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ABSTRACT Objective To investigate protective effects of Shenfu Injection on kidney injury after
traumatic cardiac arrest in a porcine model. Methods  Totally 21 male domestic pigs were divided into
three groups according to random digit table: Sham operation group(Sham group, n =5), traumatic car-
diac arrest group( TCA group, n =9), and Shenfu Injection group ( SFl group, n =7). The pigs in the Sham
group only experienced tracheal intubation and surgical operation without the process of blood loss and
resuscitation. In the TCA groups,40% estimated blood volume removed at a constant speed, then the
pigs were subjected to 5 min of untreated ventricular fibrillation and 5 min of cardiopulmonary resuscita-
tion (CPR). Coincident with the start of CPR, conventional fluid resuscitation was initiated. SFl was intra-

FEATH . WiEA LR 2 AFFE TR H (No LGF18H150003 ) 5 #1445 26 T B R4 S 23 T 290 H (No. 2018271879)

YEF AL . ﬁﬁ?ljt%‘l:%f%lﬁf%'ﬁf‘*E&%%iﬁEi‘ﬂ/ﬁﬁﬂjﬁ%%iﬁll:i“ﬁﬂ‘?iﬁﬁ(fd'l'l 310009) ; 2. Wi yT.4 W M 7 ol 15 B 2032 R 22 R
(WL 313000) ; 3. WL A AWk AR ERE 22 EAR (T 315400) 5 4. Wil & 5 4T 55— B Be AR 24 R (W77 314000)

WINMEE . 3 7%, Tel: 0571 -87784564, E-mail: z2jzk@zju.edu.cn

DOI: 10.7661/j. cjim. 20190925. 221



vp [ o PR A 4 A 2020 4FE 1 45 40 #4551 3 CJITWM, January 2020, Vol. 40, No. 1 -7 -

venously administered at 5 min after resuscitation additionally in the SFI group. The concentration of cre-
atinine (Cr), blood urea nitrogen (BUN), tumor necrosis TNF-a and IL-6 in serum were measured at
baseline and at 1, 3, 6 and 24 h after resuscitation. After the pigs sacrificed by 20 mL 10% potassium
chloride intravenously via right marginal auricular vein at 24 h after resuscitation, the tissue of kidney
was rapidly obtained for the determination of cell apoptosis by TUNEL and Caspase-3 expression by im-
munohistochemistry. Results  Eight pigs in the TCA group and all pigs in both SFI and Sham group were
successfully resuscitated. Compared with Sham group, the Cr level at 1 h and BUN level at 1, 3, 6 and
24 h in the TCA group were significantly increased (all P <0.05), the TNF-a and IL-6 levels in TCA group
were significantly increased at 3, 6 and 24 h after resuscitation (all P <0.05) ; the kidney apoptosis index
and expression of Caspase-3 were both increased in TCA group at 24 h after resuscitation(all P <0.05).
Compared with TCA group, the BUN level at 3, 6 h in the SFI group were significantly decreased (all P <
0.05); both the TNF-a and IL-6 levels in the SFI group were significantly decreased at 3, 6 and 24 h (all
P <0.05); both the kidney apoptosis index and expression of Caspase-3 in the SFl group were de-
creased, but the difference was not statistically significant (allP >0.05). Conclusion In a porcine model
of traumatic cardiac arrest and resuscitation, early application of SFl can significantly alleviate post-re-

suscitation kidney injury, which may be related to inhibition of systemic inflammatory response and cell

apoptosis.
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YiBE A F RS, A% 3 ~4 A~ H IR (33.1 £3.6)kg.
YA IS SCXK (771)2015 -0005, FT A ks
HEDRIE SR SERO R Sh 28 B 12 h, RERK, AL
T VL K 2 5 2 BE sl ) 18 B S 51 S e (L5
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SR LAY TRAMRA G 8R4 35
20170601) ,Caspase-3 HiifA& . TNF-a ELISA {7 & . IL-
6 ELISA 7 & (3 i il LT AE R A AU A w4

traumatic cardiac arrest; cardiopulmonary resuscitation; kidney injury; Shenfu Injec-

it 3tt5-43 51k 20170205 , 20170409 , 20170508 ) .

3 IERMHEE SREAT .GU W T
B 7 AR LA T S S K B 20 mg/kg FlK R ik
0.2 mg/kgi5 R, 28 4 M0 H- % 5 K P90 193 0 56 T
Ffifla 0.1 g WG, M 2.0 ~4.4 mg/(kg + h)
EFFHE PR JE ISR 1 ng/(kg - h) 4ERFiUR . &
AR 4 4 3 0 VT R BIL 5 O R B R T S R
10 mL/kg, | AR M E 21% , PP K IE JE ( positive
end expiratory pressure, PEEP)3 cm H,O, 31
I A R 2 R R K CO, 43 1 (end-tidal carbon
dioxide, ETCO, )7 35 ~45 mmHg., £Z 5%
PEATSSI RN . B ER A MBS Ik, & A 8F Fast-Cath
S, T A 5 A ) JEE bk B Arrow LB XU
O IDK A, T I R 5 A I S0 e A
HLB , FH 75 R 3 s 25 4 25 0 238 ~26 C . bRt
FARGERG , A M5 245 Besh ik 20 min P 5 3R
L 40% B E . A EIHET R, Y=
WY It HAFR 8 kO 21 20 mmHg DL #0k 175 8,
I Qe ICIRIT B B 5 min, AR5 TR0 i 42 95 (car-
diopulmonary resuscitation, CPR) : A\ T #M# &
FNBk e BhE < L] 30: 2, FRIEFR R IR E 5 ~6 cm |
BK100 ~120 W/4r, F545 5 min, #EIF G P )
RS IR 1 h 518 A 60 % I 25 5 10 S A, SR
1 h 533 Bl i 20% &I 25 & 09 3 4K il . CPR
2.5 miniif, B E IR K 20 ngkg ik i 4, CPR
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5 minff, TERBE S B 150 J HLERER 1 9K, H
o 0 iy B 220 WL W 4 A T 1960 Fi BT i O e B0 ik o
JE, BN A 308 B8k =60 mmHg
FFRFEE4ESE 5 mind BRI A 9628 (return of
spontaneous circulation, ROSC) % %j, ROSC &
PR M4kLE: CPR 2 min FELBREN 1 R, A MWL <
5 Y35 min ik A& ROSC, Wik 5 44 1, ¥ N &2 95 4%
W LI 6 h S S IAIL RS TR R 45 A T, 4
B0 3k S T ARSE M 18 h,

4 FYE XTI YA SR LA
FREN BT A4 (Sham 4, n =5) G5 1E0NE
BEE IR (TCA 4, n=9) IS (SFI 4, n =
7). Hrf Sham 41 R &< gl E M ahFpk e, 1
ANEPIJ I F 8 CPR S5t f2, TCA 44 ik,
Z Wi (ventricular fibrillation, VF) .CPR K & {4 4
(K ) 4t #E . M SFI 417 TCA 4l Heat T
KIRE S min FKTE S S HREE 1.0 mLkg, A5
P mL/kg ) e s ik 4iRr 6 h, H AR S i
PRIGTT M EE Y R AT 0

5 FKrlFEbR Mk

51 HEohui— MG K E g i g
3 W e IR IR E ,ETCO, .0 % (heart rate,
HR) SF¥ 3 ik ( mean arterial pressure, MAP)
A S it R A P A T T i 25 ) T E, WL%¢ 3 4 Bl
/DI S

5.2 IMiEEYIREFEAS  BUILHET 10 min Z 00
1.3.6.24 h REE MK bR AR 4 B 3h A1k 3 i AR
W 11375 WL ( creatinine, Cr) R Z % (blood urea ni-
trogen,BUN) 7K,

5.3 IMiERAERFHER  BUILET 10 min & 75
J51.3.6.24 h RAE MWK bR A F H ELISA ¥ £ I
TNF-o % IL-6 9 I35 e

5.4 TR BI8)E 24 h &4 MH- S
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ZUbRAS , F TUNEL % B 41400) 7 8 F 200 588 T
BEAILIEHL 3 HLET , BOP-SAME, T30 5 €0 B P 4 2
d R A O b B TR (% ) = FHPE AR

SAHAEEL x100% ; S dH 22 g i U1 A 7
200 55 T BEVLZEE 3 S HLET , LU IR P S BAS o
{0k R BH 409, 32 ] Image Proplus B2 1 &
ek M & A O EF oo e 2 R R 4 2 R R -3
(Caspase-3) fH % 235 1) 2 6% & {H (integral
optical density,lOD) , Bt F-{E/F & Caspase-3 i)
FikKFE

6 il # ik RA SPSS 19.0 Ziil-#k {4t
TP, 1T & SR AT IE SR 5, 1E 5 5 A & LA
X x5 ;T BORER A E 2 5 0y 7 25 50, B
TR AR 2H 18] e Bk B R R O 22 00 i, Z2 LR
F Bonferroni . 1509 R LR A X2 k. P <
0.05 NZEFAGIFE L,
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1 KA YR IR — BN O A S K 95 A
(£1) TCA 9 KLHh 8 K&y, SFI A1
Sham ZHH (1 T B A5 4 2 95 . 4 S Y AE 2 95 i
{AH ETCO, 4+ HR .MAP Kz i fi 5 BT i FH A PR I 15
2P ) 22 I gt B X (¥ P >0.05) .

R1 AU BB (X x5 )

At n i ETCO, HR MAP A
: (kg) (mmHg) (bpm) (mmHg) (mg)
Sham 5 35.0£1.6 40+2 86 +12 117 +6 116 £3
TCA 8 32.4£3.9 403 91 22 105 +13 104 £34
SFI 7 32.3+2.3 40+2 87 £15 104 £16 114 £2

2 RUAEINIG Cr.BUN K P& (FK2) 5
Sham Z{1t#:, TCA A5 755 24 h 1ML Cr KV K&
T 5 1.3.6.24 h BUN /K F 18] B 15 (3
P <0.05,P <0.01);5 TCA 41 t%:, SFI & )5
3.6 h BUN 7K°F- W] i FE A1k (#4JP <0.05) , Cr /K F-7E
NG BA PTG H2E R G E X (P >0.05),

3 RAIMIE TNF-a.IL-6 KF I (F£3) 5
Sham £ [t%%, TCA 4 TNF-a.IL-6 K F-AERE TG 1.
3624 h W (P <0.01) ;5 TCA 4l HL#%,
SFI 41 TNF-a\IL-6 /K F-AEE 7535 3 .6 .24 h B B FRAIK
(¥ P<0.05),

K2 FHIMFE Cr . BUN KFEE (x5 )
Cr(pmol/L) BUN(mmol/L)
2H 51 n
BL PR1h PR3 h PR6 h PR 24 h BL PR 1 h PR3 h PR 6 h PR 24 h
Sham 5. 74+3 68 +4 69 11 72 +11 68 +8 2.4 +0.5 2.5+0.4 2.4+0.4 2.5+0.4 2.4 +£0.4
TCA 8 79x7 108 £39 112 +41 116 +52 94 +12~ 3.0+0.9 5.2+2.6" . 5.8+2.6° 6.5+2.1"" 5.8+1.8"
SFI 7 T79+6 82 +12 84 £13 99 +43 88 11 2.4+0.8 3.3+£0.7 3.1+0.6% 3.9+1.0% 4.4+1.2

. BL WIEZE; PR HE IG5 Sham 41[A RS 5 His, *P.<0.05,

*P <0.01;5 TCA 4ifmt s Hhir, P <0.05, 24P <0.01; F [
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£3  HAIMTF TNF-o,IL-6 /KFFLE (pg/mL, X £5 )

TNF- IL-6
451 n
BL PR1 h PR3 h PR6 h PR24 h BL PR1 h PR3 h PR6 h PR24 h
Sham 5 320:14 330 +9 322 +24 322 +16 329 +30 151 =11 158 +8 156 +10 154 £15 161 +21
TCA 8 34499 522 +88** 699 +124** 842+95** 1031 +39** 164 +49 228 +40**  338+60** 408 +46** 41616 "
SFI 7 289164 456 +99 555 +65° 595 +524° 509 +60°~ 137 +31 193 +47 267 +322  288+25% 198 +25%4%

4 HHUEIG 24 h B A0 TR A
(%4,81) TCA KI5 24 h BN =15
Bk Sham 4 1% = (P <0.01) ,Caspase-3 HH
P Z2 7R B B 3% 25 (P < 0. 01) ; SFI 415 41 41 4 jfg
JHT-F8 B M Caspase-3 & M FH ik 10D 5%
TCA AP FRAR, B 25 T ¥ g it 7 & L (HP >
0.05),

R4 KI5 24 h BB AN IE TR LA

(xxs)

AR n KRR (%) Caspase-3 [H% 10D f&
Sham 5 1.4:0.9 0.8£0.2

TCA 8 11.9£4.3"" 4.5+1.2""

SFI 7 10.5+2.8 3.3+0.8

TUNEL

Caspase-3

E:A.D &y Sham 41;B .E 4 TCA 4{;C.F & SFI 4
1 EETAATHAMEM RO (TUNEL, x200) 1
Caspase-3 #jk(SP, x200)

o
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AR A A ZEEL AR B Ak R 7 TR O IR
15 .CPR I3 A EARER AL , LA T SR G Y 11y
BURACIL I RN L , 200 P A5 28 B 3
MR PTG A2 U 240 L T 558 P A BRSON, B S B
SO n ZHEAR D REIR . I3 1 A AR T A5
JaL B, e OO R SR 5 B £ 5 E R R
R ERFERZ " SRR T T2 M,
HIZLZ B R BUY 4R, B U NS K
B3R A, R = [ FH [ 2 DA, 3R 3t
¥, SKka e, 0 H, RTFMRGE , DR doarat” 25 BH <
B AIEAR o AFTEHE ST A3 PR T O SR

(A S I 25 R IS IR SO TCA Z A 1Y
Ak B BAT — AR . T2 45 1K R
1 ZR I gl ik e AT i)V 1 B e o P98 3 T S A 0 A
R AE BRI AT 30 min i 3 2 M S R P AL B
(10 mL/kg) , 7E6k10 1 h FRHE: 6 h K BL SFI 4115
L 2T RN — 1 Feak i AR PEER K 41 B BT
1A R — SR AL R A R K Cr .BUN /K F- 2]
BREAL, HE—250e8E T R FEER K2 B /NS b
B /INER B A0 035 PN B2 440 P ik P S 4 e AR A kA
B B /NR B ERIG B A S A B A ZL A A S i 212
EIHERR, T SFI AR BRI s . 4s 2 5
RCE R e P T T B s bt B R E L R S
HAr A R 1 2, SAMF RS R h—8. it—20
Mol eSS MR A 25 BV E A OC, R 2y iR
SRy R DR A B I 8 0 i) 984, AT 40 2 B 3 55
WoE R TCA B985 1 B R 1K, 9 BB 30H
Bk B e FE AL A, 32 B A SR BL E  BTR SRE
73, NI 52 75 5 B 4503, A2 E B DR iR & . RAE
FNAFEAEAE T O 2R ], B IL-6 .IL-10 \TNF-o
FRIEN TS B I IG Z 28 D) RE v 25 A AE 1 fE EE A
FERYIMSE T IL-6 fE—F BN T, 2
GoE VA T R0 4 1k BN A EE B AN R . ARHIE I kB
TNF-a IL-6 PP EE LR A BT, 45 R L B8 TCA 4t
HF BRI 955, TNF-o A1 IL-6 7K FRsl |- A If 5t 2
K IHIG 24 h ARRTEQI MO E BRI 5 9 G, MRS AE
PR Y SAE SV, 1 2 ML R TNF-o Fil IL- 6 7K P45
TCA HAEE 75 ) W AR, 3 7R S B i A 2 1 &
WA SRR MR I BRGS0 S . R NI BF S
N FEREEEIE B v 0 2 R SV R 18 B S 41 o o
HF TNF-o IL-6 2 53535, B I 2 E 2§ DI RE IR L5 &
IR SR B Wu WD 7 U st FL o FLAT
Y FEIERRERERT T, NSRS T, 8 h
JE LB, K BRIE AL A2 S BRI e R 40 A A
THEB BT 1 Bel —2 B B0, 1fE TNF-
o W SE RAAIG, EL o) ek ) S B SRV LA S SR Y AR P 4K
I, $27 2 A SR A B 3 1] eSS I R LIAR R0
1 SR AT A 55, Zhang Q %1 7E5% CA/CPR
iRl 7522177 8 min % 8i.2 min CPR Jg, i 2 [t
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TSR0, A B SFI S B RR2H A BRE K 45
PRI IL-6 .IL-8 F1 TNF-o B WA, Pt 24 i IL4
FIL-10 B &3 i, HoAMA C3.C4 il C5B -9 fH L
HH 8 BTG TE B S IR SR RE A I B 3 5 LR R 5
IS RN 145

SO IR IRASE 52 5 S 4 B e I P9 3 908 405 1 R R O
2, TR T e R R A Y AL 2 — 2
FE R A R R AR G PSR Caspase-3 7E) 3l
T RFHECHEMEH, Caspase-3 HEHIEMEIAN
REAS— R b B R A TR T . AR ST 4
RSB SR AR BT B % TCA & 955 1 41 i
1= SHHEFR I 2R NS B RES 4R &0 L
Wi 7, 3o HE i &, F FLAE RS IR R A R B,
I L 4 P R T el PR T B A O A I ik, DA
T S0 A2 73 i 11 Y P L P S 403 40, 2R B0 kg 4 A 1
W%, Zhang MY 2" 75 5% CA/ICPR 1 i FH 2 it
SR, X BAEE IR )5 6 h 1) il A 20 it 0 T 48 SO
Caspase-3 & 18 A BRER /K 41 W B F&AR, Pid - A
Bal-2 i AL fL . Na*-K*-ATP fifi #l Ca*"-
ATP FitF k3G 0, TiF B 2 B S V0 30 3 a2 M U 1 4
AT g e AR R B AL AR R E IR R Y
P05 o E 2 B SRV A 200 R T A AR B A v N
T AR — IR A . 45 BT 7Ess 0 b
SO EBR A= A2 SRR A8 v, LI 1 2 R B T R A I
MR I E W B . L T e S R SR AE IR
N B AR T K

PRI,
s % x wt
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