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Effects of NG-monomethyl-L-arginine and L-arginine on
cerebral hemodynamics and energy metabolism during
reoxygenation-reperfusion after
cerebral hypoxia-ischemia in newborn piglets

Sun Young Ko, M.D., Saem Kang®, Yun Sil Chang, m.D.F
Eun Ae Park, M.D." and Won Soon Park, m.D.F

Department of Pediatrics, Samsung Cheil Hospital, Sungkyunkwan University School of Medicine,
Samsung Biomedical Institute’, Department of Pediatrics, College of Medicine,
Ewha Womans University T, Department of Pediatrics, Samsung Medical Center"",
Sungkyunkwan University School of Medicine, Seoul, Korea

Purpose : This study was carried out to elucidate the effects of nitric oxide synthase(NOS) inhib-
itor, NG-monomethyl-L-arginine(L-NMMA) and nitric oxide precursor, L-arginine(L-Arg) on cere-
bral hemodynamics and energy metabolism during reoxygenation-reperfusion(RR) after hypoxia—
ischemia(HI) in newborn piglets.

Methods : Twenty-eight newborn piglets were divided into 4 groups; Sham normal control(NC),
experimental control(EC), L-NMMA(HI & RR with L-NMMA), and L-Arg(HI & RR with L-Arg)
groups. HI was induced by occlusion of bilateral common carotid arteries and simultaneously breath-
ing with 8 percent oxygen for 30 mins, and followed RR by release of carotid occlusion and normoxic
ventilation for one hour. All groups were monitored with cerebral hemodynamics and cytochrome aas
(Cyt aas) using near infrared spectroscopy(NIRS). Na™, K'~ATPase activity, lipid peroxidation pro-
ducts, and tissue high energy phosphate levels were determined biochemically in the cerebral cortex.
Results : In experimental groups, mean arterial blood pressure, PaO,, and pH decreased, and base
excess and blood lactate level increased after HI compared to NC group(P<0.05). These variables
subsequently returned to baseline after RR except pH. There were no differences among the experi-
mental groups. In NIRS, oxidized hemoglobin(HbO:) decreased and hemoglobin(Hb) increased during
HI(P<0.05) but returned to base line immediately after RR; 40 min after RR, the HbO: had de-
creased significantly compared to NC group(P<0.05). Changes of Cyt aas decreased significantly
compared to NC after HI and recovered at the end of the experiment. Significantly reduced cerebral
cortical cell membrane Na', K -ATPase activity and increased lipid peroxidation products(P<0.05)
were not improved with L-NMMA or L-Arg.

Conclusion : These findings suggest that NO is not involved in the mechanism of HI and RR brain
damage during the early acute phase of RR. (Korean J Pediatr 2006;49:317-325)
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mmHg A =5 Z43s3ih
M 2 qEE Sy gulo] 917 35 mm ZEvd JFHEHE A<
1 unit 411 0.9% A2l A495E 1 mL/

Az Ao}l g 9 k7] Bl FRA wdow B3s  hrd £EE ARFAIIL ol S WEVI(Hewlett Packard
I T TAbel olsk AataA HEA HEede = AbgE Model M1276A, Hewlett Packard Co., MA, USA)Z AZA|
7 wAdupn], A XA s}, daAE S Ao So] Aztet A ALHoR AFHchs AU AUHE E9 45 ug/
NATA FHES Hol: Fad Yoot aey Aol kg/hrel fentanyld 7 10% E=T §4E 3 mL/hrol &=
Az B8 HEeide oTe A E marAe X7 W 2 TSItk FH9E A AdAAY dP88 HEF L 30
dol Fyso] A dom Wy wy JH 2 A ¥ W F AM-ARF 1A Fol AAlste] eUd dba 2
£ NAE o uhEA QA ) olatsteka ¢ pH, X9, ZAAAE SA AT

ARl Ak P HEdolR E9 d Ee 2y 3A ARt HF Al AA(Hewlett Packard Model M1276A,
Sote] x4 88 (hypoxia-ischemia, HD)©o] dojubi, 413  Hewlett Packard Co., MA, USA)E ol&dt] Ad= 24 ¥
2o o8] AAtA- A #F(reoxygentaion-reperfusion, RR) 8= & AHHoE ZASAH. 4WA A5 -m—]ﬂ]}ﬂ i
Ho] A4 7150 FEEE RN BAsME ot wp AFHE TElste] 43 409 A= dolwldrh 4% il A=
A HEAe AR HBE Hote] wAEe M Axt 2 FEUW O ¥ AE 2k 2dHE Aok ZRYI(ALr-
A-ABFE A7) 2706 WAlElE Wi HEal & 4 Alzke] chields Inc., Harboro, PA, USA) ol#fellA & A5 38.0-
A el FEI] o]Fo| vpElbE M) 3uAle]l AAA 7 39.0CE FASFATH(ERY AEe] AL 385E£0.67).
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Aakad P8 HE FL 5EF A AdaA S8, Al
M- AR Fol M2AelA nitric oxide(NO)S| o] Z715 AR AE 28Rkl E FASE 47om Eich 29 e
= gow add QoY gy NO wiAl A E=Ae Zoly Fig. 1o EASEIT v, /lE @] B B Abvks dAlst
= A% nitric oxide synthase(NOS) SJAAE Fojgt Ay 2 TEH AA F 302 AR £ FE(sham sur-
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9 ASo] BusHw 9} ¥ Sadoshima S0 NO A4 w/1E AESEA S AZIRE AA = A dHoR selt
AT+E4Q L-arginine(L- Arg)ol HERF Ags gaAA HE A dEzT =AM = s AR Ada SR s
a2 2702 o dux AR AT Bastgr. 8 TE 30w Foll Akia-ARRAA 1A Fe sl

olo H AFRSL AAaA FEA WA B 27] A L-NMMA(1n=6)# L-Argw(n=6)°14+< HI F% 30% +
ABE Eokel] glolA NO9| 98-S ety 9Jahe], Ak RR AAdel 7t7F L-NMMA 30 mg/kg, L-Arg 300 mg/kgE
o] frimg A A=A A AT St NOS A
¢l NG-monomethyl-L-arginine(L-NMMA)¢ NO A4 A4 | Stabiivation ” ” ” . |
249 L-ArgS Foldtel NO A4S oA 3 219 52
st ¥e) @eiotd 2 oluA WalE AW NOH M @efdt towmn T wome T e ‘
“ﬂ;‘ oﬂ yA EH/\]—OH ]i]l‘f R ]_ojr/} Surgery glllddllr‘ldl;lrllg(dldég:gd EPNLMilf]OGE]éll:EII:;IV‘ Brain harves

CHAF 3 Higd '{f_g} (—Sham surgery = i
EC , Lo RR .
1. 48 S8 4 22" AR N=7)
L-NMMA Hi RR

AR AEAF 12-15 kg) (n=s) | : § .
A AR F AN eHE Lt C h L N’I"‘M’“ .
3 5 g/kg ] thiopentale A3, 1% lidocanel & =4 (N=6) ¢

[e]
L e
A & 713 ARE AT 0.1 mg/kg®l pancuronium o

bromideE AFsle] A7l E o8 A 7] (Sechrist Fig. 1. Diagram of experimental protocol. HI:hypoxia-ische-
. . mia, RR: reoxygenatmn reperfusion, L-NMMA : N°~monometh-

Infant Ventilator, IV-100B, Sechrist Industries Co., Ana- yl-L-arginine, L-Arg:L-arginine, NC:normal control group
heim, CA, USA)S.Z QT 372 A7|dA, E7)4 By 2 (Sham surgery group), EC:experimental control group, L-
) ° . 171 »1 H I e NMMA : experimental L-NMMA group, L-Arg :experimental

A& Y2 50-80 mmHg, &9d otsteba #92 35-45  L-arginine group.
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4. Near Infrared Spectroscopy(NIRS)

NIRS+= NIR 500(Hamamatsu Photonics KK, Hammatus,
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Na®, K"'~ATPase @4 %= ouabain®le] 4% oA ou
abain A= SAHE #el AolZ &S Conjugated dienes
+ Recknagel@} Glendel 2.2 Z43}9th Adenosine triphos-
phage(ATP), phosphocreatine(PCr) %% Lamprecht 5'%9]

WS o] 83 coupled enzyme assay® TFAth

6. EAEN 2

Aibe FuEREFAAE FASG 4 ke Wil
one-way ANOVAS®} Mann-Whitney U testE AAlEATh &
AA A= SPSS version 1008 AFE8FH L, PFkel 0.05 W
Tl AS-E FAHCRE Fosivta AA A

E o}

Fig. 2. Application of near infrared spectroscopy to newborn
piglet.
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Table 1. Physiological Data in each Group of Newborn Piglets

Aa-ARFG M BT P fUA A

Group(number) NC(n=9) EC(n=7) L-NMMA (n=6) L-Arg(n=6)
MABP(mmHg)

Baseline 6517 78E12 7814 76£25

HI-30 69*14 337 +12° 43+10" 48+27"

RR-1hr 717 75t16 80*13 6718
Arterial Oz(mmHg)

Baseline 134+32 10622 1138 117%£33

HI-30 111£22 31+22 23+7" 23+2"

RR-1hr 109+31 12340 100£35 10630
Arterial CO2(mmHg)

Baseline 38*15 36£6 376 45*16

HI-30 3712 40£7 3715 36£14

RR-1hr 40£15 52120 36+14 5121
Arterial pH

Baseline 74%0.2 7.4%0.1 74%0.1 74102

HI-30 74%0.1 72+0.1" 71+02" 72+0.1"

RR-1hr 74%0.1 72+0.2" 72402 73+0.2"
Base excess(mEq/L)

Baseline 0.8+4.7 -16*19 0771 04*55

HI-30 0.1x25 -12.2+6.8" -10.6£10.8 -134+38"

RR-1hr 21%£34 -8.1%£6.7 -46*11.1 -46%6.4
Blood glucose(mg/dL)

Baseline 8=*21 92+£21 11038 110£13

HI-30 97=*41 120£35 127%43 170+67"

RR-1hr 9638 108£28 110+46 151+32
Blood lactate(mmol/L)

Baseline 2.6%0.7 1.6£0.7 2105 1.2+05"

HI-30 24106 78+2.7 81+35 85*16

RR-1hr 1.9%+0.7 5048 4740 3623

Values given present means=*SD
NC :normal control group(Sham surgery group)
L-Arg : experimental L-arginine group

HI-30 means 30 minutes after hypoxia-ischemia, RR-1hr means 1 hour after reoxygenation-reperfusion
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Fig. 3. Time course of changes in oxidized hemoglobin(HbO), reduced hemoglobin(Hb), and
deduced hemoglobin(HbD) measured with near infrared spectroscopy. NC :normal control group,
EC : experimental control group, L-NMMA : L-NMMAexperimental group, L-Arg : L-arginine ex-
perimental group. *P<0.05 in EC, L-NMMA, L-Arg vs NC. "P<0.05 in EC, L-NMMA vs NC.
‘P<0.05 in EC, L-Arg vs NC.
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Fig. 4. Changes in oxidized cytochrome aa; measured with near infrared spectroscopy. Values
given present means =SD. NC : normal control group, EC : experimental control group, L-NMMA :
experimental L-NMMA group, L-Arg : experimental L-arginine group. HI-30 means 30 minutes
after hypoxia-ischemia, RR-1hr means 1 hour after reoxygenation-reperfusion.
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Fig. 5. Na’, K -ATPase activity in the cerebral -cortex.

Values given present means®SD. NC :normal control group,
EC : experimental control group, L-NMMA :experimental L-
NMMA group, L-Arg : experimental L-arginine group.
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Fig. 6. Conjugated dienes in the cerebral cortex. Values given
present means*=SD. NC:normal control group, EC:experi-
mental control group, L-NMMA :experimental L-NMMA
group, L-Arg : experimental L-arginine group.
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Fig. 7. Level of ATP in the cerebral cortex. Values given
present means*=SD. NC : normal control group, EC : experimen-
tal control group, L-NMMA :experimental L-NMMA group,

L-Arg : experimental L-arginine group.
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Fig. 8. Level of phosphocreatine in the cerebral cortex. Values
given present means*SD. NC :normal control group, EC :ex-
perimental control group, L-NMMA :experimental L-NMMA
group, L-Arg : experimental L-arginine group.
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