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(IL-1B ) &, TUNEL LR mpel =t H . marmpBA o2 E, R Shama'f. mas
mie E%, CPRATAR $4zx G mie, ARmiekEA T, ARTATYTL YT & min, & CPR
AR RV, AT Y, HARMAERFTILE, CPR., ART #4825 1. 2. 4. 24 h 27 Cr. BUN,
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Effect of Artesunate on Reducing Renal and Intestinal Injury after Cardiopulmonary Resuscitation
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ABSTRACT Objective To investigate the effect of artesunate ( ART ) on renal and intestinal injury after
cardiopulmonary resuscitation ( CPR ) in porcine, and to explore its mechanism. Methods A total of 24 healthy
male white porcines were randomly divided into 3 groups: Sham group (n=6), CPR group (n=10) and ART group
(n=8) . Sham group was only prepared for the experiment. The other 2 groups established animal models by inducing
ventricular fibrillation through right ventricular discharge for 9 minutes and CPR for 6 minutes. Artesunate (4.8 mg/kg )
was infused into the right femoral vein 5 minutes after resuscitation in ART group, and the other 2 groups were given
the same amount of solvent. Serum creatinine ( Cr), urea nitrogen ( BUN ), intestinal fatty acid binding protein
(IFABP ) and diamine oxidase ( DAO ) were measured before and after modeling. The expressions of tumor necrosis
factor-a ( TNF-a ) and interleukin -1 8 (IL-18 ) in renal and intestinal tissues were detected by ELISA after CPR,
cell apoptosis was observed by TUNEL, and the degree of apoptosis in renal and intestinal tissues were calculated.
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Results
brown chloragogen cell and a lot of apoptosis, and in ART group, there were a few brown chloragogen cell, which

In Sham group, the renal and intestinal tissue cells were normal, while in CPR group, there were more

was significantly less than that in CPR group, and the apoptosis was reduced. Compared with the group before
modeling, the levels of serum Cr, BUN, IFABP and DAO in CPR and ART group increased at the 1st, 2nd, 4th and
24th hour after modeling ( P<0.05) .Compared with Sham group, the levels of serum Cr, BUN, IFABP and DAO,
and the expressions of apoptosis index, TNF-« and IL-1 8 in renal and intestinal tissues increased in CPR group at
the 1st, 2nd, 4th and 24th hour after resuscitation ( P<0.05) .Compared with CPR group, the levels of serum Cr,
BUN, IFABP and DAO, apoptosis index, and the expressions of TNF-« and IL-1B in renal and intestinal tissues
decreased in ART group at the 1st, 2nd, 4th and 24th hour after resuscitation ( £<0.05) . Conclusion ART can
significantly reduce the renal and intestinal injury after resuscitation in the resuscitation model of porcine cardiac arrest, which

may be related to the reduction of tissue inflammatory response and apoptosis.

KEYWORDS cardiac arrest; cardiopulmonary resuscitation; artesunate; renal and intestinal dysfunction;
apoptosis; inflammatory response; Chinese herbal medicine

TR (cardiac arrest, CA) J&—FhAE# &
B2, B SRR & S SRS T AR AR
Writk i, 45 H EJEFKE (return of spontaneous
circulation, ROSC) fi CA B F LR F B4t m 2,
B CAIRYT LRI PO ANEEAR, Bi ROSC HE A7
WA 25%~30% ', Tiikcsh ROSC #1771 F{L
A 10%~15% "%, BIIELEME ( post-resuscitation
syndrome, PRS) J& ROSC Ji i & 17 i R ALY
HERER, &Rt ERBG . CA JF O LT 6E R
. BB N2 S - P (ischemial
reperfusion, I/R) #i45; J 4 B RAE )2 v 45 2 Fh &7 2%
FERBL I ER © o AT G TR Lot &2 5 O Bt 13 )
2%, AXT IR SR 24 EUReRm, '
Yifniait it oc L. ik, BUERERE 0 G 2k
WA A RCRAA T, TREA B FRGE 2R E 1
s

HEBENE (artesunate, ART) &7 5 £ 1Y —Ff
IREHERTAEY), AMUR IR DA H SR — 44t
ey, i E AR L ey L R
it ' SRR . PRS AT R AR 4 B O RN, ELA A
RAEAEFI ART %F ROSC Ji5 5 HE Al izl 2 754 -
RO PR 0 TCAR DG 9T . 28 3 R FHAE 0 JDE R
{ERAL, SRIEE ART XHOE 75 ( cardiopulmonary
resuscitation, CPR) J&5'§lEFIiz B0 ) -4 VE R

BS54

1 B W R G I 7 0 24 3k, R E
(36.6 2,67 'kg, T FigH ALY BHEA R A RISE,
Y EHEUES . SCXK () 2020-0006. HrifElR TR,
HEPOK . BRI . H TS SR . AT O
TR IT 2 2 2 5 M A8 B B 1 Sh A B 28 Bt

#E (No.2022-027 ).

2 Ziy. RS BRI 7 P PR A
(& Virbac 2], A7t : BNBGAVA ) ; MEhr 5
Bl (4w, =4S 20200430 ) 5 ART (3E[H
APEXBIO /v w], ‘7™ 4it % : B3662313377BD ), 4
ART % T 10 mL A D, % T 250 mL
WEIRER 22 v 5 WEIRER 2 v (BTN i E e 2
BARGIRAH], 7 4it5: 2011160105 ),

F 2R i AL (creatinine, Cr). Ifil JK &
7. (blood urea nitrogen, BUN ). 7 g lifR 45 & 4 H
(intestinal fatty acid binding protein, IFABP ), — Ji% %
1k, B ( diamine oxidase, DAQ ). A% R % A 1 -«
(tumor necrosis factor-o, TNF-a ). [ 41 jfd 4 % -
18 ( inerleukin-1B , IL-1B ) ELISA it & (it 5 4
5 >4 20200215, 20200210, 20200130, 20200115,
20200111, 20200201 ) ¥y b ifFSEFFE MR A R
ol TUNEL A AGR) 6 ( s LA A W],
A =4S 20200301 )

F2 B AL A iMB0 W AL CIR I B IR 2 A ) 5
Monnal T75 I Iz #L (7% [ Air Liquide Medical
Systems Company ); PalmCPR Jif a4 & 5 it (75
I ST RHE A BRA F] ;M Series BRERWEHY (52
[#] ZOLL Medical Corporation ) ; & J7 Wil 4% (
[%] Edwards Lifesciences LLC ),

3 HWHRRHE B8 Xu & 0y
YR NEBRIE R, S EE & 12 h 5, WL ST
W RRIE, A TR, B BRIk AN
VA VE 5 [ B R s i A 2 mg/kg,  TRCREAE R
4 mg/( kg h) | 4EREse i, (10 i W P ASerr 2L 1
Mo FHK SRz 0SS, RS IEH ZOLL
M-series [ Bl AP AOR AUk o s 1, 44
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WP SR Ao e, I FRFIR LA T LA B
R, PRI AR, WIAE 10 mlkg,
A Wk (fraction of inspiration O,, FiO,) 21%,
FR 3 WP SR AR AR A3 R R T R R, 2 R IR
SR O Ak B 4y JE 7E 35~40 mmHg (1 mmHg=
0.133 kPa ), B4 & T4 Msish ik, IfLLR 5
B PRI A O 3 o A A I R 2 kA T i
B, JHT S W S bk i R, DL SR B K Il b
A, F TFrSwan-Ganz 54 18 o A 00 I &5 bk 3 A A
O, I I s 5 kO K B B K IR bR AR . B
Y45 58 T RAE 10~15 min J5, 2470 S8 Bk
1 mA A & D EWish, BBl EiE
BRIE , PRSIk ZE 20 mmHg LR, R
B SERPBEFF IR AL, JF4EREE B 9 min JCATfi]
T, ARG N T 514 1k 1 67 ) WP 0 Rz 8 % Bl
AT CPR, iR 5 ] 30: 2, R WIMH
Bl PaImCPR i fis ¢ Fe S S it AR UE Fe e i it (42
JE A5 2R 100~120 WK /min, % 1K % & 5~6 cm), &
Jh2minJ5, SCEVE A RS ES TE DRE
1k (20 pg/kg ), M5 MR 4 52 25 1% 0L B B8 3 min 45
251 R, TER 75 6 min B, S7RIHEFT 17K 150 J AL
AR FELBRER, RS0 WS L i P Bl
BRI, ansfc L W b s [ 3208 SR shk e
60 mmHg VA I, 4% 5 min, WA ROSC, fsR%
FHYRE A FO0H, W4k2: CPR 2 min, — K HL 58,
i EE FRA R, EH%E ROSC, #EMIEH 5K,
ARIE, MG, EAEFRM. EHNI)E
S BIRSEHLARGE S, AR S S BRI, RS R
W4 b, FE I ] B S S0 B (RSB AL A
4 h JEIREAERE, BULITA S, AU HEE X
S5 EMgENEE 20 h,

4 ST ¥ 24 H AR HBELECTE
F 34l CPR4L (n=10), ART 4 (n=8),
Sham %1 (n=6), Sham 41 2 #k 17556 45, Hifth
P EE ST O R4 4 R A, Hoh ART A7ER 3G
5 min I} 2245 e ks e ART4.8 mglkg, ki vE
2 h, HAWPILLLE TR R A BE R AR 22 vhil . 3 4l 8h
YR E A ) 22 R TG A E L (P>0.05), CPR 4
10 k%, Bl 6k, EIRRM 4 3 ART 41
8 3k, NI 6 %k, B2 k; Sham 41
Hi) 6 Sk JEsL R B R R BAET 2

5, GhmFE bR K i

5.1 IV B IIRRTR ARAEI AR REALET B SR
152, 4, 24 h REMBARA 2 mL, ORI EEHR,

URAET -80 CokA, BN ELISA 46 I il LT
Cr. BUN /K,

5.2 [MVEMHTIREFRARKEI  AEE AT B SRR
1. 2. 4. 24 h 3 BIRE M ARA 2 mL, 5.0
VW, URAET -80 TUKAE, HEINHT ELISA 45
| IFABP #1 DAO 7K,

53 Eina/NMNa. BNEA LU0 T HE Ho T
WA HE 24 h, NHWNIABEEA 10 mL10% & ik
B ST RAAT M B2 K SR T, 45 TR R
B, IFSTBIRAEENE . [ mARmAL A, i e R
YIk, N TUNEL i, 4200 % T 200 % 15
BE R REALERE 3 S EY, BOPIME, FEITA AR
B P20 M A A S B i A b, AR T
F8E (%) = BHPEANAEL / BAIHI%L x 100%.

54 BHJa/Na. BIEHS TNF-o | IL-18 3£
RGN R R AREUE L A ZUREAS, SR ELISA
TR B S I ZH 2 TNF-« | IL-1 8 Rk,

6 itk FIH SPSS 23.0 it #k xf
BAGHAT T, FFAESHMITTERR X s £
N, AFEEIES AT TR L 5 (Uo7 40
M (IQR) | Fm, HEFERLSIRR, 254546 I1E
Ay 225 AR R TR R, S8R A g P
HIWBIR LA JoE R HEE M STy 22007, [F—
() 55 A 2L ) EG AR FH B R R T 2500, 45 AL B P
HE—2 R H Bonferroni 555y, ANMEFSIESSY
A 8 7 22 57 B G R ) Kruskal-Wallis 56, R 1)
LR x 2 K3, P<0.05 H2%ESA Gt L.,

& R

1 3HEIHIE I Cr. BUN K FHEE: (£1)
S BET B, CPR X ART4HE 711, 2. 4.
24 h Ifiif Cr. BUN 7K FFHiE (P<0.05), 5 Sham 41
s, CPRAIE DR 1. 2. 4, 24h IfiliE Cr. BUN
KF-THEs (P<0.05), 5 CPR 4fmliLE:, ART 415
1.2, 4, 24 hfiiE Cr. BUN K % (P<0.05 ),

2 344 FnET)E % IFABP, DAO /K - H #
(F£2) HARMAEFATILE, CPR X ART & 751,
2. 4. 24 h i} IFABP. DAO /K VT (P<0.05).,
5 Sham 41 b4, CPRAE 1, 2. 4. 24 h I3k
IFABP. DAO /KF-F+# (P<0.05). 5 CPR 41143,
ART4HE I 1. 2. 4. 24 h Il IFABP. DAQZKF-
TF (P<0.05),

3 SHUERE. MU LI R B
(1, %3)“Sham 41 n] WK &k G, WS
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£ 1 3HEHFUGIMG Cr. BUN K FLILE [x+s/M (IQR) |

215 n Fisf 1] BUN ( mmol/L ) Cr ( wmol/L)
Sham 6 bt ) 7.51+0.39 50.93 (58.45, 62.61)
HH1h 8.09 (7.56, 8.22) 58.64 + 2.96
H92h 7.82 (7.42, 7.90) 60.71 + 3.42
S 4h 7.43 (7.27, 8.18) 60.77 (59.07, 61.61)
Hh 24 h 8.15 (7.62, 8.28) 61.24 (57.82, 61.64)
CPR 6 TSR 7.56 +0.38 57.84 (57.54, 60.16)
EH1h 11.85 (11.63, 11.87) ** 122.39 + 0.69"
I 2h 14.57 (14.44, 14.91) ** 165.31+5.16*"
H4h 17.67 (17.28, 17.82) ** 207.98 (204.27, 209.61) **
S5 24 h 20.49 (19.72, 20.63) ** 245.19 (242.26, 249.82) **
ART 6 Pt i) 7.93+0.37 58.49 (56.06, 60.84)
H71h 9.70 (9.63, 9.70) ** 88.99 + 5.38*4
9 2h 12.06 (11.49, 12.39) *4 130.17 + 7.74%*
S5 4h 13.88 (13.68, 14.62) ** 163.56 ( 160.45, 168.77 ) **
55 24 h 16.40 (16.08, 16.92) *4 192.02 (187.04, 198.14) **

T SARMABBATIAS, "P<0.05; 5 sham AHFEIWIHLA:, “P<0.05; 5 CPR #H[FWMIH A, *P<0.05

R®2 34sWEHREIEILE IFABP, DAO KF-tbE  [X+s/M (IQR) |
st ] IFABP ( pg/mL)

4151

S

DAO (U/mL)

Sham 6 TR 419.62 (404.02, 422.74) 597 (5.23, 6.11)
ZH1h 409.22 (379.76, 437.65) 5.50 (5.47, 5.83)
2 2h 42517 +15.31 5.91+0.53
EJ54h 394.66 (388.08, 406.45) 5.64 +0.43
HJ524h 407.84 +16.43 5.57 (5.34, 5.78)
CPR 6 TR 437.63 (418.24, 447.70) 6.04 (5.83, 6.14)
H91h 551.34 (539.21, 570.76) ** 10.29 (10.23, 10.53) **
HIR2h 655.80 + 8.25% " 13.69 +0.25**
S 4h 758.64 (746.50, 764.53) ** 16.95 + 0.39* 4
524 h 815.25+ 13.37*% 19.39 (19.39, 19.58) **
ART 6 TEASE T 421.70 (417.89, 428.63) 5.69 (5.50, 5.81)
HH1h 514.60 (505.59, 520.49) *4 7.88 (7.36, 8.24) **
H2h 586.24 + 10.66™ 4 10.31 £ 0.46*4
2 4h 654.64 (648.40, 665.04) ** 12.53 +0.81%4
HH 24 h 72443 +12.48"* 14.39 (14.28, 14.59) **

T BAHERET LA, "P<0.05; 5 sham AL, ©P<0.05; 5 CPR AW LE:, *P<0.05

wWednf, HEMMEIEH; CPR 4ln] WAL Fie (4
AN, HAAM KRR T ART A mf WA i
O, B4 CPR AW Wi/, AT L. 5
Sham A 1L #, CPRAY . I 4L 40 i JH T 45 Bt

o

AWESE R &5 Z T, BRI T ART X &2 95
JE RSB A s MR T Z [ R R SRR,

f (P<0.05), 5 CPRA L4, ART 4. a4t
YRR T HE AR (P<0.05),

4 —HHEHREYE. BHL INF-o | IL-18 Kk
Fed: (%'4) 5 Sham 4H H > CPR4Y . i
TNF<a | IL-1B8 &isTHeE (PL0.05), 5 CPR 41 b,
ART 41 | 22 TNF- o IL-1 B AR (P<0:05 ),

ART fEA R FEAR S 7505 FF o O b 75 9 1) AL
WZs MHIE . HR MMM T, SRR AR
P . ART 2t TLAPEUHE 77 A9 16 77 52 2% e e
(PR T ) by, wEREES (e
8 mg/kg HIKTEAF) M= HIER B H (2.4 mg/kg i
Wkt ) AR e ART 224 BrIAHE
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o] o .o
H: AL D435l Sham 41 . A2A4L, B. E 43502 CPR 41 .
TR, C. F o3l ART 41 . IHZHE i Sk Ui b o (L 2 o 94
40

1 SHSYAIE TR 24 h 5. LN ZUA T
(TUNEL, x200)
®3 3HIMEIIEF . AL TR
K (%, M (Q1, Q3) ]

bl n PRI CARE NBASUR IR TR

Sham 6  3.83 (342, 450) 2.83 (2.67, 3.25)
CPR 6 43.67 (4233, 53.75) " 53.67 (51.08, 63.00) *
ART 6 12.33 (10.08, 16.83) “ 14.50 (12.42, 15.83) *

. 5 Sham 41 Lb#, *P<0.05; 5 CPR 41lk#:, “P<0.05

5% ART (4.8mg/kg) 7] J& & B, TEAC AL+
Eiilgs b, AHIESE % 18 5] 2 Wi I U I R A5 e AL
(2T, BEAR I FH PR SRR A & B RO R R 05 — 0%
B 2 R T ARSI PR AT 0 A A, e RRE
B R RE SRR 5 NI KB s A
sy 1Y

B 38 2 ST AN T i Sk B R ) R
A, KB ART A3 6 S ECR P T RAE T, (15 2
PEB 05/ RIS Cr. BUN KEI R R, 353m
B S SE AN F (IL-1. IL-6. TNF-o ), R JE
S5 MIRSEAE Sk . Cr. BUN BRI A IA
BB IhREMibr . ABF7E iR CPR 4158 755 L
i Cr. BUN /KF55 T Sham 41, {H ART 4 1fi i Cr.,
BUN /KX T CPR 41, 1] ART X} ROSC J&5 1 &
PR B A B R E . ART f-37 5 Dy fig
VEF AT B A HIAH DG S E R VAT XK o

IFABP & —Flig i 4s & & 1, 4 iEn s
PESEINES, ESBR A T, R TER A AL
Ry . T UR AU, B R RSB K

ARG, SRS MRS 406 2
e, BEAEE R, RRNFEEKPESRK
IFABP {HEZ MR, UiMAmEMFRE S, W
FOKFEs . DAO J—Fif 2 B T B R AY B Py
fit, HArriEsERM, M3k DAO KEF-r T S5 indl
U E AR SIS T Hik, 1% DAO Ky
TEVERT DARIU IR A, e T Bl i1 I T 234
T PMR A T R R T IR S HA S
KM I Kz 1EC-6 4i it 5t b T e 4 473 w5 v 3,
T NH 1EC-6 4N h R MR Tk, B
P TOLL #3714k 5/ BEAE AL R 7 1 A 7 « B il
PRI L s e, Jf LA R R
HZERA 5, AWFFEH CPR 411 IFABP. DAO 7k
VAESE R )G 24 h J5%: Sham 3w, RE NG
WA ZE AT B 5. 1S5 CPR 41L#, ART 41
I % IFABP. DAO 7K F T~ F%, 368 ART X} ROSC
J& B A EE BRI 05 W A EksE, HER ART £R40 7 iE
DIt HAE I nT RES T IRAHCRIE R -, FRAKHS 240
i3 7 A

TNF-o F1IL-1 3 J& R84 B sl FE S0 30 B R E S
L HLRIFE R 2, ARSI S URER & TNF-o |
IL-1B Fikkill &8, EJ5 24 h 5 CPRAY .
ZURBUR ST 200, 5. AL TNF-o L IL-1B
F3k K MR T AE B0 Sham 4 TR . ART ZH T2
i CPR A1 . MpdH 2 T4 B s/, TNF-« |
IL-1 3 &3k K 20 B 98 1~ 45 B0 CPR 4l R#AX, i i
ART [ figil i i /0 & 95 5 B ER MG AL 2L 50E . [
TRAH LA T KR G VR o (AR AE A A 127K
R EARHUR M ANE RS, AR E .

AHESE R B ART HAG 52 05 )5 B M R 7R H
{151 i N S ] N o i e T T R SR N
AL TR 24 h, ] REFESS AT AF e ™ E A
Faith, Ko T e 0 0 SE B I RO T A ART
FINERS R VE . &8 BTk, AP R ART BER%
RO ERS IS 'S . BThRedehs, I RAEA BT
Ik AR T, SEBT ART b O JIE B 45 F B U 0 g 3
H—E IR ER

4 HADYE . WAL TNF-o 5IL-18 FEILE  [pg/mL, X+sM (Q1, Q3) |

B 41 N EER
213 n
TNF-o IL-18 TNF-o IL1B
Sham 6 146.64 + 11.35 472.38 +51.83 150.23 + 11.39 440.76 (414.81 , 475.60)
CPR 6 624.60 + 17.07" 1617.41 +43.64" 617.64 + 18.41™ 1859.56 (1717.23, 1.88847) ™
ART 6 363.71+24.35% 1027.86 +41.76 > 364.40 £+ 27.69% 1002.64 (988.56 ,.1.021.17) *

TE: 5 Sham 4 M4, *P<0:05; 5 CPR 41H4:, “P<0.05
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