DECREASED ACTIVITY OF THE IRON-CONTAINING
ENZYME CATALASE IN HUMAN IRON-
DEFICIENCY ANEMIA*
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Iron-deficiency anemia is the most common form of anemia in
infancy, early childhood, pregnancy and in lactating women. Iron
is essential in the biosynthesis of hemoglobin and myoglobin. It is
also very important for cell metabolism in the electron transport mech-
anism which is handled by the iron-containing cytochrome system.
Additional physiological roles of other iron-containing enzymes, such
as peroxidase and catalase, are not clear. It has been frequently
observed that during the treatment of severe iron-deficiency anemia,
before a reticulocyte or hemoglobin response occurs, there is definite
improvement in appetite and sleeping habits and a reduction in
irritability.t2 Muco-epithelial and epithelial appendix changes in
adults with iron-deficiency anemia cannot be explained on the basis
of anemia alone. In view of the above observations, it was conjec-
tured that decreased activity of iron-containing enzymes in iron-
deficiency anemia was the cause, and activities of these enzymes have
been measured in animals 4567 and in humans. 891011 Although
decreased activity is known to occur in animals with iron-deficiency
anemia, to date abnormalities have not been shown with any
certainty in humans.

The catalase activity in erythrocytes was determined in 21 patients
with iron-deficiency anemia at Children’s Hospital Medical Center,
Boston. All were found to be low. We continued determinations of
serum iron, hemoglobin levels and erythrocyte catalase activities
on 13 of the 21 patients. These returned to normal levels following
treatment with oral ferrous sulfate.

* Portion of Docent Thesis to be presented in November, 1964. This study was done while
working under Dr. Louis K. Diamond as a trainece and rescarch fcllow in rescarch hema-
tology at Children’s Hospital Mcdical Center, Harvard Medical School, Boston, Massa-
chusctts.
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. Materials and Methods

Normal controls comprised medical and laboratory personnel
whose hemoglobin levels, serum iron concentrations and serum
iron-binding capacities were within normal limits, and some of the
children who after treatment for their iron-deficiency anemia had
shown a return to normal of their hemoglobin, serum iron and serum
iron-binding capacities.

Iron-Deficiency Anemia Cases

Eighteen of the 21 cases of iron-deficiency ancmia were children
between 8 and 36 months of age. The remaining three patients were
girls ages 8, 10 and 14 years with chronic mastoiditis, cirrhosis and
periarteritis nodosa, respectively. All of the 21 patients had low he-
moglobin and serum iron levels and the peripheral blood and bone
marrow investigations yieclded results of iron-decficiency anemia.
All of the treated patients responded to iron administration.

Since the erythrocyte catalase activity was found to be low in
cases of iron-deficiency anemia, studies of this catalase activity were
made in other hypochromic microcytic anemias and in other hema-
tologic disorders with low hemoglobin concentrations (i.e. thalassemia
syndromes, anemia of infection, sickle cell anemia, aplastic anemia,
spherocytosis and leukemia).

The erythrocyte catalase activity was measured by a modification
of the method of Takahara, et al.t3 This modification consisted of the
substitutions of 0.025 N potassium permanganate for o0.005 N, which
was kept in a dark-colored bottle. Assays were performed on heparin-
ized venous blood immediately or within seven hours on refrigerated
samples. The hemoglobin and hematocrit levels were determined by
conventional methods. Red cell counts were performed in quadrup-
licate on the Coulter counter (Model B). Fasting serum iron and serum
iron-binding capacities were measured using the method of Schade
and co-workers.3

The assay of erythrocyte catalase activity was performed as
follows: 1 ml of whole blood was diluted with an approximate amount
of distilled water at room tempcrature to make a final hemoglobin
concentration of 0.14 gm /L, and mixed gently. One ml of this hemoly-
sate was introduced with a blowout pipette immediately into a 50
ml beaker containing a 5 ml solution of 0.01 M. hydrogen peroxide
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and o.01 M. phosphate buffer, pH 6.8, which was kept refrigerated and
was prewarmed to 37° C. in a constant temperature waterbath. After
15 seconds’ incubation the reaction was stopped by the addition of
2 ml of 2 N sulfuric acid. A second beaker, to which the same amount
of sulfuric acid was added before the diluted blood, was used to deter-
mine the initial hydrogen peroxide concentration. The hydrogen
peroxide concentration in each beaker was determined by titration
with potassium permanganate. These determinations were performed
in duplicate. Under these assay conditions, the erythrocyte catalase
103 Xo
log —-
15 - X
where Xo is the initial peroxide concentration expressed as milliliters
of permanganate and X is the concentration after 15 seconds’ incu-
bation. After measuring the catalase activity in a hemoglobin solution
of 0.14 gm /L concentration, the enzyme activity per 109 erythrocytes,

Kat X b
expressed as units, was calculated by this equation:

activity is calculated from the cquation: Ka =

Cc

where K a: = catalase activity of blood with a hemoglobin concen-
tration of o.14 gm/L, b = dilution factor (e.g., usually 400-1000)
to make o.14 gm /L hemoglobin concentration, and ¢ = erythrocyte
count in millions per cubic millimeter. In 15 duplicate determinations,
the standard deviation of the difference between each pair was found
to be 13 Units.

Results

In 33 normal controls, (15 adults and 18 children aged 10 months
to 14 years) the catalase activity per 109 erythrocytes did not show any
variation in respect to age or sex and the mean value was 936 Units
(S.D. % 81 Units) ranging between 800 and 1100 Units. One apparent-
ly normal adult, with hemoglobin and serum iron levels of. 14 gms. %,
and go mcg. 9, respectively had a low erythrocyte catalase activity
(645 Units) and will be discussed later. In eight cases, which were cho-
sen as controls originally, although hemoglobin and catalase levels were
normal, being respectively over 12 gms. % and 8oo Units, serum
iron- levels were found to be low (10-56 mcg. %). In five children,
in spite of low normal hemoglobin levels (10.75-11.3 gms. 9%) the
catalase activity and serum iron levels were definitely low, being
530-709 Units and 10-46 mcg. 9% respcctively.
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eight subjects previously described with low serum iron concentrations
but normal hemoglobin and catalase levels showed the first evidence
of iron deficiency. The other five persons with normal hemoglobin
levels but low serum iron and erythrocyte catalase values could be
considered to have more evidence of iron deficiency.

The plasma catalase activity was mecasured in two control cases
(2.6 and 2.4 Units respectively). It was too low to interfere with
erythrocyte catalase determinations. High reticulocyte counts, which
were as high as 20 per cent and could be scen in the first few days
following the commencement of iron therapy, did not produce any
alterations in the catalase activity when compared with the original
determinations. Although there is some controversy, Sass?® has also
shown recently that the reticulocyte catalase activity does not differ
from that of erythrocytes. Since leukocytes contain mostly verdoperoxi-
dase!® and their catalase activity is low, they do not interfere with
erythrocyte catalase assays. In one apparently healthy person with
normal serum iron and hemoglobin concentrations, the erythrocyte
catalase activity was found to be low (745 Units). His erythrocyte
G-6PD activity was 182 Units which was within normal limits and his
serum copper was 70 mcg. per cent which was slightly low. Since his
family was not available, further studies could not be done. In iron
and copper deficient rats, Schultze and Kuikens have shown that
liver and kidney catalase activity was low and that the normal cata-
lase activity of these organs was re-established following the administ-
ration of whichever mineral was specifically lacking. In animals, it
has been shown that starvation?” and sedormid!” decrease the liver
catalase content without affecting the erythrocyte catalase activity;2
in addition the liver catalase activity is influenced by thyroxine,?
testo.terone and corticosteroid administration,2® and is inhibited
by INH. This inhibitory effect can be reversed by Vitamin B,

An inborn error of metabolism, acatalassemia, has been reported
in humans!3 and in animals.3t This is transmitted as an autosomal
recessive disorder. A decrease in erythrocyte catalase activity of
40 per cent has been reported in G-6PD decficient Negroes.2 How-
ever, the authors did not reproduce their own results later.

Although in animals the liver and kidney catalase activity is
higher in males than females, ncither Takahara et al!3 nor we found any
sex or age difference in the erythrocyte catalase activity of humans.

The high erythrocyte catalase values in four cases of aplastic
anemia could not be due solely to testosterone and corticostcroid



208 THE TURKISH JOURNAL OF PEDIATRICS

administration, since two of them had not received medication for
more than three months. The normal erythrocyte catalase activity
in thalassemia syndromes may indicate indirectly that heme syn-
thesis is not impaired in these disorders.

We have found low erythrocyte catalase values only in cases of
iron-deficiency anemia (with the exception of one healthy person
whose low value is not readily explained although his serum copper
level was slightly low). To our knowledge this is the first demonstration
of decreased activity of an iron-containing enzyme in iron-deficiency
anemia in humans. Although Jacobs!! had shown by the staining meth-
od some decrease in cytochrome oxydase activity (which is an iron-
containing enzyme) in the buccal epithelium in human beings, it was
not consistent in all cases. Besides, the same result was obtained in
one non-anemic person’s buccal mucosa by assaying the activity.
The assay of this enzyme is simple, quick and requires less blood than
serum iron determinations. Because the erythrocyte catalase values
were normal in anemias other than iron-deficiency anemia, determi-
nation of the activity of this enzyme appears to be a simple and rapid
method of diagnosis and therapeutic evaluation in iron-deficiency
anemia,

Summary

Erythrocyte catalase activity has been found to be decreased
in iron-deficiency anemia. This is the first demonstration of deficiency
of an iron-containing enzyme in iron-deficiency anemia in humans.
It was measured by the method of Takahara et al and expressed as
catalase activity per 109 red blood cells. In all treated patients, cata-
lase values returned to normal after the anemia was corrected. In
patients with anemia due to other causes, the erythrocyte catalase
activities were normal.
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