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Effect of Naloxone on the Cerebral Ischemia of the Rats
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Brain ischemia due to a critical reduction in cerebral blood flow is a common cause of
irreversible brain damage. Ischemia is invariably accompanied by an increase in tissue lactate
concentration due to anaerobic metabolism of glucose and energy failure.

Despite new insights into the pathophysiologic mechanism of cerebral ischemia, the clinical
therapeutics of cerebral ischemia is usually limited to agressive anticoagulation and supportive
measures.

But, recently, new pharmacological agents including calcium channel blocking agent, perfluo-
rocarbon, free radical scavenger and opiate antagonist are considered as possible therapeutic
application for restoration of blood flow to areas of focal ischemia in both laboratory and
clinical trials.

Naloxone, an opiate antagonist, has been reported to improve neurological function, spinal
blood flow and somatosensory evoked potentials after spinal injury. Thus, Endogenous opioids
might play a role in pathophysiology of central nervous system ischemia and that opiate antago-
nist might be of benefit in the treatment of experimental stroke.

But, on the other hand, there are many evidences that naloxone is not benefical. So use
of naloxone for the treatment of ischemia insult is controversial

Therefore, The present investigation was undertaken to elucidate the effects naloxone on
cerebral ischemia by measurement of the cerebral energy metabolites concentration.

Cerebral ischemia was produced in spontaneously hypertensive rat(SHR) by bilateral com-
mon carotid artery ligation. Naloxone(1mg/kg) was administered intraperitoneally 30 min after
the carotid artery ligation.

The results obtained were as follows :

1) There were no differences in the concentration of APT and lactate between normotensive
Sprague-Dawley rats and SHR.
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2) In bilateral common earotid artery ligated SHR, the concentration of APT was considerable

decreased and that lactate was slightly increased.

3) Naloxon didn’t change the cerebral energy metabolism in ischemic model. These data

indicated that naloxone had no beneficial effect on cerebral ischemia but for definite conclusion,

more controlled experiments must be performed.
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Brain Tissue
3 M HCIOz 1 ml, 10 min

Cold H20 3 ml

Homogenized in ice, 30 sec

30,000Xg, 4¢C, 10
min
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Sup. 3.5 ml Ppt.
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2 M KHCOz 1.5 ml

30,000Xg, 4€, 15 min

Sup. Ppt.

Determination of ATF
and lactate.

Scheme 1. Preparation of specimen from brain tis-
sue.

< Scheme 2~4°] YeEtl A

4. 248 A

Lactic dehydrogenase(from rabbit muscle, 9.4mg
pr./ml). Hexckinase/Glucose-6-phosphate dehyd-
rogenase (mixed enzymes from Bakers yeast, HK :
225U/mg pr., G-6-PDH : 85U/mg pr.)

ol el &EAAleF @ NADP 2 NADE Sigma
Chem. Co.9lA] %3193 Bovine serum albumin
(22%, =47 A oF), HC104 (Junsei Chem. Co.) S
Abg-shdth

5. 43717

UV/Vis. Spectrophotometer(Perkin-Elmer 544)
Centrifuge(Dupont sorvall RC-5B Super speed ref-
rigerated centrifuge) Homogenizer(Edmund Buh-
ler 7400)

6. BAEH

REHAYFL T+ FFEAE BAFY o
FAEA 42 Student’s t-test2 HAA st pgt
o] 0.05013t] Aol F4ol e Aoz #
A3t
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Substence

Buffer solution Enzyme others
Lactate Glycine-Hydrazine Lactic dehydrogenase NAD 0.027 M
04 M, pH 90 2 mg pr./mi H,O
ATP Tris-HCI 0.2M Hexokinase 140 U/ml Hy MgCl, 015 M
pH 76 G-6-PDH 53 U/mi HzO NADP 0.016 M

Glucose 0.6 M

a) Analysis were performed with 1.5ml medium containing 0.01% bovine serum albumin under roon

temperature.

b) G-6-PDH represents glucose-6-phosphate dehydrogenase.
Scheme 2. Analysis condition of lactate and ATP in the brain of a rata’d?

Pipette successively into cuvette

Buffer 0.43ml

H20 0.57ml

NADP 0.05ml
Glucose 0.06m!
Brain extract 0.10m!

Mix and read extinction E;

Hexokinase/G-6-PDH
0.02ml

Mix and read extinction E; after about 10min.

Ex-E1=Eatp

Scheme 3. Assay system of ATP

] ot

1. B4 #F < SHRY Hlx

Sprague-DawleyZ] 8179 =T A ATPY2
0.77umol/go| A3 lactate®] ¥ 7.14umol/g o1
o™ SHRY thzFolA ATPS F& 0.82umol/g
ol 3 lactate® 85lumol/ge2A A #AFAS
SHR7Z'S] ATPS} lactate®) %ollE BTHE Xol7t
212 th.(Table 1, Fig. D.

Pipette successively into cuvette

Blank Sample
Buffer 1.0mi 1.0mi
H0 0.10ml —
extract Brain 0.10mi
NAD 0.10ml 0.10mi
LDH 0.10ml 0.10mi

Mix, and allow to stand in a water bath

at 37C for 60min, measure extinction E

( Esample ™ Eblank= A Elactate)

Schem 4. Assay system of Lactate
2. H3 o] SHRY HuA diAlel] w3 &
Sk
ATP= %% #7459 222 U39 0.82umol
/g1 4 0.42umol/g2 2 48.7% 7+4(P<0.01) 3% &
o lactater= 8.51umol/gol A 9.54umol/ge. 2 12.1
%% 7+ = 9 H(Table 2, Fig. 1).

3. Naloxone©] SHRE & &o] mlA = AT
Naloxone $JA] ATPS lactate®) %2 045
umol/g# 845umol/g L BA ¥E FAHENL Z

Table 1. Comparision of cerebral energy metabolism between normotensive Sprague-Dawley rats and

spontaneously hypertensive rats(SHR)

G No. of contents - umol/g brain
roup animals ATP Lactate
Sprague-Dawley 7 0.77+0.19 7.14+ 0.93
SHR 8 0.82+0.14 851+ 0.99

Values are meanst SD.
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o
[4)]
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¥

{2 control 8D
[]control SHR
] tigated SHR
I naloxone SHR

ATP

Lactate

Fig. 1. Variation of cerebral energy metabolites by naloxone(i.p.) under ischemia induced by bilateral carotid

artery ligation in rats.

*4#P<0.01 : significantly different from the control values of SHR.

Table 2. Effects of intraperitoneal injection of naloxone on the disturbance of cerebral energy metabolism
under ischemia by bilateral carotid artery ligation in SHR

: No. of contents . umol/g brain
Group .
animals ATP Lactate
Sham operated control 8 0.82+0.14 851+ 0.99
Lschemic control 7 0.42+ 0.17%* 954+ 1.73
Naloxone 7 0.45+ 0.35 841+ 3.04

P<C0.01 : signigicantly defferent from the sham operated control values.

Values are means+ SD.
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3 9ith(Holaday & D’ Amato 1982, Tay-
lorg 1984 ; Black¥® 1984). I Zi % F= &
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& FEAE F don £&4 z3o] v|wF 7
Gt B £ HEFEL ASE £ Yo

BAA g = #-&3tch(Matsuyamas 1983 ; Mat-

wo%

sumotos 1983, 1984). W&l A oM e w3
& 9077 93 ¥ FRFAE AFSAh

FujishimaS2e] o3l }& 7459 E A%
g 3 1A Fl HU 9 lactate) lactate/pyru-
vate®] ®l&ol A e tR #HFA H
SHRAIM & 493 Z7lddy o (Fujishima®s
1975). SHR& T9A 1 toll A Futso] deta
dHA T2, 715HA ¥ g FEo 2 (blood
loss) ¥l HzAo &4o] v Adte SHRY
HEAL Aol FAH WA FokA Utk
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86). watAd ol HFME FAF AEHAA
SHR# A4 et 33 HAA X9 hrle] =
ol F ¥eoln A FH oy EHE RolE e
2 gkth a8y SHRY 435 A5 ZFA )
vz 7o Hl8 lactate= FAEH 2= glof
k7t Frlelg ou ATPE A%93 28 #4s
HER At

=g s ATPE F43) Z4Hx 4aA
9122} (oxidative phosphorylation) 7} &5 9] la-
ctate’} S HA B} ATPE AH&H7 & B
el ZahHo AuAAEd Bad ey
9142 3} (high-energy phosphate bond)& 7}A}#]
55 AMPHo] Z715 Al Aok 2kA] ATP-depen-
dent Na*~ K' transport7} 24 5o} Axtgos
A E Ktol Z7tEe] Al Eato] 283 Hof vol-
tage-sensitive Ca® *-& phospholipase A%} C& &
A5 ANA AETe] JdxEE st FFAY
2+& AAgEAl "ot ol F 53] arachidonic acide
cyclooxygenase$} lipoxygenase #3& %3} pro-
staglandins, leukotriens @ free radicals® 4§38t
o AE] FNE L2714 B (Flynns 1989
Meyers 1987).

T3 glucoser CO9 B2 Edze didld
7|4 Ak anaerobic metabolism) ol &8 lac-
tate® Hr} old UYeEl}E lactated] F7He H 8
8L g9o77 Ao EF glucosedH} THIE &
#g 7tAz ded F8H EF ducosedFol =&
FZ2 Ao JEIIE lactate ¥ F7H7F oS
A3t (Corbetts 1988). wEhal olwl A ¥l A
ATP2] A8 720l )&l lactate?] Z717F 4138kA
Fe AL ointx AEAH UL HAEFEES &
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seta A

oA AFEANA WA opicid7t W5 Hel g
A7 &x3e Hely o] BA M opiate 2
%7 9l naloxoneo] ¥ & doll (53 A7E EE
Fdn e E dHeEE 184 g1 e
Bu% 493 ot of¥ A e)A naloxoneF
A %2 2AZE ZIFo] v ATPY lactateol
goiE wissh Qidch HE dol thd opiate Z

Ao Ede g9 Feist Ak (global) 2l Al
228 (foca) 914, £& 3189 A, naloxones]
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7t g2t 322 (Basking 1986) ¥ o2
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&3 22 ZH4E dArh

1) A4 8¢ #8359 SHRY ATPS lactatert
ojel & ETHE o7t gldlh

2) SHRY 4% #7254 AF&rdAe R+
of uld] ATP7} A Z4AFHJLr) lactates &
gyke] Frbstdrt.

3) NaloxoneF9 =2 13t LA i &
HohE g mXA Gk weba o 43
A#A 2% naloxoneF 97} HHE A8 F&3
AFHE VA Z3vtn Ao AU HE5
model¥ naloxoned] ¥ W& €dd oS
o Be o] Pl Aot & Aolgpa AyzHETh

References

1) Skarphedisson JO, Sandberg M, Hagberg H, Carl-
sson S and Thoren P Relative cerebyal ischemia
in SHR due to hypotensive hemorrhage : Cerebyal
Sfunction, blood flow and extracellular levels of lactate
and purine catabolites. ] Cereb Blood Meta 1989 © 9

. 364-372

2) Flynn CJ, Farooqui AA and Horrocks LA : Ische-
mia and hypoxia in Siegel G, Agranoff B, Albers
RW and Molinoff P eds. Basic neurochemistry. New
York, Raven press 1989 ' 783-795

3) Kety SS and Schmidt CF : The nitrous oxide me-
thod for the man : theory, procedure and normal
values. J Clin Invest 1948 . 476-483

4) Sharbrough FW, Messick JM Jr and Sundt TM
It © Corelation of continuous electroencephalograms
with cerebral blood flow measuvements during caro-

— 298 —



tid endarterectomy. Stroke 1973 . 674-683

5) Trojaborg W and Boysen G : Relation between
EEG, regional cerebral blood flow and internal caro-
tid artery pressure during carotid endarterectomy.
Electroencephalogr Clin Neurophysiol 1973 1 34 .
61-69

6) Harris RJ, Symon L, Branston NM and Bayhan
M Changs in extracellular calcium activity in ce-
rebral ischemia. ] Cereb Blood Flow Metab 1981 . 1
1 203-209

7) Wieloch T and Siesjo BK : Ischemic brain injury
the importance of calcium, lipolytic activities and
free fatty acids. Patho Biol(Paris) 1982 :30:
269277

8) Meyer FB, Anderson RE, Sundt TM Jr and Yaksh

TL : Intraceilular brain pH, indicator tissue perfu-
sion, electroencephalography and histology in severe
and moderate focal cortical ischemia in the rabbit.
J Cereb Blood Flow Metab 1986 . 6 © 71-78

9) Brierley JB, Meldrum BS and Brown AW : The
threshold and neuropathology of cerebral “anoxic-is-
chemic” cell change. Arch Neurol 1973 ' 367-37

10) Meyer Fb, Sundt TM, Yanagihara T and Anderson
RE : Focal cerebral ischemia + Pathophysiologic me-
chanisms and vational for fulure avenues of treat-
ment. Mayo Clini Proc 1987 . 62 . 35-55

11) Holaday JW : Cardiovascular effects of endogenous
opiate systems. Ann Rev Phavmacol Toxicol 1983 .
23 © 541-594

12) Faden Al Jacobs TP and Holaday JW : Opiate an-
tagonist improves meurologic vecovery after spinal
injury. Science 1981 . 211 . 493-494

13) Young W, Flamm ES, Dimopoulos HB, Tomasula
JJ and Decrescito V : Effect of naloxone on posti-
raumatic ischemia in experimental spinal contusion.
J Neurosurg 1981 : 55 : 209-219

14) Flamm ES, Young W, Demopoulos HM, Decresito
V and Tomasula JJ © Experimental spinal cord in-
Jury ' treatment with naloxone. | Neurosurg 1982 .
10 : 227231

15) baskin DS and Hosobuchi Y : Naloxone reversal
of ischemic neurological deficits in man. Lancet 1981
I 272275

16) Holaday JW and D’ Amato RJ : Naloxone or TRH
Jails to improve neurologic deficits in gerbil models
of “stroke”. Life Sci 1982 : 31 : 385392

17) Capeville C, Prunear D, Plotkine M and Boulu
RG : Dose naloxone veverse the neurological defect
induced by global cerebral ischemia in vais 7 | Cereb
Blood Flow Metab(Suppl. I, 1983 : 3 . $532-533

18) Galinc C, Nehls DG, Crowell RM and Waggener
ID © Naloxone in the treatment of experimental si-
roke in awake monkeys. J Cereb Blood Flow Metab
{Suppl. 1)1983 : 3 : S576-577

19) Hubbarb JL and Sundt TM : Failure of naloxone
to affect focal incomplete cevebral ischemia and colla-
teral blood flow in cats. ] Neurosurg 1983 © 59 © 237-
244

20) Levy DE, Pike CL, Rawlinsson and Plum F . Na-

loxone fails to Limit clinical or histologiacl brain

damage in gerbils with transient cevebral ischemia.

J Cerb Blood Flow Melab(Suppl. I) 1983 © 3 © S518-

519

Shigeno T, Teasdale GM, Kirrjam D, Mendelow

D, Grajam DI and McCullock J  Effect of naloxone

on cerebral glucose metabolosm in novmal rals and

rats with focal cerebral ischemia. | Cereb Blood Me-

tab(Suppl. I) 1983 © 1. 5528-529

Glowinski ] and Iversen LL : Regional studies of

catecholamines in the vat brain-1. | Neurochem 1966

113 ! 655-669

23) Bergmeyer HU : Method of enzymatic analysis. I-
IV. Bergmeyer HU ed. Academic poress, 1974

24) Matsuoke Y . Personal communication

25) Taylor MD, Palmer GC and Callahan III AS : Pro-
tective action by methylprednisolone, allopurinol and
indomethacin against stroke-induced damage to
adenylate cyclase in gerbil cerebral coriex. Stroke
1984 @ 15 . 329-335

26) Black KL, Hsu S, Radin NS and Hoff JT © Sodium
5-(3’ -pyridinyl-methyl)  benzofuran-2-carboxylate
(U-63557A) potentiates protective effect of Intrave-
nous eicosapentacnoic acid on impaired CBF in is-
chemic gerbils. | Neurosurg 1984 . 61 . 453-457

27) Matsuyama T, Matsumoto M and Fujisawa A :
Why are infant gerbils more vesistant than adulls
to cerebral infarction after carotid ligation ? ] Cereb
Blood Flow Metab 1983 : 3 : 381-385

28) Matsumoto M, Matsuyama T, Fujisawa A, Yoneda
S, Kimura K and Abe H . Hemodynamic studies
in the gerbil stroke model . Age-related changes in
incidence of cerebral ischemia and changes in syste-

~—

21

N

22

- 299 —



29)

30

3D

32)

mic or vegional hemodynamics after bilateral com-
mon carotid artery occlusion. J Cereb Blood Flow
Metab(Suppl. 1) 1983 > 3 : 5337-338

Matsumoto M, Kimura K and Fujisawa A © Diffe-
rential effect of cevebral ischmia of monoamine con-
tent of discrete brain regions of the Mongolian gerbil
(Meriones unguiculatus). | Neurochem 1984 . 42 .
647-651

Fujishma M, Ogata J, Morotomi Y and Omae ]
* Effects of bilateral carotid arlery hyperiensive and
normotensive rats. Jap Heart ] 1975 15 . 316-318
Hordborg C and Johansson BB : Morphometric
study on cerebral vessels in spontaneously hyperten-
sive rats. Stroke 1980 11 © 266-270

Wennberg E, Hagberg H, Haljamae H and Honan-
sson BB . Effects of haemorrhagic hypotension on

33

34)

35

— 300 —

brain and liver metabolism in normotensive(WKY)
and spontaneously hyperiensive rate(SHR). J Hype-
rtension 1983 © 1. 221-226

Skarphedinsson HD, Stage L and Thoren P * Ce-
rebral function duving hypotensive haemorrhage in
spontaneously hypertensive vats and Wistar Kyoto
rats. Acta Physiol Scand 1986 . 128 . 445-452
Corbett RJT, Laptook AR, Nunnally RL, Hassan
A and Jackson J . Intracellular PH, lactate and ene-
rgy metabolism in neonatal brain duving partial
ischemia measured in vivo by 31P and 1H nuclear
magnitic resonance spectroscopy. | neurochem 1988
1 51 . 1505-1509

Baskin DS, Hosobuchi Y and Grevel J © Treatment
of experimental stroke with opiate antagonisis. J
Nenrosurg 1986 - 64 - 99-103



