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EFFECT OF GAMMA-1RRADIATION ON ENERGETIC METABOLISM
OF PORCINE BLOOD LYMPHOCYTES, PLATELETS.AND ERYTHROCYTES"

Effect of gamma radiation (0.5-500 krad) on the levels of AWP, ADP
and ATP in porcine blood lymphocytes, blood platelets and erythrocytes,
Ih after irradiation was studied. The applied gamma radiation in the
dose range of 0.5-7 krad induced the same pattern of changes in the
content of adenine nucleotidas in all three cases studied. The exper-
imental dose dependence of nucleotide levels in the range of 0.5-7
krad was in agreement with the applied mathematical calculations.

On the basis of the obtained data it was suggested that changes
of nucleotides content 1in the above mentioned dose range are due to

aamage of the celi merabranes.

lonizing radiation creates numerous structural and metabolic
disturbances in living cells, depending on their scope and range
both on the radiation dose and on the kind of celi. As far as
free nucleotides aro concerned, the questions of the effect of
ionizing radiation on cellular energy metabolism and of the role
of energy-rich compounds in irradiated cells are still relativ-
ely poorly understood.

Studies on the effect of gamma radiation on erythrocytes in
the dose-range of 10-50 krad revealed: a rapid potassium loss and
sodium accumulation 1inside the red celi [12] hemolysis prevented

by the addition of compounds not penetrating the erythrocyte
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membrane; 2-mercaptoethanol (MEG) and glutathione (GSH) to ery-
throcyte suspension prior to irradiation [7/] and by SOD added
extracellularly [2], a lack of radioprotective effect of intra-
cellular SOD [3] and inhibition of (Nat+, K+, Mg2+)-ATPase star-
ting from the dose of 5 krad, with only about 20% control act-
ivity at 20 krad [8]-

MATERIAL AND METHODS

Lymphocytes, platelets and erythrocytes from porcine blood
were used in these studies on the effect of radiation on nucle-
otides. Lymphocytes were obtained by the gelatine method of Ma-
lec et al [10] adjusted to own conditions. Blood was taken in
3% sodlum citrate. Heparin was not used, taking into account the
antiheparin activity of leukoéytes, which could affect tte level
of free nucleotides in these cells. Leukoéytes seem to take part
in the process of binding heparin 1in vivo and its removall from
the organism; this hypothesis is supported by an increase in the
leukocyte count following heparin administration.

Piltered blood was added to 3% gelatin solution on 0.9% NaCl,
at a temperature of 50-60°C and the mixture was left for 50-60
min at 37°C in order to sediment erythrocytes and granulocytes.
The upper layer of the Tfluid, containing mainly lymphocytes was
collected with a syringe. Lymphocytes were sedimented by centri-
fugation (1000 rpn, 10 min). Contaminating erythrocytes were re-
moved by suspending the Ilymphocytes in a-small volume of physio-

logical*saline and hemolysis by a modified method of F a 1-
1 on et al. [6] consisting in the addition of chiiled distil-
led water to the celi suspension, followed by the addition of
chiiled 3.6% NaCl solution to resorte the physiological saline

concentration after 15 sec. The hemolysis was repeated, and the
lymphocytes were suspended in veronal buffer, pH 7.2. Celi via-
bility was tested by staining with 1% eosine solution (30 min,,
at 37°C). Under these conditions dead cells take up eosine while
viable cells are not stained. Granulocyte contamination was est-
imated from smears stained according to Pappenheim. Erythrocyte
contamination was determined by comparison of leukocyte and ery-
throcyte counts of the preparation from the same Burker chamber.



The number of erythrocytes was divided by the number of lym-

phocytes .

Blood platelets were obtained by the method of Majda
and Kotelba-WIltkowska [91- Blood was taken into
0.077 M EDTA, pH 7.4. In order to prevent adhesion and aggregat-

ion of Elatelets, all the preparation procedure was carried out
in plastic vessels. The platelets were harvested by the method
of successive centrifugabions. First centrifugation (2,500 rpm,
8 min) ylelded platelet-rich plasma. From further centrifugation
of this plasma (2,500 rpm, 25 min) a compact sediment of platel-
ets with an admixture of other morphotic elemerits and supernat-
ant (platelet-poor plasma) was obtained. This supernatant was
discarded, and the platelet sediment was suspended in physiolog-
ical saline and centrifuged several times iIn order to separate
the platelets from the contaminating erythrocytes and leukodytes.
The purified platelet sediment was suspended in 0.9% NaCl and
counted in a Thoma chamber following staining of the platelets with
Rus-Ecker Blue. Celi viability was tested by staining with 1%
Trypan Blue in 0.9% NaCl. Contamination of platelet preparations
was estimated from smears stained according to Pappenheim.

Erythrocytes were obtained from ACD-treated blood and washed
several times with 0.9% NaCl.

The acid-soluble fraction of control and irradiated samples
was obtained by the method of Bartlett [1]- Separation
of nucleotides was performed on Dowex 1X4, 200-400 mesh by the
Mills method of continuous column chromatography in a formie
acid-ammonium formate system. The ohtained 3 ml fracdtions of the
eluate were analysed spectrophotometrically at 260 nm. The con-
tents of nucleotides were calculated basing on millimolar abso-
rption coefficients, equal to 14.4 for adenine compounds, accor-
ding to Mills.

Preparations of porcine blood lymphocytes platelets and erythro-
cytes were irradiated from a ®°Co gamma source at a dose-rate of
500 rad/min, in the dose-range of 0.5-500 krad. All estimations
were carried out [Ih _after irradiation.

Apart from the above mentioned calculations, the dose-resp-
once curves were approximated by orthogonal polynomials. This
approach consists in the approximation of a curve passing through
given points by the method of least sguares, assuming Tfunction



given by sum of orthogonal polynomlals Ralston [13]- In
this method a polynomial is constructed:
Ok = p(x) + r(x) < d(x)

where p(x) is a polynomial of order L-1, passing through given
points™ for k =1, 2..., L, g(x) 1is a polynomial of order N-L,
minimalizing the expression:
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where

-

r(x) =

C1-(x - x)
k=1 *
Polynomlals p(x) and g(x) are found by means of orthogonal poly-

nomials, defined as follows:

1 n-1
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The approximating polynomial is in turn, a linear combination of
orthogonal polynomials <qQ, o0 ... ON

{k) = Z anPn (x)
73=0

The sought polynomial is calculated finally using the formuta

>

Q = X a3Xi = ao +'al* + a2*2 + +  aWif"

RESULTS

Cheakup of Ilymphocyte viability demonstrated that dead cells
constituted less than 2% of the total population studied. Lym-
phocytes constituted about 91% of all leukocytes of the preparat-
ion. Granulocyte contamination amounted to approximately %, ery-
throcyte contamination was equal to about 0.9 erythrocyte per



Fig. 1. Effect of gamma-irradiation (0.5-6 krad) on the levels of AMP, ADP
and ATP in porcine blood erythrocytes, 1N after irradiation, (e—— <) exper-
imental data, - = x) mathematical data

Wptyw promieniowania gamma (0,5-6 krad) na zawartoz6 AMP, ADP i ATP erytro-
cytéw wieprzowych, 1 godz. po napromienianiu, (e----- ) dane doswiadczalne,
(¢~ =— X) dane matematyczne

8/iMHHMe ]p-M3/)yHeHMfl ® (0,5-6 Hpafl) Ha coflepwaHMe AM¥*, Afl* u AT*
e 3pMTpounTax KpoBH cbhhsm, na¢ nocne ofi*yHeHMH, (e——--¢) OnbIT-
Hbie flaHHbIS, (X -=--- -—-x) BbdHMC/ISHHbIB flaHHbie



Fig. 2. Effect of gamma-irradiation (0.5-7 krad) on the levels of AMP,  ADP

and ATP in porcine blood lymphocytes, lIh after irradiation, (o-—--- ) exper-
imental data, (O~ =— X) mathematical data
Wpdyw promieniowania gamma (0,5-7 krad) na zawarto$¢ AMP, ADP i ATP limfo-
cytow wieprzowych, 1 godz. po napromienianiu, (=--- ) dane doswiadczalne,
(~ =— X) dane matematyczne
B/iMfiHMe X'H3/iyMeHMH (D ,5-7 Hpafl) Ha'coflepwaHHB AIW, u ATS$
B ~HMI))o4MTax HpOBM CBMHBM, 1 HaO nOCHB od/iyHSHHFI, (*--- <) onbIT"
Hbie flaHHble, (X--=—= X) BbIHMC.nBHHbIS flaHHble

/



Fig. 3. Effect of gamma-irradiation (0.5-7 krad) on the levels of AWP, ADP
and ATP in porcine blood platelets, 1" after irradiation, C—-9 exper-
imental data, W -— x) mathematical data

Wpdyw promieniowania gamma (0"5-7 krad) na zawarto$¢ AMP, ADP i ATP phytek

krwi wieprzowej, 1 godz. po napromienianiu, (=—— <) dane doswiadczalne,
@G =— X) dane matematyczne

Bjimuhhb (0,5-7 Hpafl) Ha coflepmaHne AM®, AA® u AT®

B HpOOHHbtX nflaCTMHKaX CBHHG6H , 1 H3C nOClJIB ofinyHBHMH, (* <) 0"

nuTHue flaHHbie, (X— *— X) BhHMC-neHHue flaHHbie
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Fig. 4. Effect of higher radiation

doses (30-500 krad) on the levels of

adenine nucleotides of" erythrocyters,

1 after irradiation, X standard de-
viation

Wptyw wyzszych dawek promieniowania

(30-500 krad) na poziom nukleotydéw

adeninowych erytrocytéw wieprzowych,
1 godz. po napromienianiu

B/iMflHMe do/iee bncohmx floa hs-

ziyHeHHfl (30-500 Hpa.it) Ha  ypo-

BGHb aflBHMHaBfalX Hy K 60T MfIOB B

3pHTpQUHTaX HpoflH C6HHSM, 1 M3cC
nocne oSyneHHR

one lymphocyte.
20 times lower
of erythrocyte adenine

Since, the level
than the* ATP level
nucleotides

UH 30 krad
[t 50 krad
3sB 500 krad

AMP ADP ATP
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Fig. 5. Effect of higher radiation

doses (30-500 krad) on the levels of

adenine nucleotides of lymphocytes,

1 after irradiation, 1 standard
deviation

Wpdyw wyzszych dawek promieniowania

(30-500 krad) na poziom nukleotydéw

adeninowych limfocytéw wieprzowych,
1 godz. po napromienianiu

B/iHHHwe fio/iee QbicoHHx floa- H3-

/iyheHmr (30-500 (fpafl) na ypo--

BBHb afl6HHHOBtalX HyH.IfiOTMfIOB B

JIHPKtOUHTay HpOBH CBMHOH, 1 4JC
nocne ofi/iyneHun

of ATP iIn erythrocytes is about
in lymphocytes, the
in the
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of the preparations was less than 5%.

In the platelet
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preparations,

in the dose-range of 0.5-7 krad
the same pattern of changes

erythrocyte contamination amo-

and the leukocyte contamination to about 0.6%.

induced 1b
in the content of



adenina nucluotides in all three types of cells studied. Each
oxperimental point oorresponds to the mean valuc of 5-8 estim-
ations (Fig. 1-3).

The presented plots indicate a good consistency of the graph-
ical illustration of our experimental data and the data computed
by moans of mathematical functions. For higher radiation doses
(30, 50 and 500 krad) only in the ca3e of erythrocytes no sig-
nificant changes in the levels of nucleotides, Pl after irrad-
iation, were found (Fig. 4).

In the case of lymphocytes and especially blood platelets a
significant decrease of ATP level Il after irradiation was obser-

ved (Fig.- 5, 6), which may be due to a leakage of nucleotides.

ezz3 30 krad
czp 50 Krad
se2 500 krad
ArAP ADP ATP
iii 100X
—
/

Fig. 6. Effect of higher radiation doses (30-500 krad) on the levels of aden-

ine nucleotides of blood platelets, Ih after irradiation, 1 standard devia-
tion
Wpdyw wyzszych dawek promieniowania (30-500 krad) na poziom nukleotydéw ade-
ninowych ptytek krwi wieprzowej, 1 godz. po napromienianiu
E/iMflHkie do/iee bucokmx flo3 Kis/iyHBHMfI (30-500 «kpa,q) Ha ypoaeHb a-
fleHHHOBbIX HyH”eOTHfIOS B KpOBHHdAX n/iacTHHHax CBHHGH , 1 nac nocl/ie
0C/iyHSHHH

On the basis of the obtained results one may c¢onclude that

the observed changes in the levels of adenine nucleotides foll-



owing irradiation with doses up to 7 krad, can not involve rep-
air processes nor disturbances of DNA metabolism since they are
analogous in lymphocytes, blood platelets (lacking DNA) and ery-
throcytes (lacking DNA and cellular organelles). One may sugg-
est therefore that the changes in the content of adenine nucleo-
tides induced by the above mentioned doses are due to damage of
the celi membranes.

As the adenine nucleotide feedback mechanlsm belong to me-
chanisms controlling the energy metabolism of erythrocytes, any
changes in the content of these nucleotides evidence augmentation
or diminution 1in the rate of metabolic processes and of active
ion transport. Taking into account the inactivation of ATPase
above 10 krad [4, 5, 8], one may suggest that the pool of aden-
ine nucleotides becomes more and more useless for the cells and
can not be utilized for repair pfocesses at doses exceeding about
20 krad.

On the basis of the obtained data one may postulate the fol-
lowing sequence pattern of changes induced by doses of 0-10 krad
of gamma radiation:

- damage to celi membrane due to destruction of SH groups
and abolition of Na+, K+ permeability barrier,

- an increased demand for and an augmented decomposition of
ATP to ADP, AMP and finally to hlpoxanthine,

- disturbances to energy metabolism.
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WPLYW PROMIENIOWANIA GAMMA NA METABOLIZM ENERGETYCZNY
ERYTROCYTOW, LIMFOCYTOW 1 PLYTEK KRWI WIEPRZOWEJ

Praca dotyczy wpdywu promieniowania gamma w zakresie dawek 0,5-500 krad na
zawarto$¢ AMP, ADP i ATP erytrocytéw, limfocytéw i phytek krwi wieprzowej -
Stosowane promieniowanie gamma we wszystkich 3 przypadkach wywotuje ten sam
charakter zmian w zawartosci nukleotydéw adehinowych. Zalezno$¢ zawartosci
nukleotydéw od dawki promieniowania w zakresie 0,5-7 krad uzyskana ekspery-
mentalnie Jest wysoce zgodna z zastosowanymi obliczeniami matematycznymi. W o-
parciu o otrzymane wyniki sugeruje sie, ze popromienne zmiany zawartosci nu-

kleotydow adeninowych "zwigzane sg z uszkodzeniami b#on komérkowych.



304ifl i1cabBHH, Banfla /ibmko

BIMRHME T-M3*yMEHMfl HA SHEPrETHHECHHR MET ABO/1H3M
3PHTPOL(HTOB, /1IMM4>DUHTDB M KPOBRHUX [1/1ACTHHOH
CBHHEK

CTaTbn HacaBTcn  b/imfihhh y-ManyseHMH s Ananasowe flos 0,5-500
Hpafl Ha coflepmaHwe AM®, AA# m AT® b 3pwTpoidMTax, jiHMi)ioidHTax w
hpob rHbix nnacTMHKax cbhhbm. Bo Boex Tpex c/iyHanx npmiaHfiBHoB M3-
/iyhbhmb rarwa BwauBasT TaHofi we xapakKTBp hsmbhbhmm coflspwaHMH a-
FIBHMHOBbIX HyHFIBOTMFIOB. O06HapyWBHHaH B 3KCnepHMOHTaX 3aBMCHMOOTb
coflspmaHMH HyKnBOTHFIOB ot fl03bi H3iiyMBHHFI "b  flManaaoHS 0,5-7 Kpafl
XOPOWO Cor”aoySTCFI C npMMBHFieMbIMM MaTSMaTMHBCKHMM paCMBTaMH. Ha
ocHosaHMM no/iyHBHHUx flahHbix npBflno/iarasTCB, hto nocTpaflwauMOHHbTB
HSMBHeHHF1 COflepwaHMfl afleHVHOBbIX HyH/IBOTHFIOB CBflaaHbl C noapBWFIBHM-
BM H/18TOHHbIX MeMOpaH.



