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Malnutrition as a lack of several substances
containing antioxidants such as vitamins
and micronutrients, while showing a predis-
position for lipid peroxidation and DNA dam-
age, is also characterized by a slowing down
of the metabolic processes, which may then
have protective properties against DNA
damage due to a reduction in endogenous
free radical production. This study aimed
to examine the oxidative status and DNA
damage in cases of marasmus. The study
comprised 28 infants aged 6–24 months
with marasmus only and 28 age-matched
healthy infants. DNA damage was exam-
ined by the alkali single cell electrophore-
sis method (Comet assay) on mononuclear
leukocytes. The total oxidant status (TOS)
and total antioxidant status (TAS) were mea-

sured by colormetric auto-analyzer and the
oxidative stress index (OSI) was calculated.
The TOS, TAS, and OSI levels of the pa-
tient group were found to be significantly
lower compared to the control group (P <

0.01, P < 0.01, P < 0.01, respectively).
No statistically significant difference was
found between the two groups in terms of
mononuclear leukocyte DNA damage (P >

0.05). The findings of this study showed that
in marasmus cases, the oxidative and an-
tioxidative processes, which have a coun-
teractive effect, decreased together. The
other results of the study indicate that there
is no increase in DNA damage in maras-
mus cases. J. Clin. Lab. Anal. 26:161–166,
2012. C© 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Malnutrition, which is defined as an inbalance between
nutritional requirements and intake, continues to be a
leading cause of infant mortality in some countries (1).
Malnutrition develops in children who are not nourished
in sufficient quantity or quality. It is defined as 2 SD below
the normal body weight for size due to a lack of protein
or energy, or both protein and energy (2–4).

In the biological system, molecules that take electrons
are called oxidant or free radicals. By taking the elec-
trons from the target molecules, the free radicals dam-
age the structure and function of those molecules (5, 6).
Hydrogen peroxide, nitric oxide, lipidhydroperoxide, and
nitrogen dioxide molecules can be counted as oxidants.
Endogenous antioxidants can be examined as two groups:
those working as enzymes (such as superoxide dismu-
tase, glutation peroxidase, glutation–S transferase, cata-
lase) and nonenzyme antioxidants (such as bilirubin,

albumin, uric acid, α-tocopherol, ascorbic acid, cerulo-
plasmin, transferrin, ferritin, and glutation). These form
the first line of defense against free oxygen radicals (7, 8).
Exogenous originating antioxidants include vitamin C, vi-
tamin E, vitamin A, vitamin B12, vitamin B6, folic acid,
copper, zinc, and selenium (9). Oxidative stress is de-
scribed as an increase in oxidants and/or a decrease in
antioxidant capacity against oxidants (5, 6).

To date there have been several epidemiological studies
on the relationship between DNA mutations and nutri-
tion (8, 10–14). The hypothesis of the study is based on
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a predicted lack of energy in marasmus slowing down
basal metabolic processes, the result of which is reduced
oxidative stress and DNA damage triggered by oxidative
stress.

MATERIAL AND METHODS

The study comprised 28 infants aged 6–24 months di-
agnosed with marasmus at Sanliurfa Paediatric Hospital
and the Paediatric Polyclinic of Harran University Med-
ical Faculty, and 28 healthy infants aged 6–24 months of
similar sociocultural background. Informed consent was
obtained from all the parents. Approval for the study was
obtained from Harran University Ethics Committee. A
detailed history was taken for all the infants and detailed
physical examinations and laboratory tests were carried
out. For height and weight evaluation, the height and
weight percentile charts developed for Turkey by Neyzi et
al. (15, 16) were used. Using the length and weight per-
centile tables developed for Turkey, 3% children below
their weight and length were admitted to the study as hav-
ing malnutrition. The Gomez classification was used for
malnutrition criteria. Cases that weighed less than 89% of
the age-matched 50th percentile were accepted as cases of
malnutrition. The endogenous mobilization of all avail-
able energy and nutrients resulting in loss of subcutaneous
fat and muscle tissue is defined as marasmus (17).

Following physical examination and laboratory tests,
infants were excluded from the study if there were found
to be additional pathologies apart from clinical maras-
mic malnutrition, such as exposure to cigarette smoke,
iron or vitamin B12 deficiency, infection, antibiotic use,
or kwashiorkor (characterized by edema, acid, changes
in hair and skin color, anemia, hepatosplenomegaly, and
lethargy). Venous blood samples were collected in hep-
arinized tubes from all the infants in the study, in order to
examine DNA damage and oxidant and total antioxidant
capacity.

At the start of the study, a full blood count of all
the children was examined using an automatic blood
count instrument (CELL-DYN 3500; Abbott Laborato-
ries; Abbott Park, Illinois). To evaluate DNA damage,
oxidant and antioxidant capacity, venous blood samples
were taken from the child into heparinized tubes. The
blood samples were placed in iced water immediately un-
til reaching the laboratory. First, the samples were used
for the measurement of DNA damage with the separation
of mononuclear leukocytes. For biochemical analysis, the
venous blood samples were separated by 10 min centrifuge
at 3500 rpm, then the formed elements were discarded to-
gether with the tube and the serum samples were stored
at –80◦C.

The total antioxidant status (TAS) and total oxidant
status (TOS) were measured on the study day colormet-

rically using the Erel method by auto-analyzer (Abbott
Aeroset, Abbott Diagnostics, Abbott Park, IL). For the
TAS results, mmol Trolox Eqv/l units were used and for
the TOS results, μmol H2O2 Eqv/l units were used. The
oxidative stress index (OSI) was defined as percentage rate
of TAS values to TOS values. Before the calculation, the
TAS test millimol unit value was translated to micromol
units as in the TOS test. The results were expressed as
arbitrary units (AU), calculated by the following formula:
OSI (arbitrary unit) = TOS (μmol H2O2 Eqv/l)/TAS
(mmol Trolox Eqv/l) × 10.

Determination of DNA Damage by the Alkaline
Comet Assay

Mononuclear leukocytes isolation for the comet as-
say was performed by density gradient separation
(Histopaque 1077, Sigma-Aldrich, Inc., St. LouisMO).
Heparinized blood of 1 ml was carefully layered over
1 ml Histopaque and centrifuged for 35 min at 500 ×
g and at 25◦C. The interface band containing lympho-
cytes was washed with phosphate-buffered saline (PBS)
and then collected by 15 min centrifugation at 400 × g.
The resulting pellets were resuspended in PBS to obtain
20,000 cells in 10 μl. Membrane integrity was assessed by
trypan blue exclusion.

Endogenous DNA damage in mononuclear leukocytes
was analyzed by the alkaline comet assay as described by
Singh et al. (18), with minor modifications. Fresh lympho-
cyte cell suspension of 10 μl (about 20,000 cells) was mixed
with 80 μl of 0.7% low-melting point agarose (LMPA)
(Sigma T-1378; Sigma-Aldrich, St. Louis, Missouri.) in
PBS at 37◦C. Subsequently, 80 μl of this mixture was
layered onto slides that had previously been coated with
1.0% hot (60◦C) normal-melting point agarose (NMPA)
and the slides were covered with a cover slip at 4◦C
for at least 5 min to allow the agarose to solidify. Af-
ter removing the cover slips, the slides were submersed
in freshly prepared cold (4◦C) lysing solution (2.5 M
NaCl, 100 mM EDTA-2Na; 10 mM Tris-HCl, pH 10–
10.5; 1% Triton X-100 and 10% DMSO were added just
before use) for at least 1 h. The slides were then im-
mersed in freshly prepared alkaline electrophoresis buffer
(0.3 mol/l NaOH and 1 mmol/l Na2ETDA, pH >13)
at 4◦C for unwinding (40 min) and then electrophoresed
(25 V/300 mA, 25 min). All these steps were conducted
under red light or without direct light in order to pre-
vent additional DNA damage. After electrophoresis, the
slides were stained with ethidium bromide (2 μ/ml in
distilled H2O; 70 μl/slide), covered with a cover slip,
and analyzed using a epifluorescence microscope (Olym-
pus, Japan) equipped with rhodamine filter (excitation
wavelength 546 nm, barrier filter 580 nm). The images of
100 randomly chosen nuclei were analyzed visually. Each
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Fig. 1. Photomicrographs showing varying intensities of the fluorescence in the comet tail (class O, undamaged; class 4, maximally damaged).

image was classified according to the intensity of the flu-
orescence in the comet tail, which was rated from 0 to
4 (undamaged to maximally damaged) (Fig. 1, so that
the total score of slides could be between 0 and 400 AU.
All procedures were performed by the same biochemistry
staff and DNA damage was assessed by a single observer
who was not aware of the diagnosis.

MEASUREMENT OF TAS

TAS of plasma was determined using a novel auto-
mated measurement method, developed by Erel (19). In
this method, the most potent biological radical, hydroxyl
radical, is produced. In the assay, ferrous ion solution,
which is present in reagent 1 [o-dianisidine (10 mM), fer-
rous ion (45 AM) in the Clark and Lubs solution (75
mM, pH 1.8] is mixed with hydrogen peroxide, which is
present in reagent 2 [H2O2 (7.5 mM) in the Clark and

Lubs solution]. The sequentially produced radicals such
as brown colored dianisidinyl radical cation, produced
by the hydroxyl radical, are also potent radicals. Using
this method, the antioxidative effect of the sample against
the potent free radical reactions that is initiated by the
produced hydroxyl radical, is measured. The assay has
excellent precision values of lower than 3%. The results
were expressed as mmol Trolox Eqv/l.

MEASUREMENT OF TOS

TOS of plasma was determined using a novel automated
measurement method, developed by Erel (6). Oxidants
present in the sample oxidize the ferrous ion-o-dianisidine
complex to ferric ion. The oxidation reaction is enhanced
by glycerol molecules, which are abundantly present in the
reaction medium. The ferric ion makes a colored com-
plex with xylenol orange in an acidic medium. The color
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TABLE 1. Height and Weight Values of the Patient Group and
the Control Group

Control group Patient group
(n = 28) (n = 28)

Mean ± SD Mean ± SD P

Height (cm) 77.9 ± 6.1 67.8 ± 5.5 <0.01
Weight (kg) 10.5 ± 1.4 7.0 ± 1.5 <0.01

aAccording to the Gomez classification (60–74%), our patients were at
a mid level of malnutrition.
bStudent t test for independent samples was used.

intensity, which can be measured spectrophotometrically,
is related to the total amount of oxidant molecules present
in the sample. The assay is calibrated with hydrogen per-
oxide and the results were expressed in terms of micro-
molar hydrogen peroxide equivalent per liter (l mol H2O2

Eqv/l).

OXIDATIVE STRESS INDEX

The ratio percentage of TOS level to TAS level gave the
OSI, an indicator of the degree of oxidative stress (6).

STATISTICAL ANALYSIS

Data were analyzed using SPSS (Statistical Package for
the Social Sciences, version 11.5 for Windows, SPSS R©
Inc, Chicago, IL). The results were presented as mean ±
standard deviation. Distribution of parametric variables
was assessed with one-sample Kolmogorov–Smirnov test
and all parametric variables were found to be normally
distributed. The comparison of parameters between the
patient group and control group was performed by Stu-
dent t test for independent samples. A two-tailed P value
of less than 0.05 was considered statistically significant.

RESULTS

The 28 infants in the study group comprised 19 males
(67.9%) and nine females (32.1%) with a mean age of 13.3
± 4.9 months (range 6–24 months). The control group
comprised 19 males (67.9%) and nine females (32.1%)
with a mean age of 13.6 ± 4.2 months (range 6–24
months). There was no statistically significant difference
between the marasmus group and the control group in
terms of age (P > 0.05).

There was found to be a statistically significant differ-
ence when the values of mean length (67.8 ± 5.5 cm)
and weight (7.0 ± 1.5 kg) of the patients, were compared
with the values of mean height (77.9 ± 6.1 cm) and weight
(10.5±1.4 kg) for the control group. The results are shown
in Table 1.

TABLE 2. DNA Damage, TAS, TOS, and OSI Values of the
Patient Group and the Control Group

Control group Patient group
Mean ± SD Mean ± SD P

TOS (μmol H2O2 Eqv./L) 12.4 ± 3.3 6.7 ± 1.6 <0.01
TAS (mmol Troloks Eqv./L) 1.05 ± 0.1 0.95 ± 0.1 <0.01
OSI (AU) 1.2 ± 0.3 0.72 ± 0.2 <0.01
DNA damage (AU) 9.43 ± 8.70 8.44 ± 7.79 >0.05

Student t test for independent samples was used.
Significance was defined as P < 0.05.
TOS, total oxidant stress; TAS, total antioxidant status; OSI, oxidative
stress index; AU, arbitrary units.

When the mean TAS (0.95 ± 0.1), TOS (6.7 ± 1.6), OSI
(0.72 ± 0.2), and DNA damage values (8.44 ± 7.79) of
the patients were compared with the mean TAS (1.05 ±
0.1), TOS (12.4 ± 3.3), OSI (1.2 ± 0.3), and DNA damage
values (9.43 ± 8.70) of the control group, statistical sig-
nificance was found in respect of TAS, TOS, and OSI (all
values P < 0.01) and there was no statistical significance
in respect of DNA damage (P > 0.05). The results are
shown in Table 2.

DISCUSSION

Marasmus is a lack of energy occurring in the body
due to poor calorific nutrition (2,20). Experimental stud-
ies have shown that limiting calories decreases oxidative
stress (21–23). Another study has reported increased ox-
idative stress in marasmic children with an acute infec-
tion and that there may be a relationship between that
increasedinfection and the antibiotics used to treat the in-
fection (12, 24). In the current study, taking the presence
of infection as exclusion criteria enabled a clearer eval-
uation of the effect of marasmus on the oxidant status
and antioxidant status systems. The TOS and OSI lev-
els of the marasmus cases were found to be significantly
lower compared to the control group (P < 0.01). In these
circumstances, it is thought that decreased production of
endogenous free radicals was related to the slowing down
of the body’s metabolic processes and energy consump-
tion in malnutrition.

Several studies have reported a decrease in TOS and
antioxidant levels in conditions of malnutrition (25, 26).
In this study, the total antioxidant capacity values of the
marasmus group were found to be significantly lower com-
pared to the control group (P < 0.01). This situation,
which shows the antioxidant effect, is thought to be re-
lated to an insufficient intake of micronutrients.

In an experimental study, 24-month-old rats had calo-
ries reduced by 40%, a significantly decreased (24%) rate
of mitochondrial H2O2 production in the brains of the
rats given limited calories was seen compared to that of
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those given unlimited calories, and mitochondrial DNA
disorders associated with oxidative damage were seen
to be lower (23%) (27). Dietary restriction can lower
reactive oxygen species formation, and thereby lower ox-
idative damage in the brain. The brain consists of a di-
verse group of neurons with varying functions. However,
attenuating role of dietary restriction on oxidative stress
in different regions of brain is not well known. Another
study demonstrated that by caloric restriction intake for
a period of 6 months, mice lowered the endogenous levels
of oxidative stress markedly by decreasing lipid peroxi-
dation and protein carbonyl contents in cerebral cortex,
hippocampus, and striatum regions of the brain (28). The
DNA damage that developed associated with increased
oxidative stress in the rats fed on an excessive calorie diet,
was seen to decrease with a restricted calorie diet (27). In
the current study, no significant difference was found be-
tween the marasmus group and the control group in terms
of DNA damage (P > 0.05). Because malnourished chil-
dren with additional pathologies that cause DNA damage
(infection, antibiotic use, acute and chronic diseases, pas-
sive smoking) were excluded from the study, the reduced
free radical production may be related to the association
of insufficient energy resources and a slowing down of
oxygen respiration.

A limitation of this study was that the insufficient num-
ber in the malnutrition subgroups (mild, medium, severe)
did not allow for the evaluation of the severity of malnu-
trition on DNA damage.

CONCLUSION

In marasmus cases with no additional clinical patholo-
gies apart from malnutrition, the level of oxidative stress
was found to be significantly lower compared to the con-
trol group. Findings were obtained, suggesting a possible
reduction in the oxidative threat to DNA caused by a pos-
sible reduction in the production of endogenous free rad-
icals and slowing down of the metabolic processes. From
the results of this study there is thought to be a need for
more inclusive studies evaluating DNA damage together
with oxidative and antioxidative processes in marasmus
cases.
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