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Catalase and Carbonic Anhydrase Enzyme
Activities, and Some Mineral-Heavy
Metal Concentrations in Newborns with
Congenital Malformations

Anomalili Yenidoganlarda Katalaz ve Karbonik
Anhidraz Enzim Aktiviteleri ve Baz1
Mineral-Agir Metal Seviyeleri

ABSTRACT Objective: The aim of this study is to evaluate the factors such as antioxidant condition and mi-
neral-heavy metal level association that may play a role in development of congenital malformations. Ma-
terial and Methods: Fifteen healthy neonates as control group and 15 neonates with various congenital
malformations were included study. Erythrocyte cataly (CAT) which is an antioxidant enzyme, erythrocy-
te carbonic anydrase (CA) enzyme activities which play a important role in acid-base balance, serum cop-
per (Cu), lead (Pb), zinc (Zn), cadmium (Cd), iron (Fe), manganese (Mn) and magnesium (Mg) were
measured from venous blood samples of each subject. Results: Erythrocyte CAT enzyme activity, serum Zn
and Fe levels were statistically significantly decreased (P<0.05) in the study group while serum Cu and Cd
levels were statistically significantly high (P<0.05)in the study group when compared to the control group.
A negative correlation between erythrocyte CA activity and serum Pb levels was found in the study group.
In the control group, negative correlations were found between erythrocyte CAT activity and serum Pb le-
vels; serum Mg and Cu levels; and serum Cd and Mn levels. In addition, in the control group a positive cor-
relation between serum Zn and Cu levels; erythrocyte CA activity and serum Mn levels was found.
Conclusion: Our results suggest that erythrocyte CAT enzyme activity and serum Cu, Zn, Fe and Cd levels
may play a role in pathogenesis of congenital malformations. The oxidative stress that rise as a result of an
imbalance between prooxidant and antioxidant reactions seems to be associated with congenital malfor-
mations. Further studies are needed to confirm the association of antioxidant condition and mineral-heavy
metal levels in the pathogenesis of congenital malformations.

Key Words: Catalase; carbonic anhydrases; minerals; heavy metals;
congenital, hereditary, and neonatal diseases and abnormalities

OZET Amag: Bu calismada konjenital anomalilerin patogenezini aydinlatmaya yonelik olarak; anomali ge-
lisiminde rol alabilecek faktorlerden antioksidan durum ve mineral-agir metal seviyesi iligkisinin degerlen-
dirilmesi amaglandi. Gereg ve Yontemler: Calismaya gesitli konjenital anomalileri olan 15 yenidogan ve
kontrol grubu olarak 15 saglikli yenidogan dahil edildi. Her bir olgunun alinan venéz kan 6rneklerinden bir
anti-oksidan enzim olan eritrosit katalaz (CAT) ve asit-baz dengesinde énemli bir rol oynayan eritrosit
karbonik anhidraz (CA) enzimlerinin aktiviteleri ve serum bakir (Cu), kursun (Pb), ¢inko (Zn), demir (Fe),
kadmiyum (Cd), manganez (Mn) ve magnezyum (Mg) seviyeleri 6l¢iildii. Bulgular: Kontrol grubuyla karsi-
lastirildiginda caligma grubunda serum Cu ve Cd diizeyleri istatistiksel olarak anlaml diizeyde yiiksek
(P<0.05) iken eritrosit CAT aktivitesi, serum Zn ve Fe diizeyleri ¢alisma grubunda istatistiksel olarak anlam-
11 diizeyde diisiiktt (P<0.05). Caligma grubunda eritrosit CA aktivitesi ve serum Pb degeri arasinda negatif
bir iligki tespit edildi. Kontrol grubunda eritrosit CAT aktivitesi ve serum Pb diizeyleri; serum Mg ve Cu dii-
zeyleri; serum Cd ve Mn diizeyleri arasinda negatif iliski bulundu. Buna ek olarak kontrol grubunda serum
Zn ve Cu degerleri, eritrosit CA aktivitesi ve Mn diizeyleri arasinda da pozitif bir iligki tespit edildi Sonug:
Sonuglarimiz eritrosit CAT enzim aktivitesinin ve serum Cu, Zn, Fe ve Cd diizeylerinin konjenital anomali
patogenezinde rol oynayabilecegini gostermektedir. Prooksidan ve antioksidan reaksiyonlar arasindaki den-
gesizlige bagh olarak artan oksidatif stres yenidoganlarin konjenital anomalileriyle iligkiliymis gibi gortinmek-
tedir. Ancak, antioksidan durum ve serum mineral-agir metal seviyesi arasindaki iligkinin konjenital
anomalilerin patogenezindeki etkilerini dogrulayacak ileri ¢alismalara ihtiyag vardir.

Anahtar Kelimeler: Katalaz; karbonik anhidrazlar; mineraller; agir metaller;
dogumsal, kalitsal, yenidogan hastaliklar1 ve anomalileri
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ongenital malformations are structural ab-

normalities of organs or body parts of new-

borns. They occur in 3.5% of all live births.
Severe malformations may result in very early loss
of conceptions that do not survive to clinical recog-
nition and are never detected. Screening during
pregnancy and improved medical technology, such
as ultrasound and genetic methods, make it possib-
le to detect some birth defects at an early stage,
which may lead to induced abortion and affect the
prevalence of birth defects.! In literature, epidemi-
ological researches have not convincingly establis-
hed an association between workplace exposure as
a human teratogen and birth defects. However, a
large body of literature has suggested that organic
solvents, pesticides and some heavy metals may be
involved in the etiology of birth defects in hu-
mans.>* Specific birth defects can also be seen fol-
lowing to the pharmaceutical exposures such as
limb defects related to thalidomide, congenital
malformations linked to diethylstilbestrol, spina bi-
fida linked to valproic acid, oral clefts related to
phenytoin and vitamin A causing neural crest de-
fects.!

Free radicals can be defined as any chemical
species capable of independent existence that con-
tain one or more unpaired electrons.’> Therefore,
oxygen plays a major role as an oxidant in the form
of superoxide (O,’), hydroxyl (OH"), and peroxyl
(R-O0) radicals, and their derivatives, reactive
oxygen species (ROS). There are three main intra-
cellular ROS scavenging enzymes: superoxide dis-
mutase (SOD), catalase (CAT), and glutathione
peroxidase (GSH-Px).6'® CAT is a metalloenzyme
containing heme and regarded as one of the most
common enzymes in plant and animal tissues. It is
a well known plasma antioxidant. It is also an effec-
tive scavenger of aqueous peroxide radicals.! It has
two isoenzymes, one being erythrocytic and the ot-
her occurring only in plasma. CAT has a much lar-
ger Km (Michaelis-Menten constant) for hydrogen
peroxide compared to glutathione peroxidase,
which means that it is mainly responsible for the
detoxification of hydrogen peroxide when its con-
centration is high.'? Various reports over the last
15 years®'* 3have suggested that fetal anomalies in
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patients are associated with an increase in embryo-
nic ROS or free radicals. ROS, which are produced
in large amounts in various metabolic disorders, are
involved in the etiology of congenital anomalies
and its complications.'*!” Studies using animal mo-
dels indicate that oxidative stress may play a causa-
tive role. Free oxygen radical-scavenging enzymes
and antioxidants aimed at reducing the excess load
of radicals also result in a reduced malformation ra-
te.!”® Study of embryonic gene expression has de-
monstrated that maternal diabetes causes birth
defects by disturbing expression of genes that con-
trol essential developmental processes, and that ox-
idative stress is involved. Therefore, a model in
which oxidative stress-induced deficient gene ex-
pression leads to congenital defects involving p53-
dependent apoptosis is discussed.!”” Controlling
oxidative stres or free radical damage is a pivotal
factor for chronic degenerative diseases of both the
eye and the brain or congenital defects. Current
science suggests that neurotoxic peptide amyloid-
beta (Abeta) can accumulate in the brain and vas-
cular system of those who inherit a specific set of
genes.?

Deficiencies of trace elements such as zinc
(Zn), copper (Cu) and magnesium (Mg) have be-
en implicated in various reproductive events like
infertility, pregnancy wastage, congenital mal-
formations, pregnancy induced hypertension,
placental abruption, premature rupture of mem-
branes, still births and low birth weight. Howe-
ver, the role of trace elements individually or in
combination has not been completely documen-
ted in this field.

Carbonic anhydrase (CA) is a Zn-containing
metalloenzyme that catalyzes the reversible hydra-
tion of carbondioxide. In animals and humans, nu-
merous CA isoenzymes and related proteins have
been reported.?! CA is discovered late in infancy or
early in childhood through development of maloc-
clusion, and/or mental subnormality. Typical radi-
ographic features of osteopetrosis are present, and
histopathologic study of the iliac crest reveals un-
resorbed calcified primary spongiosa. The radiog-
raphic findings are unusual, however, cerebral
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calcification appears by early childhood and the os-
teosclerosis and skeletal modeling defects may gra-
dually resolve by adulthood.?

This study was carried out to compare the
CAT and CA enzyme activities in newborns with
congenital malformations and healthy newborns.
and the concentrations of some trace elements and
heavy metals such as Cu, Zn, Cd, Pb, Mn, Mg and
Fe.

I MATERIAL AND METHODS
BIOCHEMICAL ANALYSIS

The subjects selected were the patients attending
the outpatient clinics and those hospitalised in the
Pediatric Surgery Department of Yiiziincii Y1l Uni-
versity Hospital. The study included a total of 30
subjects [15 newborns with congenital malforma-
tions (Table 1) and 15 healthy newborns]. Venous
blood samples of newborns were obtained from the
antecubital fossa veins during the first three days
after birth in accordance with the guidelines of
Declaration of Helsinki. Written informed consent
was obtained from the parents. The study was ap-
proved by the local ethics committee.

TABLE 1: Disorders in congenital malformation group.

Case no

(week) Gestational age Disorder

1 30 Esophageal atresia+ Down Syndrome

2 39 Omphalocele

3 40 Duodenal atresia {annuler pancreas) +
Down Syndrome

4 32 Pierre Ribin Syndrome + Hydrocephalus

5 35 Diaphragmatic hernia (Bochdaleck hemia)

6 40 Multiple intestinal atresia+ Antral web

7 41 Cleft palate {incomplete)

8 38 (twin) lleocecal stenosis + Appendical agenesis +
Ladd’s bands

9 38 {twin) Colocecal stenosis + Ladd’s bands

10 35 Anal stenosis

11 40 Hirsch sprung’s disease
{Waardenburg-Shah Syndrome)

12 34 Sacrococcygeal teratoma

13 39 Esophageal atresia

14 38 Cleft palate (Incomplet)

15 38 Meningomyelocele
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Serum was separated by centrifugation and the
samples were processed immediately. The serum
samples were placed in deionised polyethylene tu-
bes and kept in a deepfreeze at -80°C (without tha-
wing) until the study day. Biochemical analysis of
CAT activity in erythrocytes was performed with a
method described by Aebi®in the Biochemistry La-
boratory of Chemistry Department, Faculty of Art
and Science, Yiziincii Yil University. Briefly, the
supernatant (0.1 ml) was added to a quartz cuvette
containing 2.95 ml of 19 mmol "' H,O, solution
prepared in potassium phosphate buffer (0.05 M,
pH 7.00). The change in absorbance was monito-
red at 240 nm for 5 min using a spectrophotometer
(Shimadzu UV-1201, Japan).

CA activity was assayed by hydration of CO,.
Hydration of C0O, was measured by the method of
Rickli and Wilbur-Anderson with bromothymol
blue as an indicator.?* Activities were carried out
under optimum conditions. Determination of se-
rum concentrations of Cu, Zn, Mg, Mn, Pb, Cd, and
Fe was performed by Atomic Absorption Spectrop-
hotometer measurements, in which a UNICAM-
929 spectrophotometer (Unicam Ltd, York Street,
Cambridge, UK) was used.

STATISTICAL ANALYSIS

The results were expressed as the mean + standard
error (SE). Student's t test was used for compari-
son of mean values of the groups. In addition, Pe-
arson’s correlation analysis was carried out to
determine the relationship among the variables. A
P-value < 0.05 were considered statistically signi-
ficant. Statistical analyses were carried out using
the SPSS® statistical software package (SPSS for
Windows version 13.0, SPSS Inc., Chicago, Illino-
is, USA).

I RESULTS

Erythrocyte activities of CAT and CA, and the se-
rum levels of Cu, Zn, Fe, Mn, Pb, Mg, Cd of the
newborns with congenital malformations and he-
althy newborns are shown in Table 2. The CAT ac-
tivity was significantly lower (P< 0.05) and the
serum Cu level was significantly higher (P< 0.05)
in the erythrocytes of congenital malformations
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TABLE 2: Erythrocyte activities of catalase and carbonic anhydrase, serum levels of Cu, Zn, Fe, Mn, Mg, Cd and Pb of the
congenital malformation and healthy newborn groups.
congenital anomaly healthy newborn
Mean St. Err. Min. Max. Mean St. Err. Min. Max. p
Catalase EU/{gHb)-1 6.98" 1.507 0.18 17.20 17.91 2.031 8.03 27.52 0.000
Zn (pg/dl) 0.78 0.082 0.45 1.46 1.28 0.136 0.55 212 0.003
Carbonic anhydrase EU/(gHb)-1 ~ 0.02 0.003 0.00 0.04 0.02 0.003 0.00 0.04 0.607
Cu (ug/dl) 0.53* 0.084 0.12 1.45 0.25 0.029 0.07 0.48 0.006
Fe {ug/l) 1.43* 0.307 0.55 4.71 3.08 0.479 0.52 7.42 0.007
Mg (ug/dl) 11.67 1.026 423 17.52 11.42 1.006 6.69 16.38 0.867
Mn {ug/dl) 0.03 0.002 0.01 0.04 0.03 0.002 0.02 0.05 0.124
Pb (ug/dl) 0.13 0.012 0.05 0.21 0.14 0.017 0.04 0.25 0.746
Cd (ug/dl) 0.01* 0.001 0.00 0.01 0.01 0.000 0.01 0.01 0.045
*<0.05 vs healthy newborn.
group when compared controls. The serum Cd le- = T ~
vel was significantly higher (P< 0.05) in the sera of e ;
congenital malformation group. The serum Zn and e )
Fe levels were significantly lower (P< 0.05) in con- 5 G ey e
genital malformation group when compared con- o o ﬂi ,
trols. There was no significant difference (P> 0.05) 502 | o

between the groups regarding other parameters.
There was a negative correlation (Figure 1) (P<
0.05) between the CA activity and Pb levels of
newborns with congenital malformations (Table 3).
There was a negative correlation (Figure 2) (P<
0.05) between CAT activity and Pb level, a positi-
ve correlation (Figure 3) (P< 0.05) between Cu and
Zn levels, a negative correlation (Figure 4) (P<
0.05) between Mg and Cu levels, a negative corre-
lation (Figure 5) (P< 0.01) between Mn and Cd le-
vels, and a positive correlation (Figure 6) (P< 0.05)
between Mn activity and CA levels in healthy
newborns (Table 4).

I DISCUSSION

Congenital malformations are significant causes of
stillbirths and infant mortality, and the important
contributors of childhood morbidity. The precise
etiology of most congenital malformations has not
been fully understood, however it likely involves
both genetic and environmental factors. In the pre-
sent study, it was found that CAT activity decrea-
sed significantly in the erythrocytes of newborns
with congenital malformations (Table 2). CAT is an
antioxidant enzyme in the body and is predomi-
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FIGURE 1: Negative correlation between CA and Pb in congenital malfor-

mation group.

nantly located in cellular peroxisomes. Together
with GSH-Px, it catalyzes the conversion of hydro-
gen peroxide (H,0,) to oxygen and water."" Simi-
lar to our result, individuals with Down syndrome
have been reported to have decreased catalase ery-
throcytic activity.” Several different scavengers of
free oxygen radicals added to the diet decreased the
malformation rate in diabetic rat pregnancy.’ It has
also been shown that oxidative stress induced apop-
tosis in cultured neurons from rat fetuses. The ne-
ural crest cells have been proposed to be a prime
target of oxygen radicals in diabetic pregnancy, a
hypothesis supported by the facts that tissues disp-
laying malformations are those that are neural cres-
t—derived.?*?® In literature, erythrocyte catalase
activity of patients has been found significantly de-

Turkiye Klinikleri ] Med Sci 2011;31(2)
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TABLE 3: Correlations among variables in congenital malformation group (r).
CAT Zn CA Cu Fe Mg Mn Pb Cd
Catalase EU/(gHb)_4 1
Zn (pg/dl) 0.005 1
Carbonic anhydrase EU/{gHb)" 0.071 0.251 1
Cu (ug/dI) -0.158 0.056 -0.307 1
Fe (ug/dl) 0459  0.131 0.058  -0.244 1
Mg (pg/dl) 0040  0.328 0.030 0.471 0.334 1
Mn {ug/dl) 0.149 -0.313 0.262 -0.514 0.147 0.156 1
Pb (pg/dl) 0.128 -0.234 -0.566" 0.216 0.170 0.234 0.211 1
Cd (pg/dl) 0.009 -0.195 -0.014 0.176 0.194 0.205 0.185 0.370 1
*: P<0.05, **:p<0.01.
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FIGURE 2: Correlation a negative between CAT and Pb in healthy newborn
group.
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FIGURE 4: Negative correlation between Mg and Cu in healthy newborn
group.

creased compared to healty controls. This reduc-
tion in catalase activity has been thought to be one
of the reasons of the erythrocyte susceptibility to
oxidative damage.” Earlier studies have shown

Turkiye Klinikleri ] Med Sci 2011;31(2)

FIGURE 3: Positive correlation between Cu and Zn in healthy newborn group.
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FIGURE 5: Negative correlation between Mn and Cd in healthy newborn
group.

both increased malformation rate and low catalase
activity in malformation-prone U substrain.* Ca-
talase enzymes are thus likely to be involved in the
protection of embryos against congenital anom-

409



Melek ve ark. Biyokimya
TABLE 4: Correlation among variables in healthy newborn group (r).
CAT Zn CA Cu Fe Mg Mn Pb Cd
Catalase EU/{gHb)! 1
Zn (pg/dl) -0.006 1
Carbonic anhydrase EU/{gHb)" 0.013 0.044 1
Cu (ug/dI) -0.162 0586  -0.368 1
Fe (ug/dl) 0.118 0420 0431  -0.224 1
Mg (pg/dl) -0.300 -0.360 0.361 -0.570* 0.109 1
Mn (ug/dl) 0.295 0134  0658"  -0.201 0.488 0.014 1
Pb (pg/dl) -0.615* 0.381 0.051 0.433 -0.036 0.139 0.030 1
Cd {pgrdl) 0.086 -0.199 -0.475 0.377 -0.307 -0.300 -0.754** -0.261 1

*: p<0.05, **:p<0.01.

alies. Individuals with Down syndrome and conge-
nital malformations exhibit a significant increase
in mitochondrial DNA mutations and a reduction
in the genetic expression of adenosine triphospha-
tase, the enzyme responsible for the degregation of
adenosine triphosphate.’!

Cu is an essential nutrient for all eukaryotic
organisms due to its function with enzymes that
participate in a broad range of critical processes
that include respiration, neuropeptide maturation,
protection from oxidative stress, neurotransmitter
biogenesis, pigmentation, angiogenesis, Fe absorp-
tion, connective tissue maturation, and a lot of ot-
her key biological functions. Consistent with the
importance of these Cu-dependent processes, ge-
netically programmed or dietary induced Cu defi-
ciency in mammals results in impaired motor
function, reduced aortic elasticity, neutropenia,
cardiac hypertrophy, anemia, severe cognitive dis-
orders, growth defects, and other pathological sta-
tes. Generally, younger animals are more
susceptible to Cu deficiency compared to mature
animals, but the precise mechanisms for this diffe-
rential sensitivity are not well understood.** Repor-
tedly, premature infants receiving Cu-deficient
milk diets develop neutropenia, anemia, and scor-
butic bone changes, and their growth is impaired
along with profoundly low serum Cu and cerulop-
lasmin.?*3> Cu concentrations are reported to be
physiologically increased due to an induction of
Cu-carrying protein by estrogen. In the presence
of catalytic amounts of transition metal ions, parti-
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cularly Fe and Cu, these species can generate the
highly reactive hydroxyl radical by Fenton reacti-
on. This radical can initiate the process of lipid pe-
roxidation, which if uncontrolled, may result in
endothelial cell damage.**3” However, Cu concen-
trations were even higher in the congenital mal-
formation group in our study (Table 2). This may
be due to higher ceruloplasmin concentrations in
these groups, since the method used for copper me-
asurement determines the copper which is bound
to ceruloplasmin.®

Zinc deficiency in humans is a significant worl-
dwide problem.?* % A deficiency of this essential
metal results in a wide spectrum of physiological ef-
fects, including disorders of skin as well as neurolo-
gical, immune, and reproductive systems.*"* These
effects reflect the diverse functions of zinc. It serves
structural and/or catalytic roles in hundreds of pep-
tides, including the remarkably abundant superfa-
mily of zinc-finger proteins.*® Therefore, the
maintenance of zinc homeostasis is critical, and
mechanisms have evolved to modulate the uptake,
efflux and storage of this metal in response to zinc
availability. Dietary zinc deficiency has been des-
cribed as a much ignored global health problem.3*
Studies of humans suggest a correlation between se-
rum zinc concentrations, birthweight, and preg-
nancy outcome; dietary zinc supplementation has
been reported to exert therapeutic and preventati-
ve effects on low birthweight and childhood disea-
ses in several developing countries. It is also
interesting to note that zinc deficiency in humans

Turkiye Klinikleri ] Med Sci 2011;31(2)
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has been correlated with abnormal fetal develop-
ment, diabetes and schizophrenia, decreased cogni-
tive behavior and intellectual development, and
increased mortality and disease.* Decreased gastro-
intestinal absorption and tissue-specific absorption
of Zn may have contributory effects. The levels of
Zn were decreased in the sera of newborns with
congenital malformations when compared to the
control group (Table 2).

Fe is a redox-active transition metal and can
participate in single electron reactions and cataly-
se formation of free radicals, including the undesi-
rable hydroxyl radicals.*® Although Fe is an
essential nutritional element for all life forms, it is
known that excess Fe and Fe deficiency also lead
to oxidative DNA damage.*® Lower serum Fe levels
were found in congenital malformation group com-
pared to the control group (Table 2).

There are no studies that evaluated heavy me-
tal levels in congenital malformations in the litera-
ture. Cd accumulation have been proved to be very
toxic in many organs, such as kidney, liver, lung,
testis, brain, bone, blood system etc.*” The molecu-
lar mechanisms of its toxicity are not yet well de-
fined. Recent studies on mammals have shown that
Cd stimulates formation of reactive oxygen species
(ROS), including oxygen free anion radical, hydro-
gen peroxide and probably hydroxyl radical. A uni-
que aspect of cadmium deposition is that it has an
extremely long half-life in the body, on the order
of 10 to 30 years in humans,*® which is thought to

be partially due to the binding to the protein met-
allothionein.*>° However, the contribution of this
toxicokinetic parameter to the toxicity of the com-
pound is unknown. Serum Cd levels were found in-
creased in congenital malformation group
compared to the control group (Table 2). As a con-
sequence, enhanced lipid peroxidation, DNA dam-
age, as well as marked disturbances of antioxidant

defence system occur.>

I CONCLUSION

This study is the first one to show the relationships
of erythrocyte CAT and CA activities, and the se-
rum levels of Cu, Zn, Fe, Mn, Mg, Cd and Pb in
newborns with congenital malformations. Enhan-
ced oxidative stress due to imbalance between pro-
oxidant and antioxidant reactions and disturbed
serum mineral levels appear to be associated with
congenital malformations in newborns. The assess-
ment of oxidant/antioxidant imbalance and serum
mineral status in congenital malformations might
be useful in the early determination of congenital
anomaly. Supplementation with antioxidants in
congenital malformations with low antioxidant sta-
tus might be helpful in the treatment of congenital
anomaly and may prevent recurrent congenital
malformation. In conclusion, factors that play role
in oxidant/antioxidant balance mechanism may ha-
ve effects in devolepment of congenital malforma-
tions and catalase enzyme as an antioxidant can
prevent their devolepment.
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