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addition of perchloric acid.” ATP and DPG were deter-
mined within 24 h,

Discussion. Several studies have shown that DPG and ATP
(DPG more so than ATP!%) are important physiological
regulators of oxygen affinity of hemoglobin. DPG and ATP
combine reversibly with deoxyhemoglobin!®1. If the levels
of these metabolites increase above normal, the hemoglo-
bin affinity for oxygen is decreased. The result is a right
shifted oxygen dissociation curve which permits tissue
demands for oxygen to be met when oxygen tension is
reduced. ATP and DPG levels are increased in patients
with long standing hypoxias such as anemia and pulmonary
dysfunction®. This change allows these patients increased
oxygen delivery. The cause of the altered ATP plus DPG
levels observed in our study has not been definitely deter-
mined. Most likely, however, the explanation for the small
alteration in metabolite levels reported herein is related to
the tendency towards anemia observed in our study as is
indicated by the statistically significant decrease in hemo-
globin level or hematocrit (table). This interpretation is
consistent with several others in which DPG and ATP are
increased when hemoglobin levels are decreased”>-%.
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Changes in mouse liver superoxide dismutase activity and lipid peroxidation during embryonic and postpartum

development’

R. Novak?, B. Matkovics, M. Marik and J. Fachet

Biological Isotops Laboratory, ‘A.J." University of Szeged, and Institute of Genetics, Biological Research Center of the
Hungarian Academy of Sciences, H-6701 Szeged (Hungary), 17 October 1977

Summary. In inbred mice possessing ‘high’ and ‘low’ tissue superoxide dismutase (SOD) activity, it was observed that the
difference in the SOD activities of the liver homogenates during development attains the maximum characteristic of the
strain by about the 150th day. Subsequently, the SOD activity change displays a tendency in contrast with the age and the
basic state. In the course of the development, a difference was also observed between the 2' mouse strains in the lipid

peroxidation variation.

In the view of many authors, superoxide dismutase (EC
1.15.1.1) is one of the most important enzymes of aerobic
life**. Our own examinations were primarily aimed at
clarifying the roles of the peroxide metabolism enzymes,
ie. SOD, peroxidase (EC 1.11.1.6) and catalase (EC
1.11.1.7) in cell respiration and in cell defence against
external damage’. We were also interested in the changes in
the liver SOD and the lipid peroxidation (LP) in the course
of development, and we therefore made a study of these in
2 inbred mouse strains, 1 possessing a ‘high’, and the other
a ‘low’ SOD level.

Materials and methods. The mice used in the examinations
were the inbred strains BIO and BIO.A provided by the
Institute of Genetics of the B.R.C. Szeged®. The mice
consumed normal rat pellets, and received water ad libi-
tum. On the 10th day of intrauterine life, the SOD activity
of the total embryo homogenate was determined. In the 20-

day embryo, and subsequently, the liver could be well
separated, and thus only the SOD activity and LP of the
liver were examined. In general the crude liver homo-
genates were prepared in 10 volumes of 0.05 M K,HPO,
solution (pH 7.8). The homogenates were centrifuged at
8000x g for 15 min, and aliquots of the supernatant, or
appropriate dilutions of this with the above phosphate
buffer, were used for SOD measurement. Protein concen-
tration was determined by Lowry’s method®.

Lipid peroxidation was measured via the thiobarbituric
acid colour reaction on the whole homogenizates at 548 nm
by the method of Placer et al.'% The SOD activity was
measured by the method of Misra and Fridovich!!, using
the epinephrine adrenochrome reaction. Under these con-
ditions, the rate of increase of A,q due to adrenochrome
was about 0.01 units/min. 1 unit of SOD activity was defined
as the amount of the enzyme required for 50% inhibition>®.
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Table 1. Liverhomogenatelipid peroxidation data for mice strains B10 and B10.A of various ages in terms of nM MDA /mg protein. X+$
(n=10)
LP values in uM MDA/mg protein and uM MDA/g wet tissue wt
Age (days) B10 BI0.A
Embryo 10 0.65£0.04 0.021£0.001 0.64£0.05 0.022+0.001
20 0.80+0.07 0.008 £0.001 0.70+£0.06 0.008+0.001
Postpartum 1 0.85+0.08 0.008+0.003 0.98+£0.08 0.010+0.001
30 1.4010.12 0.007+0.003 2.65+0.19 0.014x0.001
90 3.15+0.30 0.021+0.001 4.90+0.38 0.029+0.002
120 3.401+0.25 0.020+0.002 7.10£0.70 0.044+0.003
150 3.30+0.35 0.01640.001 6.40+0.55 0.035+0.003
200 3.20+£0.27 0.014+0.001 5.20+0.43 0.02510.002
250 4.00+0.38 0.022+0.001 3.00+0.27 0.018+0.001

Table 2. SOD activity values in mice liver homogenates of various ages in units/g wet tissue wt and units/mg protein, respectively.

X+S (n=10)
Liver SOD values in units/g wet tissue wt and units/mg protein
Age (days) B10 BIO.A
Embryo 10 230+ 221 50+04 195+ 18.6 35102
20 1760+ 150 245423 1370+ 125.5 185+ 1.8
Postpartum 1 2260+ 220 224420 940+ 93.6 9.2+0.8
30 3950+ 300.5 30.5+2.8 1800+ 170 120+1.0
90 5400+ 535.5 42.1+4.1 2800+ 268.5 232+2.1
120 7500+ 735 530152 4460+ 428 29.0+2.6
150 9407 £ 935 540+5.1 4500 + 440 28.5+2.2
200 8300+ 828.5 439143 6650 £ 645.5 36.9+3.1
250 6000 £ 580 319431 9300 £ 900 48.8+3.6

All of the chemicals used were of the highest purity. All of
the data reported are the averages of 10 objects and
10 measurements in each case (n= 10). The SE of the SOD
assays is about +10%, and that of the LP about +5%.

Results and discussion, Table 1 presents the LP values for
the 2 inbred mouse strains, expressed in pM malondialde-
hyde (MDA)/mg protein.

2 tendencies can be observed from the data of table 1: a)
after a certain stagnation, the LP values calculated in terms
of uM MDA/mg protein display an increasing tendency
with age; b) when our results are compared with the rat
liver mitochondrial LP decrease during the embryonic
period as described by Utsumi et al.'%, the difference can be
perceived only if the MDA values are referred to mg
protein and not to g wet tissue wt. Analogous observations
relatliSng to rat liver homogenates are now awaiting publica-
tion".

Table 2 compares the SOD values of the liver homogenates
of the 2 mouse strains. The data show well that the SOD
activities of the liver homogenates progressively increase
during foetal development. This increase comes to a stop,
and for strain BIO.A even changes to a significant decrease,
in the first period of postpartum life. Following this,
however, the increase again becomes progressive, and by
the age of 4-5 months the value reaches a constant level. It
stagnates here until the obvious signs of aging appear (see
the values measured at the postpartum age of 9 months). It
is also very important to emphasize that the above tendency
relating to aging refers to the BlO strain. At the same time,
a continuous increase with age can be detected in the SOD
activity values of the BIO.A strain crude liver homogenate.
However, significant differences can be demonstrated be-
tween the 2 strains as regards their immune response also®.
It emerges from our data, therefore, that, from the em-
bryonic age on, including the extrauterine life, the LP
progressively increases in the liver tissue. The LP increase
in the liver tissue is not hindered by extrauterine life. The

liver LP reaches a new constant level in extrauterine life,
which rises further only when aging begins.

From a comparison of the data of tables 1 and 2, it appears
that, similarly to the rat liver data of Utsumi et al.'?, there is
an inverse relation between the liver SOD and the LP, in so
far as higher liver homogenate SOD values are accompa-
nied by lower LP values.

It is also unambiguously shown by our examinations that
the blood oxygen increase occurring as a consequence of
the extrauterine pulmonary respiration is one of the induc-
tors of the synthesis of SOD.

—
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