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The phenomenon of transient glycogen accumulation and the increase
of UDP glucose:gilycogen glucosyltrainsferase (E.C. 2.4.1.11) activity in
the brain was observed to accompany experimental perinatal asphyxia
in Macacca mulata rhesus, experimental brain ischemia in rats (Mossa-
kowski et al., 1968; Pronaszko-Kurczynska et al., 1972, Smiatek et al.,
1971) as well as carbon monoxide intoxication (Smiatek et al., 1973).

In view of the well known facts pointing to a close relationship between
the adenine nucleotides system and glycogen metabolism, it seemed
reasonable to devote attention to the correlation between the level of
these nucleotides and the phenomenon of glycogen accumulation in the
central nervous system after hypoxia.

The fluctuations in ATP, ADP and AMP levels in the condition of
brain hypoxia and ischemia may be one of the factors responsible for
the changes in the glycogen metabolism (Broniszewska-Ardelt, Jongkind,
1971; Kirsch, Leitner, 1967; Lowry et al., 1964). Gatfield et al. (1966) de-
monsitrated a decrease of the ATP level in some of the mouse brain
structures under the influence of anesthetic drugs and ischemia. Brosnan
et al. (1970) observed a decrease of the ATP level, with a concomitant
rise of ADP and AMP concentrations in rat liver during ischemia. The
effects of a number of anesthetics, hyperthermia and ischemia on the
adenine nucleotides level ,in mouse brain were observed and discussed
by Goldberg et al. (1966).

The aim of the present work was to compare the possible changes in
ATP, ADP and AMP levels caused by carbon monoxide intoxication and
in an experimental ischemic model.
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MATERIAL AND METHODS

In the experiments concerning carbon monoxide intoxication, 60 Wi-
star rats of both sexes aged 6 weeks were used. The animals were placed
in a 60 — 1 chamber for 90 min. Air (1 1/min) with an admixture of CO
was passed through the chamber continously. During the first 30 min
the air contained 1% CO.

At that time the blood carboxyhemoglobin level, as determined by the
method of Whithead and Worthington (1961) reached the value of 76.6
+ 0.9%. The blood HbCO level was maintained by CO inflow regulation
u'p. to the 60th min. Then it was interrupted and the rats were kept, in
the chamber with a continuous flow of air reducing CO concentration
to the 90th min so that the blood HbCO level decreased to about 50% at
tHe end of the experiment.

The animals were examined after 20, 30, 60 and 90 minutes stay in the
chaimiber and after 1, 2, 4, 6 and 24 hrs they were transferred 'to nor-
mal conditions. The control group consisted of rats maintained in a nor-
mal atmosphere.

iln experimental ischemia, 120 W.istar rats of both sexes, aged
4 weeks were used. The animals of the experimental groups were sub-
jected to bilateral ligation of the carotid arteries under ether anesthesia.
Besides, three control groups were used: a) animals not subjected to any
treatment, b) animals under the same ether anesthesia as the operated
rats and c) animals anesthetized and then subjected to operation, consi-
sting in isolation of the common carotid arteries without ligation. The
animals were examined directly after the experimental or control treat-
ments and 1, 6, 24, 48 and 72 hrs later.

In both experimental models, the rats were sacrificed by decapitation
and the heads were immediately frozen in liquid nitrogen.

iSample of the frozen brain hemispheres were then homogenized
witlif 3 ml of cold 1.5 M PCA. The homogenate was centrifuged for 30
min at; 15 000 rpm at 2°C. The supernatant was neutralized with 2 M
potassium carbonate solution containing 0.5 M triethanolamine hydro-
chloride and thereafter supplemented wiith 0.1 M triethanolamine buffer
(pH 7.5) to a final volume of 6 ml. The mixture was kept in ice for
10 min and centrifuged again for 30 min at 15 000 rpm at +2°C. ATP,
ADP and AMP were assayed in the supernatant by the method of Adams
(1963). Extinction at 340 nm was monitored on a Spectromom 202 spec-
trophotometer.

RESULTS

In tihe brains of 6-week rats, which served as the control group for the
CO intoxication model, the respective mean concentrations of adenine
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nucleotides were found to be as follows: ATP — 6.91 +0.16, ADP —
1.96 + 0.07 and AMP — 0.32 + 0.04 umoles/g fresh tissue.

In the group of animals subjected to the action of CO for 20 minutes,
the mean ATP concentration in the brain was 5.58 £0.50 umoles/g fresh
tissue. As compared with the control group, a statistically significant
decrease of ATP concentration was noted (p < 0.05), which parallelled
the statistically insignificant rise in the ADP (2.06 £0.19 umoles/g fresh
tissue) and AMP (0.41 + 0.03 umoles/g fresh tissue).

After 30 minutes' exposure to CO, the brain concentrations of all the
nucleotides approached the control values and were found to be: ATP —
6.68 +0.47, ADP — 1.90 £+0.06 and AMP — 0.36 £0.05 ixmoles/g fresh
tissue.

Prom the 60th minute on, a statistically significant increase of ATP
concentration could be observed (7.99 = 0.28 umoles/g fresh tissue, p
0.01).). At that time, the concentrations of ADP and AMP were insigni-
ficantly lower than in the control brains and amounted to 1.75 £0.04 and
0.30 = 0.03 pmoles/g fresh tissue respectively.

In the two following experimental groups — kept in the chamber for
90 minutes and those which after 90 minutes exposure were left for 1 hr
in a normal atmosphere, the ATP concentration remained at the level de-
termilneld after 60 min exposure to CO. The concentration of ADP did
not differ from normal, whereas the AMP level increased slightly but
statistically insignificantly.

In the group of rats examined 2 hrs after removal from the chamber
the mean ATP concentration in the brain was the highest as compared
with that in all other groups amounting to 8.87 £0.37; the increase was
statistically significant in relation to the control (p 0.001). The ADP
concentration in this group was 1.98 £0.08 and that of AMP 0.38 £0.04
umoles/g fresh tissue.

The highest AMP level (0.49 +£0.05 umoles/g fresh tissue) was found in
the group which after exposure to CO remained for 4 hrs outside the
chamber. This increase was statistically significant in relation to the con-
trol (p < 0.05). The mean ATP concentration in this group 7.81 £0.10
umoles/g fresh tissue was lower than in the group of rats examined
2 hrs after exposure to CO, but still higher than in the control group
(p Ct 0.01). The ADP level in this group did not show a statistically signi-
ficant deviation as compared with the control.

Un the rats examined 6 hrs after they were taken out of the chamber
the ATP level was slightly, but statistically insignificantly higher than
in thg control animals (7.23 £0.16). At that time mean concentrations
of ADP and AMP also approximated the control values and were res-
pectively: 181 +0.04 and 0.34 £0.03 umoles/g fresh tissue.



Table 1. ATP, ADP, AMP concentrations in rat brain following carbon monoxide intoxication /(pmoles/g fresh tissue)

Tabela

Experimental
conditions

A ATP
Warunki
doswiadczenia
A B C X£+m¥*) P**)
Control Kontrola
min min hrs 6.91+0.16

godz.
20 5.58+0.50 <0.05
30 6.68+0.47 >0.05
60 7.99+0.28 <0.01
60 30 7.94+0.56 >0.05
60 30 1 7.55+0.37 >0.05
60 30 2 8.87+0.37 <0.001
60 30 4 7.81+0.10 <0.01
60 30 6 7.23+0.16 >0.05
60 30 24 6.95+0.12 >0.05

A — time of exposure to CO
czas ekspozycji CO
B — time after cessation of CO
czas po wylaczeniu CO
C —i time of survival after exposure to CO

czas przezycia zwierzat po ekspozycji CO

ADP

1.96+0.07

2.06+0.19
1.90+0.06
1.75+0.04
1.86+0.09
2.05+0.16
1.98+0.08
1.73+0.06
1.81+0.04
1.94+0.03

*)

**)

>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05

Number of

AMP animals

Liczba

zwierzat

Xtm p

0.32+0.04 8
0.41+0.03 >0.05 '8
0.36%0.05 >0.05 6
0.30+0.03 >0.05 6
0.34+0.03 >0.05 6
0.41 £0.05 >0.05 6
0.38+0.04 >0.05 8
0.49+0.05 <0.05 5
0.34+0.03 >0.05 6
0.36+0.02 >0.05 5

1. Stezenie ATP, ADP, AMP w mdzgu szczura po zatruciu tlenkiom wegla (pmole/g swiezej tkanki)

[ATP] [AMP]
[ADP]:
[K1]

0.55

0.54
0.66
0.79
0.78
0.74
0.86
1.27
0.75
0.66

X#+m arithmetic mean = mean error of the mean

P

Srednia artmetyczna = Sredni btad Sredniej
probability
prawdopodobienstwo
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In the group of animals examined 24 hrs after cessation of exposure
to CO, the mean concentrations of all the adenine nucleotides did not
differ from the values obtained for the control group and were: ATP —
6.95+0.12, ADP — 194 +0.03 and AMP — 0.36 £0.02 jamoles/g fresh
tissue.

On the basis of the obtained values an equilibrium constant was cal-
culated expressed by the following formula:

_ (ATP) (AMP)
(ADP)?

The K value for the control 'group was 0.55. After a 20 min exposure
to CO the K value remained practically unchanged (0.54). From the 60th
minute on, up to 4 hrs after cessation of exposure to CO, the K value
increased up- to 1.27. In the group examined 6 hrs after the animals
were taken out of the chamber, K was already much lower and amoun-
ted to 0.75 and after 24 hrs it reached the value of 0.66, this approxi-
mating the values obtained for the control group.

In the group of rats aged 4-weeks, which were not subjected to any
operation and formed the control group in the model of experimental
ischemia, the mean concentrations of ATP, ADP and AMP in the brain
were: 6.34 £0.39, 1.88 +0.06 and 0.36 £0.04 nmoles/g fresh tissue respecti-
vely. Anesthesia itself was found to increase the ATP level in the brain.
This was most pronounced after 1 hr (8.80 £ 0.41 umoles/g fresh tissue).
The effect of anesthesia on the ATP brain level disappeared within 24 hrs.
The control operation did not produce significant changes in the adenine
nucleotides levels as compared with normal values. In the time inter-
vals examined the brain ATP level in rats of this group remained within
the range of 6.32 + 0.30 — 7.35+0.48 M-moles/g fresh tissue, thus none of
the values showed a statistically significant difference as compared with
normal and with the group subjected to anesthesia.

As to the experimental groups which comprised the animals examined
1, 6, 12, 24, 48 and 72 hrs from the moment of ligation, a marked ten-
dency of ATP and ADP to decrease and of AMP to increase could be
observed only after 6 hrs. These changes were very pronounced in 50%
of cases. The mean brain ATP concentration in this group was 4.70 £0.74,
that of ADP 1.60+0.1 and of AMP 0.53 £0.07 umoles/g fresh tissue. In
the remaining animals, the nucleotides concentration was found to
approximate the values in the control group. The significant dispersions
between the results for individual animals in all these groups do not
allow a statistical analysis of these observations.
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DISCUSSION

The model of carbon monoxide intoxication applied in these studies
did not differ from that used in the previous work (Smiatek et al., 1973).
The degree of .intoxication of the organism was controlled by the HbCO
concentration in blood and the cytochrome oxidase activity of the crude
brain mitochondrial fraction. Maximum inhibition (23%) of the enzyme
activity was noted at the moment of transfer of the animals from the
chamber to normal air.

The action of CO on the rats during the first 20 min resulted in
a decrease of ATP concentration in the brain. A similar decrease of the
level of high-energy compounds and among others ATP, both in brain
and in other tissues, was observed to occur in the conditions of hypoxia
(Gatfield et al, 1966; Brosnan et al, 1970). Comparison of the
K— (ATF?A é’S/zI-Fi)---coefﬁcient for the control group and that of animals
examined after 20-min exposure to CO indicates that the observed de-
creases of ATP conicentration and the shifts in the concentrations of
AMP and ADP proceeded within the system controlled by the adenyl ki-
nase (Brosnan (et. al., 1970). In the subsequent time intervals, that is
from the 60th minute of CO action up to 2 hrs removal cf the rats from
the chamber, the ATP concentration increased, whereas those of ADP
and AMP remained within the limits of the control group. The increased
K value found at that time suggests, that in this case the changes in
ATP concentration may have resulted not only from shifts within the
system controlled by adenyl kinase, but also from disturbances of equi-
librium within other metabolic pathways in the brain which involve
ATP. This increase of ATP level may be caused among others factors
by a reduced utilization of this nucleotide in protein and nucleic acid
synthesis (Albrecht, 1972, 1973) or in the synthesis of fatty acids (Stro-
sznajder et al., 1972; tazarewicz et al.. 1972).

In our further studies on the carbon monoxide intoxication model we
noticed that the highest ATP level which became apparent 2 hrs after the
rats had been taken out of the chamber, coincides in time which the
maximum increase of UDP-glucose: glycogen glucosyltransferase acti-
vity, but preceedes the highest increment of the glycogen level taking
place two hours later. These facts suggest, that the changes in the glyco-
gen level in rat brains following hypoxia ,may be causally related to the
changes in ATP concentration. At present it is difficult to judge which
enzymatic step of glycogen biosynthesis is stimulated by higher ATP
concentration. It is probable that the reaction of the G-6-P-independent I
form of glycogen synthetase in involved in this case. On the other hand,
the possibility of phosphofructokinase inhibition which might cause
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a shift of the concentration of the glycogen pathway metabolites in the
direction facilitating the glycogen biosynthesis has to be taken into
account. Another possibility is the activation of the phosphorylase invol-
ved in glycogen metabolism by increased AMP concentration, which
could readily be observed in the 4th hr after the animals were removed
from the chamber. The results obtained by Breckenridge et al. i(1965)
support this inference. When comparing the results in the two applied
different models of central nervous system hypoxia, it is to be noted,
that the dynamics of the transient glycogen accumulation, increase of
the UDPMucose:glycogen glucosyltransferase activity, as wdll as of
changes in ATP level are different in these two models.

Carbon monoxide causes a reduction of oxygen transport into brain of
rats which is due to the block of hemoglobin. Damage to the respiratory
chain through inhibition of the cytochrome oxidase activity strongly rela-
ted to the O2/CO molecular concentration ratio (Chance et al., 1970), can-
not be excluded. Insofar, there are not enough data available to distinguish
the molecular mechanism in both models.

The authors wish to thank Miss Teresa Pankowska and Miss Ewa Ohde for tech-
nical assistance.

M. CnKopcxa, M. Cmhjick, B. Bnv, M. H. MoccaxoBCKn

W3MEHEHKH KOHL(EHTPALIM AJJEHUHOBbIX HyKJIEOT14,n;0B AT<I», AH<I>
14 AM4> B MO3rE KPBIC IIOCIIE OTPABIJIEHWTfl CO 14 4IP14
OKCnEPMMEHTAJIbHOfI 141IIEM14M

Pe3iome

Uejibio paSoThbi ShiJio ncclie®OBanne ypoBHH a/jeHMHOBbix HyKJieoTHjOR AT<4>,
Al<i> n AM$ b MO3re Kpbic npn OTpaBjiennn CO n npn SKcnepuMHeTajibiion mue-
mmh, Bbi3BaHHOIi jiBycToponnen nepeBH3Kon oGujkx coHHbix apTepnit. B MOflejlu ¢
OKnchio yrjiepo/ia GhiJio ncnoJib30OBaHO 60 Kpbic jinunn Bucrap oGonx nojion b bo3-
pacTe 6 nejjejib. 2KnBOTHbie iiccjie/jOBajincb nepe3 20, 30, 60 n 90 muh. 3Kcno3npnn
b CO, m Aajiee nepe3d 1, 2, 4, 6 n 24 naca nocjie Bbixo™a »cnBOTHbix M3 oxcnepuMeH-
TajibiilOM xaMepbi.

B MO”gjin SKcnepwMeHTalibHOIi nineMnn ncclie®OBanna npoBO/jnjincb na 120 xpbi-
cax jinunn Bnerop, oGonx noJiOB b BO3pacTe 4 ne”ejib. YpoBeHb HyKjieoTW/IOB nc-
cjie«OBajiCH nepe3 1, 6, 24, 48 n 72 naca ¢ MOMeHTa nepeBH3KH apTepnn. YpoBeHb
HyKjieoTUfIOB onpejjeliHJicH no MeTO"y Aljaiwa (1963).

B MOjiejin ¢ OKncbio yrjiepo/ja Gbuio oGHapyjxeHO nepe3 20 muh nocae BO3«en-
ctbuh CO cTaTMCTnnecKM 3HannMoe na”enne ypoBHH AT<& n jiajiee nocTeneHHDbiii
ero poct, HanGojiee BbipaxceHHbin nepe3 2 naca. llo ncTeneHnn 24 hhcob yponeHb
AT<S> He OTJiMHaacH ot hopmbi. YpoBeHb All<4> ne h3M6hhjich hm b o”hom M3 Bpe-
MeHHbix MHTepBajiOB, — a b cjiynae AM<I> nepe3 4 naca Gbuio oGHapyxteno CTaTMC-
TMHeCKM 3HaHMMOe yBejIMHCHMe ypoBHH 3TOrO liyKJienTMaa.
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H3MeHeHHH ypOBHH a”eHWHOBbIX HyKJieOTPiJJOB He KOHTpOJIMpOBaJIMCh CHCTeMOM
afleiiMJiaT-KHHa3Bi, nocKOJibKy BeannriHa K M3MeHHJjacb b peaKijmi, KOHTpojiwpye-
MOM 3TMM (JjepMeHTOM.

B MO”gjiM 3KcnepMMeHTajibHOM miucmmm OTMeuaaoch b 500 nccaeyeMbix cjiy-
uaeB n TOjibKO b rpynne JKWBOTHbix, nccjie’yeMbix uepe3 6 uacoB ¢ MOMeHTa nepe-
BH3KM apTepnw, nasenne ypOBHH AT<P m AllI> ¢ 0"HOBpeMenHbiM poctom ypOBHH
AMi>,

M. Sikorska, W. Bicz, M Smiatek, M. J. Mossakowski

STEZENIA ATP, ADP | AMP W MOZGACH SZCZUROW
PO ZATRUCIU TLENKIEM WEGLA | W DOSWIADCZALNEJ ISCHEMII

Streszczenie

Celem pracy bylo przebadanie poziomu ATP, ADP i AMP w mdzgach szczuréw
po zatruciu CO i w doswiadczalnej ischemii wywotanej obustronnym podwigzaniem
tetnic szyjnych wspélnych.

W modelu tlenkoweglowym szczury rasy Wistar badano po 20, 30, 60 i 90 min.
ekspozycji CO, a nastepnie po 1, 2, 4, 6 i 24 godz. od momentu wyjecia zwierzat
z komory doswiadczalnej.

W modelu doswiadczalnej ischemii poziom nukleotydébw w mézgach szczuréw
rasy Wistar badano po uptywie 1, 6, 24, 48 i 72 godz. od momentu podwigzania tet-
nic. llosciowe oznaczanie stezeri nukleotydéw wykonywano metodami enzymatycz-
nymi wg Adama (1963).

W modelu tlenkoweglowym stwierdzono statystycznie znamienny spadek po-
ziomu ATP po 20 min dziatania CO, a nastepnie stopniowy jego wzrost, najwy-
razniej zaznaczony po 2 godz. Po uplywie 24 godz. poziom ATP nie roznit sie od
normy. Poziom ADP nie ulegat zmianie we wszystkich badanych czasach, nato-
miast w przypadku AMP stwierdzono statystycznie znamienny przyrost poziomu
nukleotydu tylko po 4 godz. Warto$¢ statej rownowagi (K) dla reakcji kontrolo-
wanej przez uklad kinazy adenylowej ulegata zmianie, co moze wskazywac, ze
zmiany w poziomie nukleotydéw adeninowych byly kontrolowane nie tylko przez
system tego ukfadu enzymatycznego.

W modelu doswiadczalnej ischemii jedynie w grupie zwierzat badanych po
6 godz. od momentu podwigzania tetnic w 50% badanych przypadkéw stwierdzono
spadek poziomu ATP i ADP z réwnoczesnym wzrostem poziomu AMP.
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