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Cerebral ischemia could be observed as acute metabolic crisis, when oxygen and glucose
supply is compromised and synthesis of energy is insufficient. Apart from the excitotoxicity,
increased production of reactive oxygen species with consequent lipid peroxidation is also
included in neuronal cell damage. Furthermore, these toxic compounds could also be
produced during the process of secondary inflammation of ischemic tissue. In the early
stage of ischemia, as a systemic response to acute stress, there is an increase in glucose
level in cerebrospinal fluid (CSF) and peripheral blood. According to the metabolic crisis
and acidosis in ischemic brain tissue we investigated index of lipid peroxidation (ILP) and
glucose utilization (IGU) in CSF of 53 patients of both sexes, aged 55--70 years with cere-
bral infarction. Control group comprised 15 patients with sudden onset of motor defficit
subjected to diagnostic lumbar radiculography and suspected on discal genesis. ILP in
CSF, as the indicator and sequela of neuronal cell membranes damage, was two fold in-
creased in the acute period of cerebral infarction and maximal values (3.5 times) were no-
ticed 24 hours after the ischemic episode compared to controls. Besides the increase in
glucose concentration in peripheral blood and CSF of patients with cerebral infarction,
1IGU was decreased (37%) with minimal values (32%) 24 hours after the ischemia. These
changes indicate that glucose is available but cells are incapable to metabolize it. We con-
cluded that ILP and IGU in CSF of patients with cerebral infarction could be indicators
of metabolic dysfunction and neuronal cell damage. Also, these results suggest the signifi-
cance of polyvalent therapy including antioxidative and antiinflammatory agents in acute
- phase of cerebral ischemia.

cerebral ischemia; cerebral infarction; cerebrospinal fluid;
glucose; lipid peroxidation; free radicals; oxidative stress.
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Introduction

Cerebral ischemia, in general, is physiopathologic
event in which the reduced cerebral blood flow (CBF) is
not sufficient to maintain intracellular metabolism (1).
Oxygen and glucose supply is compromised, as well as the
elimination of metabolic final products. Primary event is

the functional damage of ischemic tissue that is followed by
tissue destruction. It is a general opinion that brain could
survive ischemic episode in duration between 5 to 10 min-
utes, but after that period irreversibile neuronal cell dam-
age occurs (2).

Mechanisms that lead to the ishemic neuronal cell
death include all of the known mediators which cause dam-
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age of selectively vulnerable neurons: (i) excitotoxicity with
the increase in free cytosolic calcium, (i) acidosis, (iii) in-
creased generation of free radicals, (iv) enhanced produc-
tion of lipid mediators (derivatives of arachidonic acid:
tromboxane A,, prostaglandins, leukotrienes and platelet
activacting factor) (3).

There is an inceased level of anaerobic glycolysis in is-

chemic brain tissue with consequent accumulation of lac-

tate, COz and intermediate products of anaerobic metabo-

concomitant disturbance of cell respiration and energy pro-
duction. These biochemical changes lead to the acidosis of
ischemic brain tissue with decreased pH values from 6.5 to
6.0 (4, 3).

Persistent metabolic crisis with insufficient synthesys
of ATP induces dysfunction of membrane pumps and
propagation of action potentials. Dysfunction of cell mem-
brane allows the inftux of extraceéllular Ca** into the cell, as
well as the release ‘'of sequestrated Ca** from mitochondria,
endoplasmic reticulum, and synaptosomes (6).

Increase in intracellular calcium induces activation of
NuUmMerous enzymes (phéspholypas'cs, proteases, endonucle-
ases) with consequent degradation of membrane phospho-
lipids, proteins and DNA. Altered integrity of cell mem-
brane induces accumulation of free fatty acids in neuronal
and endothelial cells. Metabolites of free fatty acids, gener-
ated in the cascades of cyclooxygenase and lipoxygenase
have the character of free radicals (7).

The most important source of reactive oxygen specics
during ischemia is mitochondrial respiratory chain and
main place of superoxide anion (.O;") release is complex I
of electron transporters. In reaction of xantine oxidase lo-
calized in the brain capillaries there is an enhanced pro-
duction of hydrogen peroxide (H,0,), hydroxyl radical
(OH"), .O;, and synglet oxygen. These toxic mediators
could initiate numerous reactions with autocatalytic char-
acter (8, 9).

Novel studies investigate a phenomenon of secondary
developed inflammation of ischemic brain, tissue which is
very importarit for modulation of destructive and reparative
processes. In this inflammatory process the clue mediators
are inflammatory and immunomodulatory cytokines; ratio
of their production determines the modulation of ischemic
brain lesion. Free radicals are also the mediators of in-
flammation, which could be produced by activated micro-
glia. IL-4, which activates phospholipases A, with conse-
quent initiation process of membrane lipid metabolism has
a very important role (10, 11). '

According to the metabolic crisis and acidosis in ischemic
brain tissue we have proposed that index of lipid peroxidation
and glucose utilization in the cerebrospinal fluid (CSF) of pa-
tients with cerebral infarction could be the indicators of meta-
bolic dysfunction and neuronal cell damage. Furthermore, pa-
rameters of membrane lipid peroxidation could also be ‘ob-
served as the mediators of secondary inflammation - since
during the first 24 hours microglial cells in ischemic brain tis-

-patients were divided intofour groups: group I -

sue¢ are activated, as a potentldl source.of reactive nxygen S
cies (11). The aim of this study was to mvcstzgate temporal dy-
namics of CSF index of lipid peroxidation and gluc;m ufiliz-
tion in acute period of cerebral infarciion.

Methods

Investigation included 53 patients of both sexcs with

_ completed stoke with cerebral infarction, aged between
lism, Production of reducing equivalents is insufficient with -

55-70 years. Patients were without anv therapy st the mo-
ment of samples collection. :

“ Cerebral infarction ‘was confirmed by C’l scan. Also,
angiography was used for the confirmation of carotid occly- -
sion in some patients. The degree of neurologic deficifs was
estiated upon the Canadian Neurological Scale {12). Av- .-
erage value .of functional dysability was 4.56 £ 1.78. Ac-
cording to the duration of the period after ischemic epispde .
-6 hours
(n=12), group II - 7-12 hours (n=14), group 11 -
hours (n=14), and group IV - more than 24 hours of posi-
ischemic period (n=13). . ‘ :

Control group included 15 patients with sudden onset of
motor defficit subjected to diagnostic lumbar radiculography”
and suspected on discal genesis. Oaly patients ‘without re-
straint in the CSF passage were inchuded in this study:

Samp}es of CSF were collected 'in plastic tubes and
were frozen until the’ appropnate bnochemicai analysis.
Samples of peripheral blood were taken trom cubitdi vein -
in the plastic tubes prepared with 18.86 x 10°g Na, EDTA
and 25 FU of heparine per ml of biood. '

Concentration of glhucose in- CSF and peripleral blood.

“was measured ‘according to the method with glucose .oxi-
“dase {13). _Index. of glucose- uuhzatipn (IGU) was estimated o

according to the next equotion:

IGU= _glycexma ~ glycorrhachia x 100
glycemxa

Index of lipid peroxidaton (ILP) was determined ac-
cording to the method of Andreeva et al. 1988 after stimu-
lation of lipid. peroxidation in vitro with Fe-salts {0:28%)
(14). " Thiobarbituric acid reacts with malondyaldehyde
(MDA), which ongmates from poiyunsamrate,d fatty -acids
in the process of. lipid psroxxdanon and forms a. colored .
complex. Concentration of- generated MDA ‘was measured
spectrophotometrically on 533 .

‘Results

Index of lipid peroxidation in CSF was twe fold in:
creased in patients with cerebral mfarctlon, compdrcd 0
controls (Fig. 1). Follow-upof temporal dynamics of [LPin
CSF of stroke patients- revealéd that its values werc the. -

Jeast increased in group [.(from (-6 hrs after ischemia), but

with gradual increase inthe other groups with maximal val-
ues more than 24 -hrs after the onset of ischemia. (Fig. 13,
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Concentration of glucose in CSF of patients with cere-
bral infarction was increased, compared to the values of con-
trol group (Fig. 2). Analysis of glycorrhachia changes in func-
tion of time did not show any significant changes among
groups from "0" to more than 24 hrs after ischemia (Fig. 2).

Index of lipid peroxidation

nmol MDA/m| CSF
25

Fig. 1 - Index of lipid peroxidation in CSF of patients with
cerebral infarction. Values are given as nmol MDA/ml
CSF. Mean * S.E. *- Significance to corresponding control
values, (Student's t-test, p<0.05). Controls: 0.54 £ 0.08
nmol MDA/ ml CSF. T=average value of all patients with
cerebral infarction; C=control group.

Index of glucose utilizatuon in patients with cerebral
infarction was decreased, compared to controls. Temporal
dynamics of IGU values progressively decreased and was
maximally low 24 hours after the ischemic episode (Fig. 3).

Index of glucose utilization
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Fig. 3.— Index of glucose utilization in CSF of patients with
cerebral infarction, Values are given in %. Mean * S.E. *-
Significance to corresponding control values, (Student's t-
test, p<0.05). Controls: 48.09 * 3.8 %. T= average value of
all patients with cerebral infarction; C= control group.

Discussion

Biochemical events induced by ischemia in CNS repre-
sent physiopathologic base for ischemic neuronal cell dam-
age, and include activation of different mediator systems.
Cerebral ischemia activates cascade of free radical reactions,
which lead to damage of biomolecules, disturbance of intra-
cellular metabolism, as well as capability of adaptive re-
sponse, with consequent neuronal cell death (15, 16).

Experimental models of cerebral ischemia confirmed
that in an early stage of brain ischemia in the forebrain
cortex and striatum of Mongolian gerbil exited the increase
of superoxide anion production, as well as of other active
oxygen species. These changes lead to the chain propaga-

Concetration of glucose

Fig. 2. — Concentration of glucose in CSF of patients with
cerebral infarction. Values are given as nmoi/ml CSF.
Mean % S.E. *- Significance to corresponding control val-
ues, (Student's t-test, p<0.05). Controls: 3.47 £ 0.12
mmol/ml CSF. T=average value of all patients with cere-
bral infarction; C=control group.

tion of free radical reactions, increase in superoxide an-
ion/superoxide dismutase ratio, and decreased activity of
glutathione reductase, suggesting the insufficient functions
of anticxidative defense system for .O,” and H,O, detoxifi-
cation, as well as for other peroxides formed in reactions of
reactive oxygen species with biomolecules (17, 18).

One of the consequences of free radical reactions is
lipid peroxidation, which causes dysfunction and damage of
cell membranes. Increased index of lipid peroxidation in
CSF of patients with cerebral infarction could indicate the
activated and operative oxidative stress (Fig. 1). Further-
more, content of MDA was gradually increased from "0" to
more than 24 hours after ischemia, suggesting the temporal
propagation, as well as amplification of process of lipid
peroxidation. Consequences of these toxic reactions are the
affected functions and integrity of membranes accompanied
with dysfunction of membrane enzymes, alteration of re-
ceptors presentation for neurotransmitters, as well distur-
bance of membrane permeability (19).

These changes of MDA in CSF could reflect bio-
chemical events at the cellular level in CNS after the is-
chemic episode with possible predictive significance for
clinical outcome. Also, these changes indicate the impor-
tance of administration of antioxidative therapy in acute
period of ischemia to prevent damaging effects of lipid per-
oxidation. Since free radicals and peroxides are also me-
diators of inflammation, antiinflammatory therapy could be
helpful in modification of ischemic brain damage. Experi-
mental studies of brain ischemia have found that secondary
developed inflammatory process in ischemic tissue include
local reaction of resident brain cell (astrocytes, microglia,
and neurons), as well as infiltration of peripheral inflam-
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matory cells (neutrophylles and monocytes) and endothelial
cell activation. Activated microglia, macrophages and leu-
kocytes produce the increased quantity of OH-, H,O, and
NO. Some of these reactive species like OH- and peroxyni-
trite (ONOQO"), which is formed in reaction of .04 and
NO, could initiate process of lipid peroxidation (20, 21).

Increase in glucose level in CSF and peripheral blood
oceurs in the early stage of ischemia as the systemic response
to acute stress (Fig. 2). Temporal dynamics of glycorrhachia
variation in acute period of cerebral infarction was not sig-
nificant (Fig. 2). During brain ischemia, in first 10-20 seconds
of compromised circulation, after the utilization of residual
tissue reserve, oxidative phosphorylation is interrupted.
These changes lead to exhaustion of energy reserve: ATP, P-
‘creatine, glycogen, as well as NADH and NADPH decrease,
at the other hand lactate, pyruvate, NAD and NADP are in
increased concentration. Tissue acidosis blocks glycolysis;
glucose is present but.can not be utilized (22).

Index of glucose utilization in patients with cerebral in-
farction was decreased compared to control group (Fig. 3).
This index gradually decreased from "0" to more than 24
hours of acute ischemia, suggesting the alteration of glycolytic
pathway in direction of anaerobic glycolysis. Furthermore,
function of clue enzymes of glycolysis is disrupted with conse-
quent reduction of glucose-6-phosphate and fructose-6-
phosphate, and with increased content of other intermediar-
ies (20, 22). These data indicate the dissociation between the
available glucose and-cell capability to metabolize it. Thus,
the glucose utilization is decreased as well as the energy pro-

“duction, what is necessary for normal metabolism and actrve

transport, as well as enzyme activities.

Increase of lipid peroxidation index. and decrease in
glucose utilization in CSF of patients with cerebral infarc-
tion indicate the significance of carly diagnosis and cstima-
tion of metabolic profile neuronal cell with the aiay of cel-
lular protection from toxic free radical reactions, as well as
prevention of energy inssuficiency.

Conclusion

Results obtained in this study éould indicate that:

1. Cerebral -infarction induces numerous physiopa- -
thologic processes in reuronal cel_ls,r which could be reflected
as biochemical changes'in “CSF. Measurement of these bio-
chemical changes could be significant for the early \img{lOSI&
and estimation of intensity of neuronal cell damagc, :

2. Index of lipid peroxidation in CSF as the indicator
and sequela of neuronal ceil membranes damagc was in-
creased in acute penoé of cerebral infafction and maximal’
values were noticed 24 hours-after the ischemic episode,

3. Besides the increase in glucose concentration in pe-
ripheral blood and CSF of patie’nts: with cerebral infdrction,
index of glucose utilization was decreased with m,inimal' vai-
ues 24 hours after the ischemia. These changes indicate that
glucose is available but ¢ells are mcapablc to metabolize it.

4. Also, these results-suggest the significance of po!y-
valent therapy mcludmg antioxidative and antiinflammatary
agents in acute phase of cercbral ischemia.
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MHOEKC NUNWAHE NEPOKCULAUWJE U NCKOPULLTHABAHA MYKO3E Y
LIEPEBPOCNUHANHOJ TEHHOCTU BONECHWKA CA WHOAPKTOM MOSIrA

Mcxemuja MO3ra ce MOXKe CXBAaTUTW Kao akyTHa metabonuyka Kpusa, y Kojoj je
KOMNPOMWTOBAHO CHalZieBarbe MO3ra KMCeOHWKOM U rNyKo3oM wTo je npafieHo
CMarbeHUM cTBaparbem eHepruje. Nopeg ekCUMTOTOKCHYHOCTH, NoBehaHo cTBa-
parbe PeaKTMBHWUX OKCUAATMBHWUX MaTepuja ca NocneaudHOM MepoKcuaaLmviom
nunuaa Takohe je ykIby4eHo y HacTaHak owTehersa HepeHe henmje, [larbe, ose
TOKCUYHE KOMMNOHEHTE MOTY Ce CTBapaTuv M ¥ TOKY Npoueca cekyHaapke WHdna-
Mmauuje UCXeMUYHOr TKMBa. Y PaHOM Nepuoay UCXemmje, Kao CMCTEMCKHW OATOBOp
Ha aKkyTHW cTpec, noBehaBa ce HUBO rNyko3e y LepebpocnuHanHoj TeuHocTH
{LICT) v nepucbepHoj kpBu. Ha ocHoBy gokasa 0 HacTajarby MeTabonuyke Kpuse
¥ auMAa03e Y UCXEMUYHOM MOXXAAHOM TKUBY MCNMTUBANW CMO MHAEKC NUMUAHE
nepokcuaauyuje (MNM) u nckopuwhaeara rayxose (AN y LICT 53 6onecHnka
oba nona ca uHhbapkToM Mo3ara. KoHTponHa rpyna je cbyxsatuna 15 6onechuka
ca HarMuM pasBojeM MOTOPHOr gedmuuTa CyMHbWBe AWCKANIHe reHese,;
NOABPTHYTUX AujarHoCcThYKoj nymbanHoj pagavkynorpaduju npocedHe CTapocTu
oa 55 ao 70 roguana. NN y LICT, kao uHaukaTop v nocneguua owtehersa Hey-
pPOHCKUX membpaHa, ABa NyTa je noeehaH y akyTHOM nepuoay vHdapkTa mosra
ca MakcuManHuMm BpegHocTuma (3,5 nyta ) 24 4aca nocne ennaofe ucxemuje y
OfHOCY HA KOHTPONHY BpeaHocT. U nopea noeeharka KOHLUEHTpauuje rnykose y
nepucpepHoj Kpen v LICT Gonechuka ca uHdapkTom Mosra AT je chvxkeH (37%)
ca MakcumanHum BpeaHocTuMma (32%) 24 4aca HakoH ucxemuje. OBe npomeke
yKasyjy Ha TO Aa je rnyko3a pacnonoxuea, anv henuje HUCy y cTamy pa je meta-
6onvwy. 3akreyqnnu cMo aa UMM u MAT y LICT 6onecHuka ca nidapkToM mosra
Mmory HuTh nokasarersu metabonuyke guctyHkumnje i owTtehera HepsHe Tienuje.
Taxkohe, AoSwjeHn peaynTaTu Cyrepully Ha BENUKY BAXKHOCT NOMUBaneHTHe Te-
panuje, yKbydyjyhy aHTUOKCMAABHE M aHTUMHDNAMATOPHE CYNCTaHLE ¥ aKYTHO)

a3 ucxemuje Mosra.
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