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Abstract

Have been studied oxidative metabolism and NO synthesis in rats during experimental hemorrhagic insult of
the brain using the noninvasive photochemical and Electronic Paramagnetic Resonance (EPR) Methods. It is
stated, that generators of oxygen active forms (ubisemiquinons, xanthinoxidase, Fe? and Mn** ions), excess
amount of NO, and complexes of NO with heme- and nonheme iron are produced in cerebral cortex.
Mitochondrial FeS containing proteins and cytochromes are nitrozilized; therefore mitochondrial electron
transport and oxidative phosphorylation are suppressed. Presence of EPR signals of FeSNO and HbNO
complexes pointing on nitrosilation of mitochondrial heme and nonheme iron containing proteins by free NO,
make favorable conditions for apoptosis. In adjacent cells of the brain, that were not directly exposed to

illumination, developed disorders are the same albeit of lesser intensity and delayed in development.
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Introduction

owadays, the insult is one of the acute problems of
Nmodern life acquiring especial topicality in recent

years.
It is known, that in the United States approximately 1
individual dies in every 3,5 minute with insult. About
55% of survivors after insult become invalid and reveal
decreased capacity for work. Therefore, investigation of
pathogenetic mechanisms of cerebral insult and the role
of oxygen and NO reactive forms in particular is of great
value.

According to above mentioned the purpose of this work
was to investigate oxidative metabolism and NO
synthesis in rats during experimental photochemical
hemorrhagic insult.

Material and Methods

nitric oxide,
oxidative metabolism

oxygen reactive

Experiments have been carried out in the Institute of
Physiology of Georgian Academy of Sciences after |I.
Beritashvili.

Experimental and control groups of white rats with body
weight 250- 300 g (total of 27 rats, 18 - experimental
and 9 control) were investigated.

In present study, the new experimental model of brain's
local insult was achieved using absolutely noninvasive
photochemical method [1].

For realization of mentioned method, following
procedures were carried out: After chlorhydrate narcosis
(1ml of 4% solution per 100g body weight), during 2-3
minute at 370 C, photosensitive dye - Bengale rose
solution (0,13 ml of 0,75% solution per 100 g body
weight) was administered in animals femoral vein. After,
the rat was kept in stereotactic equipment followed by
bearing of the cranium. Duration of exposure to
illumination was 0,5, 1 and 1,5 hour.
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From the halogen lamp source (243, 250 w), owing to
optical ray conductive fiber (with diameter 2,5 mm), the
final capacity for lighting (upon the cranium) was 0,64
wicm?,

Has been studied area of the brain's hemorrhagic insult
directly exposed to illumination and adjacent area as
well, in which pathological process extends with
diminishing intensity.

Using the method, suggested by A. Vanin, content of
NO in cerebral cortex was studied. According to the
method, complexes of NO with Fe and
diethyldithiocarbamate were determined. They are iron
and diethyldithiocarbamate mononitrosil complexes
(EPR signal g=2,015).

With the purpose producing mentioned complexes, in
experimental rats the intravenous injections of natrium
diethyldithiocarbamate (20 mg/kg) was performed.
Within 10 minute after injection animal was decapitated.

EPR specters of cerebral cortex tissue were obtained
using the Radiospectrometer P3 -1307 (Russia).

Results and Discussion

Received data clearly indicate, that after photochemical
insult of the brain in the locus of illumination
mitochondrial respiratory chain is disordered, electron
transport at NAD.H ubisemiquinone-oxidoreductase
locus is delayed leading to accumulation of
ubisemiquinons with features of superoxidradical
generators. At the end of the illumination it is added by
decreased intensity of mitochondrial respiration
(revealed by decreased EPR signals of free radicals and
NAD.H dehydrogenase FeS centers).

All of these in turn should determine decreased
synthesis of macroergic compounds, accumulation of
hypoxantine and transformation of xsantinede-
hydrogenase into xantinoxydase, revealed by Mo5+
containing complexes in the EPR spectrum of cerebral
cortex.

In the late period of illumination (after 1 and 1,5 hour
exposure) the quantity of less oxidized forms of metal
ions with changeable valence (Fe?*, Mn?) increases.
These ions, as is known are powerful inductors of free
radical oxidation (Tab.1).

After 0,5 hour exposure to illumination, production of NO
increases excessively and correlates with duration of

exposure. Production of NO is much more exaggerated
in case of prolonged illumination (after 1 hour
exposure).

It is remarkable, that after 0,5 hour exposure, in the
EPR spectrum of the brain, the nitrosil complexes of
nonheme iron (FeSNO) are appeared reflecting
nitrosilation of mitochondrial FeS containing proteins -
NAD.H dehydrogenase and succinic dehydrogenase [2].

At this instance, electrons shift to central atom, localize
and thereby delaying their transport among carriers of
mitochondrial respiratory chain causing reduction in
intensity of mitochondrial respiration. This last is
revealed by decreased intensity of EPR signals of free
radicals and NAD.H dehydrogenase FeS centers.

In the late period of observation (after 1 and 1,5 hour
exposure), in EPR specter of radiated cerebral cortex,
the nitrosil complexes of heme iron HbNO are detected,
that is probably determined by interaction with
mitochondrial heme containing cytochroms of NO.

It is well known, that the physiologic concentrations of
NO reversibly inhibit cytochrom C oxidase (IV complex),
which is probably the physiologic reaction directed
towards decrease of oxygen consumption without
change in ATP production. However, prolonged release
of NO can lead to irreversible inhibition of | complex via
the nitrosilation of critical thiols in enzymatic complexes,
which has been shown in our experiment after 1-hour
illumination.

Thus, excess amount of NO can produce early
alteration of mitochondrial functions; decrease its
energetic balance or intramembrane potential thereby
stimulating apoptosis in brain cells. [3]

On the other hand, NO produces irreversible inhibitors
of cytochrom oxidase (HbNO complexes), therefore NO
is able to promote release of apoptotic factor (cytochrom
c) from mitochondria that also leads to apoptosis of
brain cells.

As far as the model of experimental photochemical
insult has been used in an attempt to create the model
of cerebral hemorrhagic model, that had been proved by
widespread hemorrhages in illuminated area after
section of experimental animals, it is expected that
developed hematoma due to compression of
surrounding tissue results in hemodynamic disorders
and alteration of metabolism of adjacent tissue.
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Control 9 13,040,5 12,010,5 21,540,7 13,8+10,5
1
Illuminated area
0,5 hour 6 12,310,3 12,020,5 21,3+0,5 13,0+0,8
2 P,,>0,1 P,,>0,1 P,,>0,1 P,,>0,1
1 hour 6 10,7£0,9 10,0£0,5 23,6£1,0 16,010,2
3 P;5>0,05 P;3<0,02 P;3<0,05 P;3<0,02
1,5 hour 6 8,0£0,5 10,020,5 25,0+1,0 12,0+0,9
4 P,4<0,01 P,4<0,2 P, 4<0,05 P,,<0,001
Adjacent area
0,5 hour 6 6,910,1 11,840,5 13,140,7 17,6£2,6
5 P,5<0,001 P, 5>0,1 P,5<0,001 P, 5>0,1
1 hour 6 10,010,1 10,210,2 14,0£0,7 17,6£1,6
P;6<0,001 P60, 1 P;,<0,001 P;6>0,05
6 P5<0,001
1,5 hour 6 2,040,1 8,0+0,6 9,7£1,2 19,3+0,6
7 P,,<0,001  P,;<0,001 P, ;,<0,001 P, ;,<0,001

16,9+ 0,8 ==

20,8£5,9 --
P1‘2<0,02
1,140.,5

90,0+5,0 33,5+1,2 -

P, 5<0,001
2,240,5

100£5,5 26,6+1,0

P, 4<0,001

15,0£0,5

25,142,1
P, 5<0,001

10,8+0,5

2,840,3 170,0420,0  44,0%8,6

P, 4<0,001

15,0£0,5

2,6+0,9 120,0£20,5 17,2%1,8

P, 50,1

18,0+0,3

Tab.1 Changes of Paramagnetic centres of the brain in rats during experimental hemorrhagic insult.

Above mentioned has been revealed in experiment by
changes in metabolic paramagnetic centers of adjacent
cells of illuminated area.

Noteworthy, that above mentioned disturbances develop
more later than in area directly exposed to illumination
and is of less intensity, however, as had been shown,
after 1,5 hour exposure to illumination, disorders in
mitochondrial respiratory chain at NAD.H ubiquinone
oxidoreductase locus develop in adjacent areas of the
brain as well revealed by decreased intensity of free
radical EPR signals and half width ((H) of it, and
increased intensity of NAD.H dehydrogenase FeS
centers EPR signals.

This last contributes to production of superoxidradical
generators - ubisemiquinons, decreased production of
macroergic compounds, increased containment of
xanthinoxidase, intensification of free radical- or lipid
peroxidation, inactivation of mitochondrial
superoxiddismutase and membrane structure
destruction revealed by increased intensity of EPR
signals of Mo®" containing complexes, Mn®* and Fe®'
ions correspondingly.

After 1 hour of observation, intensity of NO synthesis in
adjacent cells of the brain that are not directly exposed
to illumination, increases as well, which is detected by
presence of EPR signals of

FeSNO and HbNO complexes pointing on nitrosilation
of mitochondrial heme and nonheme iron containing
proteins by free NO, thereby making favorable
conditions for apoptosis in adjacent cells of the brain.

It is remarkable, that due to formation of HbNO and
FeSNO complexes, containment of free NO in tissue
decreases.
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Conclusions nitrozilized, therefore  mitochondrial  electron
transport and oxidative phosphorylation are

Q After 0,5 hour exposure to illumination generators suppressed.

of oxygen active forms (ubisemiquinons, ) )
xanthinoxidase, Fe* and Mn% ions), excess Q In adjacent cells of the brain area that were not

amount of NO, and complexes of NO with heme- directly exposed to illumination, developed
and nonheme iron are produced in cerebral cortex. disorders are the same albeit of lesser intensity and
delayed in development.

Q After prolonged illumination, mitochondrial FeS
containing proteins and cytochromes are
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N3yyeHne HEKOTOPBHIX NATOreHETHYECKUX MEXaHU3MOB IIPH
IKCIMEPUMEHTAJILHOM lepe0pajibHOM reMOpPpParu4eCKOM MHCYJIbTE y
KpbIC

Hana lJanasa, Bnaoumup baxymaweunu

Kadenpa HepBHbIX 6051€3HeN TOMIMCCKOTO TOCYAapCTBEHHOTO METUIIMHCKOTO YHHBEPCHUTETA,
I'py3us

PE3IOME

MeTogamu OTOXMMUM U 3MNEKTPOHHO-NapaMarHnTHOro pesoHaHca (OMMP) uayyeHbl OKMCAUTENbHBLIN MeTabonmam u
cuHTe3 NO B ronoBHOM MO3re Y KpbIC NPW SKCMEPUMEHTANbHOM remMopparm4eckoM MHCynbTe. YCTaHOBMNEHO, YTO
NPOAYKUMS reHepaTopoB aKTUBHbIX (DOpM KMcropoaa (YyonceMmMxmHoHa, KCaHTMHOKCuAasbl, Fe? n Mn®" noHos), NO
n komnnekcos NO C reMoBbIM W HEremMoBbIM XENe3oM YCUNMBaeTcs B KOpe rornoBHoro mosra. Hanuuve 3IMP
curHanoe FeSNO un HbNO cospaeT ycnoeus gns paseuTus anonTo3a. B cocegHux TkaHsx o6ny4YeHHOro mosra
pa3BMBAIOTCSH Te e CaMble M3MEHEHMS], XOTA C MeHbLUEN MHTEHCUBHOCTbLIO U MeAJIEHHee.

KiioueBsle cyoBa: IeMOpparvMyuyecKuil MHCYJIBT, OKMUCEH as30Ta, PeakKTHMBHEE
dopMEl KMCIIOPOTa, SIP CcrnexTp, I'OJJOBHOM MO3I', OKMCJIMTEJILHEI
MeTabosin3M
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