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NEW RESULTS OF OUR SUPEROXIDE DISMUTASE STUDIES
AND FUTURE PLANS IN THIS FIELOS

Our current studies relating to changes in superoxide di-
smutese sctivity can be divided into four groups:

a) In joint work with the Department of Paediatrics of
the University Medical School in Szeged, we have studied and
compared the superoxide dismutase sctivities, other enzynmes
of the oxidative metabolism and the lipid peroxidation in
some genetically well=-defined diseases. In this group we
have exeminad, and continue to examine, the activities of
the antioxidant enzymes in children with cystic fibrosis or
with Duchenne muscular dystrophy,

b) In other joint work with the Departuwent of Paedis~
trics of the University Medicsl School in Debrecen and the
Children’s Hospital in Szeged, we examine the effects of
Depenicillamine and of ribeflevin in neonatal hyperbiliru-
binaemias, Here too studies have been made of the effects
on the antioxidant enzymes, but more recently we have been
investigating the activities of delta-aminolevulinic scid
synthetsse and haeme oxygenase. : '

¢) We cooperate with the Department of Public Health and
Epidemiology of the University Medical School in Szeged in
clarifying the mechanisa of molecular action of the welleknown
dipyridyl herbicide parequat in various living organisms. An
account of some these investigations will be presented in our
other lecture,

d) We deal with the ever more important oxidetive metabo-
lism changes in human and experimental disbetes, We shall
?1ve a brief survey of our results in this field and of our

uture ideas.

Meterisle and methods

Venous blood‘ was taken from cubitel or umbilicel vein and

heparin wes used as anticoagulent. The red blood cells (REC)were
separated by centrifugation oqd washed 2-3 times with isoto-
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nic saline solution, Following this, the RBC were haemolysed
in twice their volume of distilled water by freszing end thaw-
ing and were separated from intact RBC and debris by centrifu-
gation., Haemoglobin interfares with enzyme activity measures=
ments and was removed from the haesolysates by chloroform/etha~
nol treatment, Aliquote of the initiaslly separated plasme and
the fipal supernatants of the haemolysatee were used for measure-
menta, ;

The DMD patients wera children of both sexes, agod 6=-12 yeare
and had been receiving vitamin E therapy for years., The normel
control velues are the means for a group of lo children renging
in age from 4 to 12 yesrs. 1 :

The adult control humen blood samples were obtained from the
Blood Donor Center of the University Medical School of Szeged,
while the diabestic human blood samples originated from the Dia~
betic Station of the University Medical School of Szeged.

About 2000 registrated diasbetice in a population of sbout
170 000 at Pécs, 48 individuale of various sexes and ages with
diseases of different setiologies, treated with insulin or others
mere selected in accordance with the sims of the examinations. In
all disbetics the blood sugars were determined in the fasting
state. One of the bases of the classificetion was the bLlood su-
gar level. The washed diabetic RBC were haemolysed, and the en-
iyae activities were detsrmined from the aliquots of tho haololy-
sates., :

The blood glucose was alwaya deterained by the GOD=PERID (BY~
nringer, FRG) test. The examined patients uoro children into
the following three groups (1) 3,9-6.0 (n=10), (2) 6.1-11.0 (n=
= 18), (3) sbove 11.0 m/1 (n = 20) blood glucose. & o i

~ The cystic fibrosis (CF) children were sged 1-12 y.orn “and
were of both sexes, and the obligste hqtorozygous parents were
also of both sexes, Some of the CF children had been participat-
ing in continuous oral vitemin E treatment eince tho disgnosis of
their disasse. ‘

In the animal experiments for diabego- rate of both sexes
from the CFY strain were used, Comparisons were generally made
betwesn the deta on individuals of the lll.‘..i,. about - the same
weight and age. Diabetes was induced by i,v. administrstion of
gtreptozotocin (70 mg/kg) or alloxan (50 -g/kg) in distilled wa-
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ter solution. After the injections the rats were fed stan~
dard laboratory diet, with water end libitum. Of the rats trea-
ted with diabetogens, only those in which glucose could be de~
tected in the urine were regarded as diabetics, end only these
were used in the subsequent experiments. The rats were starved
for 12 hours before they were decapitated and exsanguinated. Thotr
tissues were homogenised at 0°C in e glass Potter homogenizer.

In general 1 g or less of wet tissue weight wae homogenized
in 1 3 10 wl ratio (or a proportionslly chosen amount) of 0.005 ™
phosphate buffer (pH 7.2) and the supernatant from the centrifug-
ed homogenisates were used for determination of enzymatic asctivi-
ties.

For toxicological examinations CFLP mice of both sexes, with
weights of 21-36 g were vsed, The mice were kept on normal fead
snd received water as the rats,

The RBC superoxide dismutese (SOD, EC 1.15.1.1.) activity
wae estimated from the extent of the inhibition of the supero-
xide (0;) = dependent epinephrine =« adrenochrome transforme-.
tion, 1 unit of SOD cen be regarded as the amount of enzyme that
causes 8 50% inhibition in the extinction change (min, as com=
psred to the control) Me t kovics etal.[11],

Cetelase (C-sse, EC 1.11,1,6) activity wes measured by the
method of Beers and Sizer modified by Ma tkovice et
al. [11], The extent of H,0, consumption, which depends on
the amount of onzyno, is messured 4n & given time under fixed
conditions. )

Peroxidase (P-pse, EC 1,11.1.7) activity of the haemolysetes
wars measured by the method of Maehly et al, described by M & t-
kovics etal,[11] The me thod 1s based on the spectropho-
tometric determinstion of'P-aio~ activity dependent on quotocol -
tetraquasiscol trons!orn-taon.

The glutsthione peroxidase ncttv:ty (GFhaoo. EC 1.11.1.9) was
measured by the combined method of Ch 4 u et al, [3]  with
cumene hydroperoxide substrate. The reduced glutathione residue
-ao'.ullurod by the method of S e dlak etesl[21],

The 1ipid peroxidation (LP) was dotcr.tnod by the -othod of
Placer eotal, [29]. :

The protein contents were measured npoctrophotonctrzcnlly by
the method of Lowry Qt al, [9]. '
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The resgents used wore of the purest quality, end were used
without further purification,

The results were subjected to statisticel evelustion with
the Student t test. All numerical data are given ss mesn =SD,
In the snzyme activity and LP memsurement the difference between
duplicate determinations were never in excess of 5%.

Results and diescussion

iike to make the following sdditions to - section
{e) in the firet part of the Summery:

Our colleagues with whom we collaborate in the Department
of Pasdiatrice st the Univorotty Medicel School 4n Szeged ere
K, Gyurkovits, A, Lészlé end A, Megyeri, Our joint work be=-
gen about 3 years ago, and is planned to continue 4in the futy-
re too. A few words will be said sbout this at the end of this
section, after the account of the details,

1. We first compared the REC antioxidant enzyme (ACE) sc~-
tivities and lipid peroxidation values in children with Duchenne
muscular dystrophy (OMD) and in heslthy volunteers of the same

~ege. The literature background for our studies was as follows:

i) A number of examinations had been performed on muscle
bilopsy material in DMD csses, the ADE activities being compared
with the values for normal muscle biopesy material., The same ap~
plied to the LP values, Such measurements were msde in & chick-
en musculsr dystrophy model, Per k ins et al. [18], and
on human satertial, Kar etel.[6] ,

i1i) The ACE and LP results relating to plaema and RBC hae-
molysates were fairly contradictory: in one case RBC membrane

-differences were demonstrated, while in another no differences
were found concerning the members of the AOE system, B u r r i
et. el. [1] Someaer et al, [22], . PRE 0

Our results sre ilustrated in the following Tab, 1.

It is clear thaet the LP values and the AOE activities of the
RBC haemolysatss in OMD are significantly higher than in heelthy
children of the sawe age, Moe t kovice et el. [13],

The other hereditary disease examined wae cystic fibrosis
(CF) (also known as mucoviecidosis), which was similarly inves-
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Ta+ble 2

TBA-reactive products (Lipid Peroxides ),
catalase and superoxide dismutase activities
in the red blood cells of DMD cases and heslthy individuals

Produkty TBA=reaktywns (nadtlenki lipiddw),
aktywnodC katalszy i dyemutszy ponsdtlenkowe]
w krwinksch czerwonych chorych z dystrofig migséniowg Duchenne ‘a
1 osobnikdw zdrowych

Controls oMD
Assay (n = 10) (n = 22) P
S00
u/g grot. 4 L7 131,9
mean=SD 1 266,0~237.7 -4 341,.6 p { 0.0005
Cease 3+ 3
BU/1 an-ol. 8.04 x 10 3 22.2 x 103 :
mean $.0.78 x 10 D1 % 320 p { 0,0005
TBA=reactive pla-
sma products
(n-gl MDA/l pla- is 0 e 10;’ }S 45 x 103
sma
aosntsD 1,50 x 10 9.47 x 10° p € 0.05
TBA«resctive pro-
ducts from hae-
nolysates
(nmol MDA/l hae-~ 3' 3
wol.) §0 . ,310.7 x 103 :
nean=5D 18.9 *115.1 x 10 p € 0,008

'au. Bergmeyesr units,

tigeted 4in collaborstion with our peedistric colleagues, Here,
fewer literature data were availeble on the oxygen metsbolism
change, F e 1 gal et sl.[4], Cempbell et al,
[2]. : ;

The first of these suthors demonstrated that in CF the co?*
uptake in the mitochondris is changed, end the oz rcqutregont ie
higher, In the other reference it wes shown that the 0, supply
to the tissues is impaired becsuse of the altorod fatty acid com-
" position of membranes.

' Our own results are outlinod in the next Tab. 2. This ngon
the SOD, C-asse and LP results not only for the 11 children, but
also for their heterozygous parents. In genersl 1t mey be said
that thc dats for the CF children and their parents are compar=
able, end in both cases sre close to the data for healthy odult&



B, Matkovies, L, Szabé, S, I, Vargm .

oF x 8°21 OT X Z°T%; | ot % 6°57; | 8% 3 : 8:....3
£o1 x £789 nnon x 8°89 £.0T x ¥°2$ n aom : C . ("Towes
: : ko .n}a! 3!5
: S sromwesy
e - ®woJ4y s39npoad
~ o i F- = SATIONI I~y |
oF % 0°23 OF ¥ '3 O X 6°S3. O X §°I3 . (ewsapd
£oot x g2 £0F x 6°2 noa x £°0F |. no« x op° - T/VOR Towu)
£ < § *304d ewserd
L ,,h.>q~oooga(nhv
s o : (02 = u) : RN 3
0% X ¥* 0% % £° gOF x 89° om : xR.?. . gspueew
ROEEE eor x 2° £.0t x o’ ma x 89°2 *rowsey’1/na
o eseey
: . (26 = W) s _usem
£°28T; 29T 8 T 8°98%; ,1°808 T L e .:tw u\no
: " 3 ; < . e 5 S |
0T X 08°09; | OF X £6°19 Ot X §°26 0T % £°15 . a8 uesw
fot x sg-66S fot x £9°965 3207 X m.oum non x o.nom .no-o-m n
(8 = u) (0f = u) : 3«..5 : :
(ST = U) : : (8288A 55=0Z WO4y)|(s1e9A 2T~y wOsy
A-souwcmmMWNouMm*v se3o0BAzosoy 49 II dnoib eby 1 dnoib eby - v ; maww(.
-Azoseiey s3e831q90 SOATBA

(YaAmojotm dnubB yosAuzea 2 -uouucoxv

32

loouuno;:o«uoﬁ@ﬂnuo«lousuudnva:cx«cuo:uo sQ»!bgvu .
YSAUOMISZD YoeMUTMIY T NZI0SO mo«xuu:ﬂ IMay oM : ,
(MepTdil TueTIpsu) sumAijNess-ygy Aiynposd ¥ Azereiex ‘[emojusripsuod >n-uano>v ovocxhux<

(8dnosb oBe US4 TP WOSJ ST0IIUOD) sIVessd JTEY3 PuUR S9SED 4D TSIEAIUNTOA AyiTesy 4o
(083 pue smwseld) pooTq uswny Uy (sopixousd PISI]) SIINPOId SATIDESI~ygL Pue
89T3TATION SSSTB10D pPue OSBINWSID SpIxosedng

s eTqgey



e

b

B.U4

Naw results of our superoxide dismutase etudias 33

The SOD and C-ase sctivities of CF children are significently
higher than those of healthy children, wheress the LP 18 lower,
The increased activities of the two enzymes may be & conseguence
of the pasrtial enoxia, while the LP decrease may be rolated to
the incressed viscosity of the blood in thim disesse,

Vie consider that the high ACE sctivities, together with the
partial anoxia, may be correlated with the rapid eaging of the CF
children Ma tkovice et al, [14, 15],

In a few cases we have examined the RBC AOE syetem 4in Down's
syndrome, but our results so far are in contradiction with the
litersture date. We have found lower ADE activities,

We sre continuing with examination of the carbonic acid oane
hydrase asctivity in CF, and ere ascquiring new data on Down”s
disease. '

Part (b) is supplemented as follows: From the Department of
Paediatrics at the University Medicel -School in Debrecen, L, La-
ketos and his colleagues reported in 1976 that large doses of D-
«penicillamine (D=PA) (Motulcopraoon. Roche) induce @& repid fall
of the high billirubin level in premature infants and neonates
with hyperbilirubinaemia. The oxygen treatment of prematures
(which among others serves to lower the hyperbilirubinaesia) may
be followed by retrolental fibroplasia, which can resnlt in
blindness. This complication is prevented if D=-PA is administra-
ted in parallel with the oxygenation Lekatos et al, [7,
8l.

. The question arises of how D~PA acts, It was first believed
that it playe & role as a metal-chslsating agent in the metabolism,
However, this has not yet bean conclusively proved by any
asuthors. Our studies to date permit the following remsrks about
the effect of D-PA:

1) D=PA lowsrs tho . primarily as a membrane protector, in
the liver of newborn rets, 1In sdult rets it incresses the acti-
vities of the AOEs in most organs Moe t kov 1 cs et al. [12],

11) D=PA enhsnces the .cttvtty of hseme oxygensse O r o & ze
1én et al. [16]. ‘

Here we plan to etudy the porphyrin notnboltoa enzymes,  and
primarily delta-aminolevulinic ecid synthsee in the near futura,

In joint work with the Children’s Hospital in Szeged, we
have investigated the sutocatalytic effect of riboflavin (vits-

.~
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min B,, Baflevin®, Roche) observed in hyperbilirubinaemia, It
wos reported by L. Pa tak 1, et al. [17] that exchange

trenefusion cen be avoided in hyperbilirubinsemic prematures and

neonates if the "blue light” treatment is combined with the ad-
ministration of riboflavin, These results are of importance,
partly as concerns the curing of 111 neonates, and partly for

reasons of economy, Here too we have compered the AOE activities
and the LP in children trested with exchange transfusion, with
blue light, with exchange transfusion + blue light, aend with
blue light + riboflavin., These examinations are also continuing.

The work in point (c) is common research with K. Barabés,This
has been going on for sbout 5 y'oro.' end relates to the effect
of Gramoxon™ (which contains parsquat &s active ingredient) on
mammala, fish and smphibia.

Table 3

Most important measured parameters
of humen diabetics and controls blood

Najwazniejsze par

ametry oznaczane we krwi diabetykéw
i oséb zdrowych

[ Parameters

Controls

Disbetics

1 Glucoss

ng/1
menn?go

ml blood

Protein
ng/ml plasmae
meantS0

Protein
mg/m} haemolysates
nean-50

GP=gse
U/ml*haemolysate.
nean-350

P
M Fnﬁ/nl haemol,
maan - SD
C-&se
By/nl -hesmolysate
reuntGD

i
Voape
| SGOD
0

|

I
{
!
5
¢
i
!
i

U/ml haemolysates
raBn>SD
|

81,5%10.4

89.4%4.6
569.82131.5

6.4320,65

242,8276,0

| 755.4%61.6

2,29%0.78

210.3%54.7
78.315.1

501.2%172.9
15.4520,58
515;0*45.0
2.1516.23

23.0%3,3

p < 0,01

. p < 0,01

p ¢ 0.002
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The fish AQE investigations were joint work, 4in part with J.
Nemosdk ot al. 4in the Department of Biochemistry of our Univer-
eity, and aleo with the team of Prof, Leyko 4in the Department
of Biophysice at the Univereity of Lodz 4in Polend., I do not
wish to go into deteils here on this, I presume that siwmilar to=~
pics will be diescussad in other lectures, or thet we shall we
eble to telk about our resulte separately,

To turn to section (d), ‘our results to date are presented in
Teb, 3 end Tab, 4. They deal with the resulte of qur humen blood
examinstions (Tab. 3)., These relete in part to experimentsl die~

SO U/!
210y sobulg sick
10F 5'10!
gt \ 44
§
6t § 3
] x !
§
2r \ 1t
\

Ne sk 38 e NS R e

Fig. 1, 500 activities in U/ and U/g protein units (means 2SD),
Actual blood glucose levels during trestment: 1) 3,9«6,0 (n=10);
2) 6,1-211,0 (n = 18): 3) sbove 11.0 wmol/X (n = 20). Period sin-
ce disagnosis: A)0=5 (n » 15); B8) 5«10 (n = 17); C) above 10 yesrs
(n = 16), Therapy: &) insulin + diet (n = 22); B) orsl antidisbe-
tics, mainly of sulphenylurea type (n = 23); g) diet cerbohydrate
restriction (n = 3), Normal values relate to haemolysates of he~
perin-containing blood from the Blood Bsnk in Szeged (accuracy
of enzyme determinations: *8%)

Aktywnoéé SOD w U/I orsz U/g bialke (érednia *sSD), Pozionm ?l.ukoz i
w czasie dodwiadezenia: 1) 3,9-6,0 (n = 10): 2) 6,1-11,0 (n =18)
3) powyzej 11,0 mmol/l (n = 20), Czas stwierdzenia choroby A)0-5
(n = 15);: B) 510 (n = 17): C) ponyzog 10 let (n = 16), Terspia:
a) dnsulina + diats (n = 22); b) santybiotyki doustne.giéwnie sul=
fanylomecznikowe (n » 23); ¢) dieta bezcukrows (n = 3), Wartodci
kontrolne otrzymeno uzywsjge hemolizetéw krwi pobieranej na he-
paryng w Stacji Krwiodewstwa w Szpged (doktadno$é¢ oznaczed en=-
zymbéws <5%)
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betes material (Tab, 4), these wore rat experiments, where al-
loxan and streptozctocin were used as diabetogenic sgents, From
these it 18 quite clear that in both ceses the AOE defence is 1o~
wered, If we take into account the newser results, which strik-
ingly demonstrate the importance of oxygen redicals in experimen~
tal disbetes (alloxan —— dialuric acid + o;). Houé e-L o~
vin etel, [5], Robins etel (20], significence
must be attributed to our human results connected with the de-
creased antioxidant defence. An example ie provided here by our
joint experiments with J, Strenger [23], Figure 1
shows the decrease in one of the AOEs in parallel with the in~
cresse in the glucose concentration of the RBC hsemolysates, also
illustrated is the correlation between the time of diegnosis of
the diabetes and the SOD activity of the haemolysate, together
with the correlation between the diabetes treatment and the ha=-
emolysate SOD. Figure 2 presents the C-sse reactions as a func-
tion of the above conditions, and Fig. 3 the P-ase changes,

Figure 4 depicts the SOD decrease in human material as func-
tions of the disgnosis end trestment time.

C-ase
BU/g prat.
112 NI
C-ase .
BU/ I 10
ox10°F 18
10F § 4
o \\‘ \
0.5k \ 2
N |

Fig. 2. C-aso octtvstiot in BU/1 and BU/g protein units., For no-
tes, see Fig. 1 :

Ak tywnodc Ceazy w BU/I oraz BU/g bialka. Objeéntenia jdk do
rys. 1 ‘ . g
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P-ase U/g prot.
’ \
10m0°

p-ase U/1
i

15

W//W—ﬂ‘

Fig., 3. P-sse activitiee, For notes, see Fig. 1
Aktywnos$é P-azy. Objménienis jak do rys. 1

SOD U/ prot.
50D U/1 ' © o dawig?d

——— |

AR o e ¥ R 3 ‘ 4 year
Fig, 4. S0D sctivities ae a function of the period since disgno=
' sis and commencement of treatment

Aktyenoéc SOD w funkcji czasu, ktéry uplynal od diagnozy 1 po-
czgtku dodwiadczenia ‘
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It should also be mentioned hare that, 4in cooperation with
oxygen radicale, the anthregycline antitumour agent adriamycin
becomee cardiotoxic, with scavengers (OMSO and ascorbic scid) the
sntitumour effect remains unchenged, while this toxicity of the
drug {s diminished Ma r 4 éd n et al, [10],

Finelly, I should like to express my thanks to our hoste, and
perticulsrly to Professors Krajewski and Leyke, for providing mae
with the opportunity to ettend., My thanks sre aleso due. to all
those who take part in our joint work, including those who wmay
not have been mentioned by name.
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NO*E‘WYNIKI BADAN WLASNYCH DYSMUTAZY PONADTLENKOWED
: I ZAMIERZENIA BADAWCZE

Prace podsumowuje badanis aktywnoéci dysmutezy ponadtlenkowej
w przypadkach wybranych chordéb dziedzicznych i cukrzycy oraz mo=
lekularnych mechanizadw dzielenis parskwetu w réiznych warunkach, a
takze Depsnicyloaminy i ryboflawiny w hiperbilirubinemiach,



