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Changes of mitochondrial apoptosis in spinal cord ischemia-reperfusion
injury and the effects of Herba Erigerontis Breviscapi Injection
preconditioning intervention in rabbits
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Objective; To investigate the mechanisms of mitochondrial apoptosis in spinal cord ischemia-reperfusion injury
and the effects of Herba Erigerontis Breviscapi Injection preconditioning intervention.

Methods: Sixty Japanese rabbits were divided into sham-operated group, ischemia group, ischemia-
reperfusion group (1, 6, 24 and 48 h), and Herba Erigerontis Breviscapi Injection group (1, 6, 24 and 48 h).
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Clamping the abdominal aorta was used to construct the rabbit model of spinal cord ischemia-reperfusion
injury. The rabbits in the ischemia-reperfusion group and the Herba Erigerontis Breviscapi Injection group
underwent reperfusion for 1, 6, 24, 48 h respectively after fifty-minute ischemia. The rabbits in the Herba
Erigerontis Breviscapi Injection group were administered with Herba Erigerontis Breviscapi Injection at
9 mg/kg 30 minutes before ischemia. Rate of apoptotic cells was measured by flow cytometry; contents of
caspase-9 and apoptosis-inducing factor (AIF) in cytoplasm and serum were measured by enzyme-linked
immunosorbent assay.

Results: Compared with the sham-operated group and the ischemia group, the rates of apoptotic cells, the
contents of caspase-9 and AIF in cytoplasm were increased at all time points after reperfusion, and the
contents of caspase-9 and AlF in serum were decreased after 1 h and 6 h reperfusion, and increased after
24 h and 48 h reperfusion in the ischemia-reperfusion group. Herba Erigerontis Breviscapi Injection
intervention could decrease the rate of apoptotic cells and the contents of caspase-9 and AIF in cytoplasm and
serum as compared with those in the ischemia-reperfusion group, and the effects appeared after 1 h
reperfusion.

Conclusion: The apoptosis of nerve cells after spinal cord ischemia-reperfusion is related to the mitochondrial
pathways. Herba Erigerontis Breviscapi Injection can inhibit nerve cell apoptosis by decreasing the contents
of caspase-9 and AIF in cytoplasm and serum.
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Figure 1 Rates of apoptosis of nerve cells in spinal cord measured by flow cytometry

A: Sham-operated group; B: Ischemia group; C: Ischemia-reperfusion group, 1 h reperfusion; D: Ischemia-reperfusion group,'6 h reperfu-

sion; E; Ischemia-reperfusion group, 24 h reperfusion; F: Ischemia-reperfusion group, 48 h reperfusion; G: Herba Erigerontis Breviscapi In-

jection group. 1 h reperfusion; H: Herba Erigerontis Breviscapi Injection group, 6 h reperfusion; I: Herba Erigerontis Breviscapi Injection

group, 24 h reperfusion; J: Herba Erigerontis Breviscapi Injection group, 48 h reperfusion,
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Table 1 Rates of apoptosis of nerve cells in spinal cord
(Txs5. %)
Group Time n Normal cells Apoptotic cells
Sham-operated 5 81.724+1.51 17.24+1. 30
Ischemia 50 min 6 48.60+1.92* 42,82%1.44"
Ischemia-reperfusion 1h 6 38.53+2, 184 57.34+£1.95*2
6 h 6 23.41+1.64*4 70.52+1,93*4
24 h 6 14,9740,53*4 81.034+0.47*2
48 h 6 32.87+1.18*4 64,041,694
Herba Erigerontis Breviscapi Injection 1h 6 45,3810, 964 45.85+1. 144
6h 6 30.5010. 744 65,3211, 444
24h 6 27,89+ 1. 854 64.33+0.504
18 h 6 46.67£1. 304 41,47 £1. 194

* P <0. 05, uvs sham-operated group; £ P <C0. 05, vs ischemia group; & P <{0. 05, v ischemia-reperfusion group.

2.2 A KA fiFF AIF 5 caspase-9 K-F i
MAHMEH AIF i caspase-d KF5BFARALL
B.EREGEHFENL, BHEEE, G &% EHA
HaF s AIF # caspase-9 KA &, FTHEE 6 h )G
BER. IEHEASHRETHML BEER A
MR AIF f caspase-9 7K F FB#,6.24 F1 48 h BF £

BERARITFEN(P<0.05), BEEHANE
 AIF i caspase-9 KFETFHETE 1 h f 6 h &k
MmATFHECP <0.05), FTHEF 24 hBHEFS.F
48 h Bt ThE, SHMEHUMIL ITRAFHMEP
AIF 1 caspase-9 /K TF & ( P <0.05), 7+ B 24
K48 h THREERAHE. WL 2. '

£2 HHMEMRANMES AIF 5 caspase-9 &

Table 2 Contents of AIF and caspase-9 in cytoplasm of spinal cord and serum

(xxs)
. . Cytoplasm Serum
Group Time n =
AIF (ng/1.) Caspase-9 (ug/L) AJF (ng/L) Caspase-9 (ug/L.)
Sham-operated 5 211.21%10. 84 1.9240.16 788.52+23. 87 3.9540.20
Ischemia 50 min 6 242.111+16. 49 2.38+0.36 1057.85+58.85* 8.40%0.15*
Ischemia-reperfusion 1h 6 350.93+16.86*2 4.30+40.29"5 863.29+15, 838 5,694+0,34°2
6h 6 731.72+15.50"2 5.57%0.28*4 931.16+19.21*4 6.38+0.39"2
24 h 6 540, 38£8. 64" 4 5.31+0.37*4 1 606.99+40.92*4 9.314+0.18*4
i X , L. 48 h 6 344,76+20.65*4 4,05%0,25° 2 1 157, 64128.88 4 8.41%0,15*
Herba Erigerontis Breviscapi Injec-
) 1h 6 339.501+20. 54 3.35+0.144 802.24+17.62 4,77+0. 114
tion 6 h 6 449.01123, 754 3.81%0.214 800, 08 18, 634 5.01%0, 274
24 h 6 392.941+14. 474 3.51% 0.284 920.19+29. 944 6.3310.394
48 h 6 296.9118, 184 3.06£0, 244 809. 06 124, 024 5.36+0.174

* P <0. 05, us sham-operated group; £ P <0.05, ws ischemia group; 4 P <C0. 05, us ischemia-reperfusion group.
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K5 B R B Ja) 2 B [ #9 R caspase IR BiE A,
MM E C(ceytochrome C, CytC), % 2 F & HL

1R TR B /RS S TAP HE4 6 E H (sec-
ond mitochondria-derived activator of caspases/
direct IAP-binding protein with low PI, Smac/
DIABLO) ; & 9 & 3E caspase K B &, in AIF, ¥
i N Y] 8 G (endonuclease G, EndoG); K KA
caspase H & F1 AE K w1, fn 2 B 8 H B (OMI/
HirA2) S E T &4 . CytC fl Smac/ DIABLOY
S F B iE caspase-9 HEM K i& caspase-3, B J5 il i
DNA #B§ % 5 SUA 1=, AIF 1 EndoG W) & 82 3 A
Mz S BT . M OMI/HtrA2 i§ it caspase #k #fi
FIE caspase IKHI N ERBEERHT.
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1(apoptotic protease activating factor-1, Apaf-1) i
RIS Apaf-1 @3 HE Em AT e E MR &
E1B# 9 (procaspase-9) i T RE Bl X 45 & , M T & AL 1A
TE &K B8 H B iE caspase-3, # i J3 3 caspase
RN, FBF =, AT, caspase-9 B At F LR
R RZRNXER. & CytC/Apaf-l F FHLR
g, X a4 &S T H & A (X-linked
inhibitor of apoptosis, XIAP) i@ it H #F R 7% # IAP
#HE F¥) 3(baculovirus IAP repeat 3, BIR3) %5 #
W% Y5 caspase-9 B JE # 75 A M H, M Smac/
DIABLO# & #1. 5 XIAP fy BIR2.BIR3 1k A, B %
Bk T XIAP X} caspase-9 B 30 % R Wi, /& # T
caspase-9 B ¥ 1§ & LLJ5 B9 caspase-3 ¥ 1§ 1 A
MY, AIF 4 FRRENE AR ESE XA
BT.ZRETF _HR-BERGE 1 3 ERIERT
RE ARG ATF BB, AIF MEBLIA B L
FH 5L F 40 MR L fE 7 DNA W] 885 EndoG tHh F
PR GO TEE R DNA BB, 5B A KM caspase
MAR R T-07 , OMI/HierA2 piy 801 B B A 40
FRETETEAIEEEH T  H— @ EHE
H ) reaper HEEF 5 XIAP # BIR2,BIR3 4&5#
WG A EELRAE AT XIAP X
caspase-3.-7 Oy M R AW T & A K=, @
HESWeEREOKRERFEAT.

LRI, MG AR R T RE T,
BEXFELE., Bifi)5MiES AIF # caspase-9 I§
W, EEEER 1 b BP R H B 47 B s T
JEekgEE N, 24 h BAH — g, B0 S 905 P
AIF f caspase-9 A K, BEF G M,.6 h ik
H%, H M =% 5 AIF #i caspase-9 #7%E 1L B [
XM, RAHESnNEEESKEEATEREA
—EHIRREEDLFLE 48 h,

B A, Sl R G A TR, AL B R B
B, EFE AR M ARG TR, #
ZHMEARPEESERNDMZELD, ELFR
L P HP X o 5 L ) P O AL 4 o AR IR YT, R
HERMN A RER B T RBIERRK.
HRMFREALEHERETFH EEEEHS
BOoRFESEMSmHERE. Ef lSEMES
2 f R I R PR L T B O R A L4, 3 BR L
EERGAERPERS, ALK R & BB M AT
R HMEA U AREATR,1 h NEEE
FA AL BT LAV 2 240 M5 o #0 0f 75 R ATF 71 caspase-9
WE.7E6 h AREAEM. HUTHMF T Em
WL B R R M HIH .

BZ HMBRNAEERGSHEBRBTN
KRR RA R F WK B R MR BRI
FER, XMERTSIE2GMRHHEL. TH
¥ @AW AIF Fl caspase-9 [ Uk B i & 1| xf #
BRI R
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