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iINOS induces apoptosis via p-BAD dephosphorylation during spinal cord ischemia-
reperfusion injury
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[Abstract] Obijective:To investigate the mechanism of iNOS in ischemia-reperfusion injury of rat spinal cord. Methods: Forty-two
Sprague-Dawley rats were randomly divided into three different groups; Sham-operated group (n = 6),ischemia-reperfusion group (I/
R,n = 18),and iNOS inhibitor group (I/R + AG,n = 18). In sham-operated group,peritoneotomy was performed without abdominal
aortic cross-clamping (AACC) ,however,rats in I/R group and iNOS inhibitor group experienced 1 h AACC followed by 6 h,12 h,24
h reperfusion, respectively. After operation,rats in sham-operated and 1/R group received an intraperitoneal injection of the carrier
solutions (5 ml/kg of 5% DMSO),while rats in iNOS inhibitor groups received the treatment of AG at the dose of 150 mg/kg (i.p.).
We examined the neurological motor function using ‘Tarlov’s score’ at 6 h,12 h and 24 h,alterations of spinal cord neurons
morphologically by transmission electron microscopy (TEM). Immunofluerescent staining with anti-NeuN,a specific marker for
neurons, was performed to observe the number of surviving neurons in different conditions. The level of iNOS,BAD,p-BAD, 14-3-3,
and cytochrome C were detected by Western blot;the interaction of BAD and 14-3 -3 was determined by coimmunoprecipitation
analysis. Results; (DThe motor functions of the hind limbs of the sham-operated rats were normal. Rats in ischemia-reperfusion group

were observed with significant reduce on hind limb movements (P < 0.05) in every reperfusion time compared to those in inhibitor
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group. @The number of NeuN-positive cells (surviving neurons) in I/R group and iNOS inhibitor group was less than that in sham-
operated group,while the number in iNOS inhibitor group was more than that in I/R group (P < 0.05). @ 1In the sham-operated
group,no apoptotic neuron was noted. In ischemia-reperfusion group and iNOS inhibitor group,numerous apoptotic neurons could be
detected. However the severity of apoptotic neuron in inhibitor group was less than that in I/R group. @In the sham-operated group,
iNOS was hardly detected at an extremely low level and was increased in a time-dependent manner in I/R group and iNOS inhibitor
group, but the expression of iNOS in iNOS inhibitor group was lower than that in I/R group at each reperfusion time (6 h,12 h,24 h)
(P < 0.05). Simultaneously,the change of cytochrome C was the same as the iNOS expression mode. In addition, the expression of p-
BAD started to decrease at 6 h and decrease remarkably at 12 h,24 h in I/R group and iNOS inhibitor group,but the extent of de-
crease of p-BAD expression in iNOS inhibitor group was lower than that in I/R group (P < 0.05). @In I/R group,the level of p-
BAD/14-3-3 dimerization began to decrease since the reperfusion process started. However in the iNOS inhibitor group,the trend

was alleviated by AG treatment(P < 0.05). Conclusion:iNOS inducing apoptosis of neurons in spinal cord ischemia-reperfusion injury

is involved in dephosphorylating BAD, and it can lessen spinal neurons apoptosis by inhibiting the activity of iNOS.
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Figure 1 Motor function evaluated by Tarlov’s criteria
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Figure 2 Immunofluorescence analysis of anti-NeuN after spinal cord reperfusion(x50)
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Figure 3 Ultrastructural analysis of spinal nerons by transmission microscopy
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Figure 5 The association of p-BAD and 14-3-3 in reperfusion
of ischemic spinal cord in different ischemia/reper-

fusion groups

15 min PRI AT DL S 3 RE R 22T il I T2
WU T A TT A I 1 AR 38 B R A ki F)
JH BRI, AN LT S tE i T X
P )RR T HARHLHIAT 75 22— 20 i B
L, NO Fl NOS 785l i -3 1 4340 7 1 B4
FSIET AMTEE, NO Al 7ERs e il T~
S A MTEIEA BT, AT NO ZEBR I PR3 4
AR E EEAER . NOS /EAA A NO [HBR
fitf, A2 R AR, Hamada 5422 28
1 iNOS F=A: 19 NO EZA 5 T B BB i F e i
TR A 5, (HELARBIL] ANV 4 |
EARWIIE, 25 K IUVE BRI FEE R S
HT EROE SO RERERT, S T R 2 AR
b BT Ning 5132435 I iR 1B 45 3 A — 350 T 2
FENTRT B 5 i3t KRS B2 sh I, $ i pashas
YAFIG R, X R INOS 25 T Bl FETEN T
BREARL AN . FATRE A A 5T 22 WA B e 1
VG AT MAPK {5 588, MG Zob ikt
AR T AT, R INOS BT
PR B BEA AT, 7 iNOS TR
HHE TR TR X R INOS 7R Rk
M FE AR P S , A5 T i T,
BAD SRJET Bel-2 HIGMRMT-HE AL, 2
TERARR R T R EEE A, HAR R T R R

I R LIS R 0 e, 7R
HIEAT ,BAD EZ DB ILIE XS 14-3-3 454
R HAAAE TR BT 2 AR BB E TER
FEBREG I P B AR P BAD W] g AR 1L
BE, SEULE 14-3-3 456 J1FM%, 9 BAD/14-3-
3 TRIRRE, MIMRMH Cyto C MERABIATE I M
K IESRRIE RN F AT, AT, &
B iINOS 16 PEIS A [RIE, p-BAD Zeik 7K -tz i %
i, IR BAD 5 14-3-3 Z#iff e A (6 & C £k
HINVAREIN, R EEITEA S INOS 1E 2 1 [F]H A,
$En T p-BAD FAAKF-, #HI T BAD 5 14-3-3 1y
fif S BRI T Cyto C YA R, XFRIMEINMUAL AT
] INOS FiE 1, B T BAD AOTEYE i T
ARG PR AR R A R T

ZE LR, AMIEIAAE T ARSI
PR INOS 2 55 B8 ph 2 40 M T~ B AL
R BRI 343G BAD, {2 {ff BAD/14-3-3 —R{Af#
B, TR Cyto C, Lk A/ S a9 240
MPAT, SORIGIRIA YT A SRS P B At T
BRI 7 (R R FE G R 2 R
S IR LA R R A B AR, LRI
W HSE , INOS SEp 2 AN IE - i HARAL
il e Z MU EL AR ) i e R4 Ve A T B

(S 30k ]

[1] Crawford ES,Rubio PA. Reappraisal of adjuncts to avoid
ischemia in the treatment of aneurysms of descending
thoracic aorta [J]. J Thorac Cardiovasc Surg,1973,66
(5):693-704

[2] Zhang Q,Huang C,Meng B,et al. Acute effect of ghrelin
on ischemia/reperfusion injury in the rat spinal cord [J].
Int J Mol Sci,2012,13(8):9864-9876

[3] Wei T,Chen C,Hou J,et al. Nitric oxide damages neu-
ronal mitochondria and induces apoptosis in neurons[J].
Chin Sci Bull,2000,45(5) :422-426

[4] Hamada Y,lkata T,Katoh S,et al. Roles of nitric oxide in
compression injury of rat spinal cord [J]. Free Radic Biol
Med,1996,20(1).1-9

[5] Kamada H,Nito C,Endo H,et al. Bad as a converging
signaling molecule between survival PI3-K/Akt and death
JNK in neurons after transient focal cerebral ischemia in
rats [J]. J Cereb Blood Flow Metab,2007,27 (3):521-
533

[6] Fan J,Xu G,Nagel DJ,et al. A model of ischemia and
reperfusion increases JNK activity, inhibits the association

of BAD and 14 -3 -3,and induces apoptosis of rabbit



55 33 B4 9 ]

201349 A o}

FEAE Bl I P HEVE R A4 INOS i iTE BAD 5 kB ST

+1179-

(7]

(8]

(9]

[10]

[11]

[12]

[13]

spinal neurocytes[J]. Neurosci Lett,2010,473(3):196—
201

Zivin JA,DeGirolami U. Spinal cord infarction:a highly
reproducible stroke model[]J]. Stroke,1980,11(2):200-
202

HaoW,Wu XQ, Xu RT,et al. The molecular mechanism
of aminoguanidine-mediated reduction on the brain ede-
ma after surgical brain injury in rats [J]. Brain Res,
2009, 1282.156-161

Rivlin AS,Tator CH. Objective clinical assessment of mo-
tor function after experimental spinal cord injury in the rat
[J]. J Neurosurg,1977,47(4) .577-581

Cheng B,Wang W,Lin L,et al. The change of the spinal
cord ischemia-reperfusion injury in mitochondrial pass-
way and the effect of the Ginkgo biloba extract’s precon-
ditioning intervention [J]. Cell Mol Neurobiol,2011,31
(3):415-420

Savas S,Delibas N,Savas C,et al. Pentoxifylline reduces
biochemical markers of ischemia-reperfusion induced
spinal cord injury in rabbits[J]. Spinal Cord,2002,40(5):
224-229

Diaz-Ruiz A, Ibarra A,Perez-Severiano F,et al. Constitu-
tive and inducible nitric oxide synthase activities after
spinal cord contusion in rats[J]. Neurosci Lett,2002,319
(3):129-132

Ning N, Dang X,Bai C, et al. Panax notoginsenoside pro-
duces neuroprotective effects in rat model of acute spinal
cord ischemia-reperfusion injury [J]. J Ethnopharmacol,

2012,139(2).504-512

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Yang C,Ren Y,Liu F,et al. Ischemic preconditioning
suppresses apoptosis of rabbit spinal neurocytes by in-
hibiting ASK1-14-3-3 dissociation [J]. Neurosci Lett,
2008,441(3):267-271
Wang P,Cao X,Nagel DJ, et al. Activation of ASK1 dur-
ing reperfusion of ischemic spinal cord [J]. Neurosci
Lett,2007,415(3) ; 243-252
B, ) B BRE 5,4 GITI Al ERK1/2 7E4H
R L PR 5 AR T RO B FE (D). e R
S (1SRRI, 2008, 28(4) : S08-512
Davis RJ. Signal transduction by the JNK group of MAP
kinases[J]. Cell,2000,103(2):239-252
Hsu SY, Kaipia A,Zhu L,Kandel ES, Cross TK, et al. In-
terference of BAD (Bcl-xL/Bcl-2-associated death pro-
moter)-induced apoptosis in mammalian cells by 14-3-3
isoforms and P11 [J]. Mol Endocrinol,1997,11 (12):
1858-1867
Kennedy SG,Kandel ES,Cross TK, et al. Akt/Protein ki-
nase B inhibits cell death by preventing the release of
cytochrome ¢ from mitochondria [J]. Mol Cell Biol,
1999,19(8):5800-5810
Scheid MP,Schubert KM, Duronio V. Regulation of bad
phosphorylation and association with Bel-x (L) by the
MAPK/Erk kinase [J]. J Biol Chem,1999,274 (43).
31108-31113
Zamzami N,Kroemer G. The mitochondrion in apoptosis:
how Pandora’s box opens [J]. Nat Rev Mol Cell Biol,
2001,2(1):67-71

(WFmEH] 2013-04-27



