST A1l
TBI A 7K T &, 1 TP I 25 R, AR R 8w,
2ot ik E T 1S , RIS 1 ALT \AST  TBIZKF-FEAI,
TP /KF T, HFEZH 200 B 25 0, AR 4N M iR
WDk SR I IR EE X DEN BT 0K BUFH 0 B A Bl
1EH .

S AE IV E DEN FIr 20k BRI 495 Hp i %5 i 224
Fo $EHE , DEN 765 80K B0 19 R, i sk
BRI TP i Z2 W8 K7 T, DT 3k Toll B 37 4 4/86 A
A3 AR - 88 5 -5-1 R IEG NF-kB, AL IL-6 . TNF-at
FIL-18 (635", AP LS R B, &5 R E TR,
KR E AL 20 H NF-kB 25 A BAPEF R K FEAIG, 155 P
IL-1B . IL-6 \ TNF-a 7K PR REAIG . ik R W45 1K 2 X DEN
JITEOR B 473 A e/ FH -5 0 i SE B A o

AT IR B K AR S AR S A A R A R
Pr& i B2, X6 A rp AT AP0 m] e 53
ERs, M\ 1fij 38 2 33005 5 P9 T D) S 445 45 1) % Jks PERKC
IREla Fil ATF6, Jii 2l A 41 & & 11 i (unfolded protein
response, UPR) , LIk & 4 5 I 2 €™, CHOP & UPR
PR B B0 () BRs [T S A R T 0 B AR , HER
ih%% IREla . PERK Fl ATF6 % 3 £ 15415, PERK
SR PN TR L T AU AR 1, e R IR AR, T2
ZLEM TN NS GrpT8 5 A LT N E &
Y ; 7F ERs i}, PERK 5 Grp78 fif &5 )5 & 4= 1 B iR 1k,
RS AR DT S0 B 480 Ah Iz s 17 L 22 3 A 1
DL T, IRE Lot —Fh B IR (1, b ke
Al g5 A I 5P X & 454 8 1(X-box-binding protein 1,
XBP1), \ifii_I= 38 CHOP ik , #E i 08 -/ & AE
ATF6 J& PN I AL A T 20 B S 2 1, AR R SCIR AS s
HE AT R N 8 9 5 Grp78 454 s 7 ERs IFf, ATF6
55 Grp78 fiff 85 J5 In] 15y IR FE 2 A IR FG 7, k1T 1% Ak ATF6

TEZG; 2023455 34 555 51

M- 38 UPR AH G HE R B0 7 SR8 ™o ARBIFFE 2

REI, 2GBTS, R EATIEZ 20T ERs #HOCHE

1 Grp78 .CHOP , ATF6 357K V- Fll PERK B2 {L /K -1

B A o 3o 3 B 5 32K JE W 3 e 40 ) P J5 I O 8 i 3 A Bl

JF5A

25 LR 3R BE XS DEN FITECK U5 HA W] 1

BIRCREAE HT, CAE FATL AR AT -5 400 i P 5t 0 7 938 R

SR Ko
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