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W OZE. HiY  WER R T B H i (subarachnoid hemorrhage , SAH) Ji5 fixi 6 VR FP AN X Bk — B J4E & 82 ( ADMA) il NO
KV AR, BT ADMA 5 4 5 00 1l 45 22 25 ( cerebral vasospasm, CVS) I CFR o Jiik SR HIML R YR i i i @ a7
SAH J5 I L& R ZE SR AL, 43 5 FARE, RJ5 1.4.7 d 1745 2% 848 75 (transcranial Doppler sonography, TCD) ;2 il
R P B0 I A 00 8, 7 PR B B2 43T i ( ELISA ) RS TR 30 5 v U0 7 S () s [ i ¥ H ADMA T NO Fr i, &

(DSAH J& i #5 i ADMA ¥ 8 0 35 i THE MLATIE H /K- (P <0. 01) RS 4 d KBNS B H T K, M6 b NO /K
SRS 4 d 3280 R 2 IRARME (P <0.01) ; @SAH J& iV B FE 2R FE BB W , ShFK M ER 4 Kb K H G & i, 5
ADMA JR-If A IA— B0 GSAH JS K i ADMA Y A8 (R 3555 RL I Sh bk i 70 BE AL, SAH 5265 4 ﬂuﬁmﬂlﬂ ADMA
W5 NO /K- B HAHIE(r = -0.950,P <0.01) , 5 KL% 20 Ik i, it 28 2 5 2 1EAH G (r =0.953,P <0.01) , &%

SAH FHLJJ]H”"QEJJ&V ST ADMA R385 =3 VARG, SAH J5 I8 Wi ADMA W] i o % 4% NO éli)ﬂi7k¥’§‘?
TIREVER AR R A R AR
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Correlation of cerebral spinal fluid ADMA with subarachnoid hemorrhage and cere-

bral vasospasm in rabbits
HUANG Wei, ZHOU Zheng, LIU Jun, YANG Hui, XIN Zhi-cheng, CHEN Jun-hua, LI Da ( Department of Neurosurgery,
Xingiao Hospital, Third Military Medical University, Chongging 400037, China)

Abstract; Objective To investigate the dynamical changes of asymmetric dimethylarginine (ADMA) and
nitric oxide (NO) in the cerebral spinal fluid ( CSF) after subarachnoid hemorrhage (SAH), and access the
relationship between the concentrations of ADMA and cerebral vasospasm (CVS). Methods An experimental
cerebral vasospasm model was established by twice injections of fresh autologous arterial blood into the cisterna
magna of 32 white rabbits. Another 8 rabbits receiving sham operation served as sham control. The velocity of
basilar artery (BA) was measured by transcranial Doppler( TCD) before the injection and on the 1st, 4th, 7th
day after twice injections. At the same time, the CSF concentrations of ADMA and NO were measured by
ELISA and nitrate reductase method respectively. Results The concentrations of ADMA in CSF was increased
significantly after the injection than that before injection( P <0.01) , and was decreased gradually after reaching
the highest level on the 4th day. However, the trend of NO were quite opposite (P <0.01). The degrees of
CVS became serious after SAH and then was relieved gradually after reaching the peak flow velocity of basilar
artery on the 4th day. The change of the ADMA in the CSF was synchronal with the velocity of basilar artery.
On the 4th day after twice injections, the concentrations of ADMA were correlated negatively with NO level (r =
—-1.829, P<0.01), but positively with the velocity of basilar artery(r =0.863, P <0.01). Conclusion
The degree of cerebral vasospasm after subarachnoid hemorrhage is positively related to the concentration of AD-
MA in cerebral spinal fluid, so measuring the concentrations of ADMA in cerebral spinal fluid after subarach-
noid hemorrhage may be helpful in evaluating the development of delayed cerebral vasospasm.

Key words: subarachnoid hemorrhage; cerebral vasospasm; asymmetric dimethylarginine; nitric oxide;

transcranial Doppler
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H & bk BB R B Il ( subarachnoid hemor-
rhage , SAH) J& ¥ UL (%) i 148 32 A, SAHL Ji5 i ifn A8 e 22
SRR E T AE , H R A AR, R R R B L
BRAMRAEAR  H I ek DO JIEE T Ji oA ) SEL At A5 N
PP A8 & 5K BT NO Y s /b 2 i 1 A5 22 22 (CVS) JE
B E SRR H TR B AR 45U A IR — 4R
HE G U (NOS) S AN KR — 1 HEAE 24 1R (asym-
metric dimethylarginine, ADMA ) 7E 375 NO 7K J7 1 19
Ve B s 5 R L o fE X H A i O P v
VERWEE A il . AWEE B 7E M2 N TP NOS 41
Hil# ADMA 7£ 2 Ui il SAH 2y 6 5 fisg 5 v 4 3=
IR, #RFE ADMA 3K 7K 15 iR if A8 22 22 14 AH
I, oA IS 9 AR 1 A A | R e R ARG — 2 ST
IRy THRAT BRI 1M A8 2R BT R T vk M 2 A A
RIS EEAT

1 #R5F*

1.1 FZXAHRALE

ADMA FRifE I H Sigma 23 7], ADMA ELISA {5 & H
USCN LIFE SCIENCE & TECHNOLOGY /A, NO 371 & W [ 75
TR T AR ST T, 3% [0 BL 2 A0 A5 R 5 =
P& 2B I o 0 SE 56 2= 3241 . Bio-Rad Model 550 fig#RqY,
SR AN AT LAY EE T, EMS-9 22 i (0 23 s WY,
1.2 %z

4 A BUATER 48 H, A = B RSB B B S2 56 3
YRR SR  MEREARS AR BT 2.0 ~2.5 kg, P35 2.2 kg,
BRI SE 5 S0 240 HE A = A I R SR B i 3R 5 AL
FE . SAH 4 32 H fRFARH L IRA% 8 H
1.3 ¥

HLG KR ST 3% G 2N (1 ml/kg) | ZE I 25 il K
i, BUESPKAEDTEE ML 1 ml/ kg, 218 A Sk Kb . Bk
HML 48 h )5, MK VA E R B I 0. 8 ml/kg, b H AE A ik
PEF L O do PR A M= AR BRER K 2 ¥, X IR
HICRFIR AL B
1.4 WHAXE

Ay SIEARFTLL B 2 YW MG 1.4.7 d Gk it 2 ) B3 IR
BHWHFRA 1.5 ml, B TFHEMA 10% 2 — 104 2B 4 (ED-
TA)30 pl FHQAKAEFA0 wl 19RETR S, 75 4 “C AT 4 000 r/min
B0 10 min, 20 FIET —70 C VKA N ARAE . 5B RTRE
BEFERIEKPER, FHRAE4 °C,3 000 r/min .0 5 min,
B WA
1.5 #ml sk

R, TR, ARG 1.4.7 d 1748 2%
('TCD) 000 2 5 J6 30 ik i 37 8, 16 755 98 2R B ) 2 2 i 2008
AR B R A AR BRI « TF R R R Sl b - 4 I3
18 ~32 /s, M N 26. 22 em/s; AR ZE AT, I il st & 2E

W AR, BB AE 26 ~ 38 om/s Z[H] ; H AR AT, SF 3 1
T AT IR 49.20 em/s Lo R FH A T 340 Jir vk R IR 4 928 vk
(ELISA) Il 7 AN [ s R IAF9 f NO T ADMA 48, 433 T4
7 B[] i S 4 A O JEEE 12, IR VS B0 kAT UL S
TI RIS EANET: 6 K RGN AG T SAH Ak 14
Ho
1.6 %itsam

BAGLL x =5 IR, R SPSS 13. 0 G itk (k47 5 52 I 1t
AR T 2553 BT R B IR 2 B AH I BT o

2 #R

2.1 SRR AT A FIK
ARG, SAH 4 LB A N I A I 22 b,
AR BEARIR , 1 3l B s>, Jo B B R R S R, TR T
AR ) BRZH SCI0 SR A, B ACEAR IE
2.2 RERE A A Ak ADMA NO R E E 40
SAH 1 58T AR 4% B AH S ADMA (NO ¥ Bt
BESAGIIFE X (P<0.01), SAH ZJKHERH NO ik
RIGH 1 TETFEFEL, 5 4 REERRALS 528 7. SAH
H A ADMA YR EEWFEAR G 1 RIFIG T, 4 4 Rakst
TH s B 5 B FRE(21.2) .

*1 REAEREEHEEKE RS ADMA RELK
(pmol/L, x £5)

41 n RE1d AR5 4d AR5 74d
EH R 8  0.510.05 0.53 +0.07 0.50 +0.08
BFAA 8 0.53 £0.06 0.48 £0.09 0.50 +0.04
SAH 41 14 0.770.022 1.42 £0.01° 0.91 £0.02°

a: P<0.01, 548 F Rarkix

£2 AREFFEEAREE R NOKREZWL (pmol/L, ¥ 5)

2H 5 n RiE1d ARJ54d ARJE7d
T R 8  54.87+0.95 52.91 +1.68 53.71 £1.24
BFARA 8  53.84x1.34 53.61 +1.01 54.33 +0.44
SAH 41 14 50.48+1.32°  28.08+0.85"  42.41+0.42°

a: P<0.01, 548 F Rarkig

2.3 KRG RE B &R A AR S Bk A ik B 6 R AL

SAH 2] 515 T A 41 45 Bef A ot 5 S 3 Ik o, 37 3 L A 2
HE23E L (P<0.01,%3), SAHAARJG 1.4.7 d RSPk
AT I S B AR R B B e, T 4 d B R, BFARA

e Sk R 2 32 v o ik 0 1, 0 8 A8 AR A Sk
3 AREAREHEZAHRERIBMREENTL
(em/s,x £5)
215 n R 1d A5 4d ARJg7d
TEH T IRZ 8  25.38+1.30 27.14 +2.70 24.65 +3.50
BFARA 8  25.18%1.34 25.24 +1.39 25.20 +1.37
SAH 41 14 36.21+0.65°  63.24+1.20°  40.14 +1.48%

a:P<0.01, 58 F KRaarbix
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A EF AR BARF R4; C: SAHZAKE 1 d; D: SAHZAARE4d; E: SAHARE T d
E1 REARMEASARERNEESENE (HE x100)

Fr s 3

A EFEA; BoRF R4, C: SAHAK)E 4 d
B2 REEHARERDKFEEENE (HE x400)

2.4 RmEFNELER

AR R T ARG A 25+ 5 1E 5 0 B2 JC ) 25 5=
LA BE W TG IS, PR e AR 45 4 S oA 3 TR BT T L, 2
4 858 5 v R8T T JUL 240 i B G ) BT %) 4 i 470 356 Jo ik 371 4% 5
SAH ZARJ5 4 d A L i A58 A 158 A5 3of HR 4 R T2 R 4 089 I, 45
B S , 24 9 1E 5 X HRAE 09 50% (18 1), ‘%% N SAH 40 A
J 4 d PR AN A [RIRR JEE AR TE K, S AN 2 I 5
PR ) HRE i R Y, TR 8 v B TR ST L4 B
SIZEHL(E 2) .
2.5 JmAk ADMA 5 NO KRB &3 Bk f i ik B

o) 8 & P ST

SAH J WA ADMA e J3 748 4k 5 il 1 97 398 5 F) 22 Ak [l
2o ADMA 78 IR ER v B R e, I B 28 B S, SAH 556
4 K ADMA 5 NO i ER B MAHKE (r= -0.950,P <0.01),
5 K ot 34 A B IE ARG (r =0.953,P <0.01)

3 e

i A 92 28 B BIF S AT 24 0 S, (H A2 B 45
UTAF B EERIE SR ], — 289 o AR A DL R Il
FR W IO S T P B RER 52 7 CVS R AR BIL ] Hp ke 35
TAEAD . ZHCEHBEIRRIEN I CVS EZIH
RZTILENE IR (B fih e AR 0 I A R 2R K
R JEBERE R T IR A AT GR, HEDRHL
il AHEAE A 1 TRt — 2 R

TERZIR) CVS . BURIIE SE 4 4% i 3R b, NO B9

B EEC LG8 Z AN, MR R, SAH 5
NO (785 A R (1 NO A5 (14 G 1L 55 45 5K
IHREIE , e X S BN i D fERERE . IR TER NO
T AFAE TS P9 R 40 i N 5 200 i <5 45 4t i v
P 22 ek 2 TR v 1 /U 5 8000+ 78 NOS [ fiEfk
TFAR ., NO % cGMP R i PKC, [ 40 12 14 1Y
Ca’®* Y JiE , i 457 T LAL T A&7 sloR 2 o 1 Sk i i )
B AT T B, S A AT ST B0, X T
MRV L E K, NO & s/ b/ R B Rl se AR
A 1S, Hino 257 i 5oV Ak SAH #75 %& PR, 75 I
AR AR W [B] P K AR i &7 SR AL SZ A, R TR
A2 51 E eNOS 77 A2 1 NO /b . K SAH 5 fiki
HAL) MG LA eNOS fil) 35 1k & 76 AR T A7 7 4
W ARA IR, 6 R SAH J5 7 d LUK KR SAH
J& 3 d BUEEZE LIRSk eNOS B IKAE AR &7
T EL, AEIR A B Il 4 e 28 1) R A H LAY 1 eNOS mRNA
A SRR M TE A AL L ZE IR T Jung 251 MRS W
PIEE eNOS il 4 ADMA 75k W5 s HH i A A
WP AR, il eSS NO i A4 /K - i 1
o FRATHEGT &5 R RIAEIESE, A W ADMA /K F-7E
SAH LR G () 3R I8 AL AEE, s 2 LA 3
55 4RI B W i 1m0V o 5 ) P9 AN DG SR
) G i I R 2 1) R A R JR B A e — B

ADMA iy & H ARG 2R 5% 2k 1 2 1 o o3 Gl
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KR 7N 73 W) Bt , AH X 43 7 BT & 2 202, RE BRI
eNOS | ARG ZIR , NI 52 4 P4 i) NOS By 3 Al A,
FIVBEE I ADMA RE SR 2R e % Y + i8Ik RS,
MNTTBELIET NO [-5 8, AN B AT AT 4 NOS fif {156 5
FHGT AP 0 A B B RS SRR L R
(protein arginine methyl transferase, PRMT) 841k ir
AEEBURY) 1R Z IR AT H B4 i ADMA, —
FAE AR — W L & LK f# B ( dimethylarginine dimeth-
ylaminohydrolase, DDAH ) I 7] 43 5 #h 7K fi# ADMA 0
ADMA [ [RIJE 471 A= 4 B HY K 24 2 ( N-monomethyl-L-
arginine, TL-NMMA) , A it JI 2 192 F1 — F B Jiie /- B3 P B
i, iXJ& ADMA (1 EZACH AR, HATIRN ARSHSE
B BIUESE AR ADMA BB AH A i 45 7 A 04 , R B
BEAIH 10 wmol AYAMEYE ADMA 7] 7 A il A5 . 4
HPSEE T, ADMA GE B 2 4100 i 2 BN 28 145 % 2 1t
JIELHR ) &5 5 SNE , AEAS B TR i 35645 | i0) & 5 S
XRE T NO (N BT IR DI RE 5 N B A &8T5k g
FIARTF o FEARAFST O 4 UE SEAE M N 5256 P SAH 5
S5 2 1Y Ik 10 A8 6T 5T P B0 K S £ IR R 2R T e S
fief1'" . X 5 Furchgott Fll Zawadzki 7€ 1980 4F 5 4%
A 04 PN Bz 3B S IS BT 2 TR FIRLRR 1 sz o7 A — 3,
$E78 SAH J5 928 ML N A7/ eNOS T g R i I 5
K NO A pKF R, HFFEmIESE e SAH 5 R K H
P28 LA X S A SR EE S NO 5038 NO Fir iy s A5 fig
HERFETIRAE S L ARSI L HL, SAH ARG 4 d, kW
JEER 1 HL ADMA JK P8R T A 2H AR R ZH BH (2 15
LAy d5 e L 717 6 3 i it 28 5 e 1y U, ADMA 7
IRV B I RH R 305 T 06 i 3 3 8 1Y) i E AR OG5k
W] ADMA FIHEZ: 538 ki il 8 PR 22 ek 2, 3R]
ADMA J A5 KA NO A= A I 5 I8 e 2R i A —
B, $278 ADMA X} eNOS i P 3 il BE ALk SAH J5
RR M AEREZERIE R, rTRE B EURERN R A8
G i LA 2 M A B B o

YERBUN B D RE 2R T iy FE K K1~ , ADMA B JCH
PN B Dy e Rk ) — > BB RO R . H ETABESE )
FEAE R T MU B B RO SF A AR TP AR 2
R0 )7 A s, % T2t ADMA JKF-7E R
PRI LA LA B R I P KT B R O, AR IF R
RT SAH Ji5 I8 WGP 2R G0 TR SR, 5 TE OO T iR
PRSI, E— 2 BF At o 10 AP 22 1) & LR B, B

Shy i A G 9 2 A B A — A iy B i BE 22 A4
B, IO 0L R 2R R T S I 4 (1 25 W F 5 0 1) A
ESk7/ L e
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