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Impact of nutritional rehabilitation on
enzymatic antioxidant levels in
protein energy malnutrition

S.Y Shaaban,’ M.F. Nassar,’ 5.A. Ibrahim? and 5.E. Mahmoud®
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ABSTRACT To assess the role of enzymatic antioxidants in the pathogenesis of protein energy mainutrition
(PEM) and the effect of nutritional rehabilitation, we studied 30 infants with PEM (mean age 10.63 + 4.39
months: 10 marasmic; 8 with kwashiorkor; 12 with marasmic kwashiorkor) and 15 centrols. All underwent
clinical examination and laboratory investigations, including superoxide dismutase (SOD) and glutathione
peroxidase (GPx) estimation before and after nutrition rehabilitation. SOD and GPx were significantly lower
in all malnourished infants compared to controls, and signiticantly increased after nutritional rehabilitation.
These significant correlations suggest that antioxidants could be introduced during PEM nutritionat rehabil-
itation to decrease morbidity and mortality.

impact de la réhabilitation nutritionnelle sur les niveaux des antioxydants enzymatiques dans la
malnutrition protéino-énergétique

RESUME Afin d'évaluer e role des antioxydants enzymatiques dans la pathogenése de la malnutrition
protéino-énergetique et 'effet de |a rehabilitation nutritionnelle, nous avons etudié 30 nourrissons atteints de
malnutrition protéino-énergétique {4ge moyen 10,63 + 4,39 mois ; 10 atteints de marasme; 8 de kwashiorkor;
12 de kwashiorkor marastique) et 15 témoins. Tous ont été soumis a un examen clinique et des analyses de
laboratoire, y compris I'évaluation de la superoxyde dismutase et de la glutathion-peroxydase avant et aprés
la réhabilitation nutritionnelle. La superoxyde dismutase et ia glutathion-peroxydase étaient significativernent
réduites chez tous les nourrissons malnutris par rapport aux témoins, et significativement etevées aprés la
réhahilitation nutritionnalle. Ces corrélations signifinatives taissent penser que les antioxydants pourraient
étre introduits pendant la réhabilitation nutritionnelle en cas de malnutrition protéino-énergétique afin de
réduire la morbidité et la mortalité.
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Introduction

In Egypt, protein energy malnutrition
(PEM) is quite commeon and stands as a
major threat to infant health, growth and
development. In recent years, reactive oxy-
gen species {ROS) have been implicated in
the pathogenesis of many conditions in-
cluding PEM-associated oedema and
anaemia [/]. Oxidative stress in PEM in-
fants may result from either increased pro-
duction of free radicals [2] or depletion of
the antioxidant defence mechanisms [3].
Disequilibrium in the balance between oxi-
dants and antioxidants has been reported as
a possible etiology for kwashiorkor [4].
This imbalance can be used as a prognostic
factor in children with PEM [5}.

Superoxide dismutase (SOD) is an en-
zyme that acts as a potent superoxide scav-
enger [0]. Glutathione peroxidase (GPx) on
the other hand is the major enzyme that re-
moves H,O, generated by SOD in cytosol
and mitochondria [7].

This study was designed to assess the
role of enzymatic antioxidants, represented
by SOD in erythrocvtes and GPx in whole
bloed, in the pathogenesis of PEM. To em-
phasize the role of nutrition rehabilitation
we reassessed the cases studied and con-
trols after 30 = 7 days.

Methods

We studied 45 infants from the Paediatric
Hospital, Ain Shams University, Cairo,
Egypt — 30 infants with PEM (16 males
and 14 females; mean age 10.63 = 4.39
months) and 15 healthy matched controls,

The 30 patients with PEM were catego-
rized according to the Wellcome classifica-
tion [8] into three groups. The first group
included 10 marasmic infants (5 males, 5
femaies: mean weight 4,20 + 1.11 kg; mean

age 9.00 £ 5.65 months). The second
group included 12 kwashiorkor infants (7
males, 5 females; mean weight 5.67  1.40
kg; mean age 9.58 = 7.72 months). The
third group comprised 8 marasmic kwash-
iorkor infants (4 males, 4 females; mean
weight 4.86 £ 1.47 kg).

The infants were also divided into three
subgroups according to the new classifica-
tion proposed by Gernaat and Voorhoeve
|9]. This classification is based on the pres-
ence or absence of oedema and wasting
measured as a Z-score of weight-for-
height (difference between the individual’s
actual measurement and the median value
of an age and sex matched reference popu-
tation divided by the standard deviation of
the reference population). Wasting is here
defined as a Z-score of weight-for-height <
-2 8D. In a normally distributed reference
population, 95% of cases fall by definition
within the range of 2 SD from the median.
Thus, 2.5% of the reference population
falls below -2 SD (Table 1). The marasmic
infants had & mean Z-score of -2.10 %
1.57, the kwashiorkor infants had a mean
Z-score of —1.0 = 0.41 while that of the
marasmic kwashiorkor infants was —4.13
* 0.67. The 15 healthy controls showed
normal anthropometric measures for their
age and sex and a mean Z-score of 0.69
1.06 and mean age of 10.63 + 5.32 months.

Verhal consent was obtained from rhe
infants’ parents. A detailed history was ob-
tained from both patients and controls, and
a thorough clinical examination made. Die-
tetic history and the duration, type and de-
gree of malnutrition by different
anthropometric measurements were ex-
plored. Laboratory investigations included
complete blood count (CBC), C-reactive
protein (CRP), total serum prateing, serum
albumin, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), serum
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Table 1 The Gernaat and Voorhoeve classification of acute
protein energy malnutrition (PEM)

Weight-tor-
height Z-score

Oedema present

Oedema absent

Z > -2 ({nowasting)
Z < -2 (wasting)

Kwashiorkor
Marasmic kwashiorkor

No acute PEM
Marasmus

Source: [4].

creatinine (Cr) and blood urea nitrogen
(BUN), SOD in erythrocytes and GPx in
whole blood (both supplied by Randox
Laboratories Limited, United Kingdom).

After 30 = 7 days of a supervised nutri-
tional programme according to World
Health Organization guidelines [/0], re-
evaluation of the patients was performed
using the same pre-iniervention measure-
ments and investigations. In the first week,
supervised feeding was started immediately
after any life-threatening and emergency
conditions were brought under control.

Total caloric intake was 80—100 kcal/kg
per day, keeping in mind the continuity of
breastfeeding in cases of breastfed intants.
The diet given was low in protein, fat, and
sodium and high in carbohydrates, as al-
most all severely malnourished intants have
infections, impaired liver and intestinal
function and problems related to electrolyte
imbalance. lable 2 shows the recommend-
ed daily nutrient intake during the initial
stage of treatment.

The rehabilitation stage followed after
the return of the infant’s appetite. The ca-
loric intake was increased to 150-200 kcal/
kg per day with an increase 1n quantity and
decrease in frequency. A high protein diet
was given and vitamins and minerals (po-
tassium, magnesium and zinc) were con-
tinued in increased amounts. Iron was
given during this stage to treat the anaemia

present. The intants remained in the hospi-
tal for the first part of this rehabilitation
phase (3 weeks after admission), and were
then followed up in the outpatient clinic for
Nutrition Rehabilitation.

Statistical analysis of the results was
carried out using SPSS.

Results

S0OD and GPx levels were significantly de-
creased in the 30 patients and in each sub-
group before nutrition rehabilitation when
compared to the control group (Tables 3
and 4), with no significant difference he-
tween the subgroups. After nutrition reha-
bititation, both enzymes were significantly
increased in all malnourished infants and in
each subgroup (Tables 3 and 4) to the ex-
tent that GPx no longer showed any signif-
icant difference with the controls (Table
4). However, despite the obvious improve-
ment, SOD levels were still significantly
lower than those of the controls after nutri-
tion rehabilitation in all patients and in each
subgroup (Table 3).

On applying carrelation tests hetween
the rate of change of either SOD and GPx
and the rate of change of each of the Z-
scores, Hh % and albumin level, a signifi-
cant positive correlation was found in all
malnourished infants (Table 5). However, a
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Table 2 Desirable daily nutrient intake during
the initial treatment phase for protein
energy malnulrilion, according o World
Health Organization guidelines

Nutrient Amount/kg of body
weight
Water 120-140mL
Energy 100 keal
Protein 1-2g
Electrolytes
Sodium 1.0 mmol (23 mg)
Potassium 4.0 mmol (160 mg)
Magnesium 0.6 mmol (10 mg)
Phusphorus 2.0 mmol (60 mg)
Calcium 2.0mmol (80 my}

Trace minerals
Zing 30.0 pmol (2.0 mg)

Copper 1.5 umol (0.3 mg)
Selenium 60.0 nmol (4.7 ug)
lodine 0.1 pmol (12 ug)

Water-soluble vitamins

Thiamine (vitamin B,) 70.0ug
Rihoflavin (vitamin B,) 02mg
Nicontinic acid 1.0mg
Pyridoxine (vitaminB,)  70.0ug
Cyanocobalamin
(vitamin B, ,) 0.img
Folic acid 0.1 mg
Ascorbic acid (vitamin C) 10.0ug
Pantothenic acid
(vitamin B,) 0.3mg
Biotin 10.0 g
Fat-soluble vitamins
Retinol (vitamin A) 0.15mg
Calciferol (vitarnin D) 3.0ug
a-tocopherol (vitaminE)  2.2mg
Vitamin K 4.0ug
Source: [10].

significant negative correlation was detect-
ed between the rate of change of both en-
zymes and the rate of change of toral
leukocyte count and ALT (Table 5).

Table 6 and Table 7 demonstrate the
comparison between the different anthro-
pometric measuremenis and laboratory pa-
rameters before and after nutrition
rehabilitation. The anthropometric mea-
surements, toral leukocyte count, Hb %,
total proteins and serum albumin showed
significant differences, while ALT and Cr
showed no significant changes. Kidney
functions (Cr and BUN) showed values
within the normal reference range for
equivalent age and sex, both before and af-
ter nutrition rehabilitation [17].

Discussion

The results of the present study show that
the SOD level was significantly decreased
in all malnourished infants and in each sub-
group when compared to the controls, with
no significant difference between the sub-
groups. Similar findings have been reported
by Golden and Ramdath [51, where SOD
deficiency in PEM was explained by either
consumption in dismutating reactions
where ROS are removed by SOD. or as
being secondary to deficient levels of cop-
per or zinc, both known to be integral parts
of copper—zin¢ SOD. This hypothesis is
supported by the report of Ashour et al.
who found that plasma copper was signifi-
cantly decreased in PEM {/2].

Our finding of significantly improved
SOD levels following nutritional rehabilita-
tion accords with a study by Golden and
Ramdath [5]. The consumed SOD moves
closer to normal levels with the reverse of
PEM pathology and micronutrient supple-
mentation during the rehabilitation pro-
gramme. The short duration of
rehabilitation may explain why, in spite of
the improvement, SOD levels were still sig-
nificantly lower than the controls.

GPx was significantly lower in the mal.
nourished infants, as well as in each sub-
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Table 3 Comparison of superoxide dismutase (U/L) levels for all groups before and after

nutritional rehabilitation

Group status Controls Infants with protein energy malnutrition
All cases Marasmus  Kwashiorkor MK
Before rehabilitation 368+ 16.79 43+7.67 33.5+£9.17 475 +16.47 50+9.57
After rehabilitation 193+£13.45 185+5253 190226 207 £ 29.07
Pvalue P, < 0.001 P, <0.001 P, =0.001 P, «0.001
P,<0.01 P,<0.01 P,<0.01 £, <0.01
P, < 0.001 P,<0.00t  P,<0.001 P, <0.05

Results given for levels of superoxide dismutase (U/L) before and after nutritional rehabilitation are the

mean level + standard error of the mean.
MK = marasmic kwashiorkor.

R
1

2
P3
P < 0.05 was considered significant.

P = the studied group versus controls before nutritional rehabilitation.
the studied group versus controls after nutritional rehabilitation.
the studied group before versus the studied group after nutritional rehabilitation.

Table 4 Comparison of giutathione peroxidase (U/L) levels for all groups before and after

nutritional rehabilitation

Group status Controls Infants with protein energy malnutrition
All cases Marasmus  Kwashiorkor MK
Before rehabilitation 543 + 35.91 294 + 25.04 317+5063 267+37.57 306x44.68
After rehabilitation 504 + 28 88 513+ 38680 507 +50.86 489+66.66
Pvalue P, <0.001 P, <0.05 P, <0.001 P, <0.001
P,>0.05 P,>0.05 P,>0.05 P,>0.05
P,<0.001 F,<0.001 F,<0.001 F,<U.U5

Results given for levels of giutathione peroxidase (U/L) before and after nutritional rehabilitation are the

mean level + standard error of the mean.
MK = marasmic kwashiorkor.

P, = the studied group compared to controls befere nutritional rehabilitation.
, = the studied group compared to conirols after nutritional rehabiiitation.
P, = the studied group before nutritional rehabilitation compared to the studied group after nutritional

rehabilitation.
P < 0.05 was considered significant.

group when compared to the controls, with
no difference between the subgroups. Fot-
lowing nutrition rehabilitation, GPx was
significantly increased in all patients and
showed no significant difference compared
to the controls. These results agree with

those reported by Ashour et al. [12], in
which GPx deficiency in PEM was ex-
plained by either consumption in peroxida-
tion reactions due to oxidative stress, or as
being due to a deficiency of selenium in the
cases studied.
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Table 5 Correlation between the rate of change of SOD and GPx levels,
and the rate of change of the Z-score, haemoglobin %, albumin, total
leukocyle count and alanine aminoiransferase levels In the malnourished
infants

Antioxidant variable  Superoxide dismutase Glutathione peraxidase

r P r P
Z-score 0715  <0.001 0.718 < 0.001
Haemoglobin % 0848 < 0.001 0925 <0.001
Algumin 0593 <0.001 0478 <0.001
Total leukocyte count -0.626 <0.001 -0.549 <0.001
Alaning aminotransferase  -0.497  <0.001 -0.480 <0.001

285

r = correlation coefficient.
P « 0.05 was considered significant.

Table 6 Comparison of anthropometric measurements before and after
nutritional rehabilitation in malnourished infants

Variable Before nutritional  After nutritional P-value
rehabilitation rehabilitation

Weight (kg) 4.96+0.26 5.87+£0.29 < 0.001

Length (cm) 63.8+1.32 64.21+1.30 <0.05

Z-score -2210.29 ~0.62 + 0.31 <0.001

Mid-arm circumierence (cm) 9.4210.29 10.0+0.33 < .05

Skin-fold thickness (mmj 4.45+0.59 4.70+0.65 <0.05

Values are expressed as the mean  standard errar of the mean.

P < 0.05 was considered significant,

The rate of change of SOD and GPx
showed significant positive correlation
with the rate of change of each of the Z-
score, the albumin level and Hb %, and a
significant negative correlation with both
total leukoeyte count and ALT.

These correlation tests clearly demon-
strate the role of antioxidants in the patho-
genesis of the various features of PEM.
The rate of improvement of the SOD and
GPx correlated with the improvement in
anthropometric measures represented here

by the Z-score. With regard to albumin,
Huang and Fwu [/3] observed that the ox-
idative stress in PEM resulted in an increase
in lipid peroxidation that might in turn lead
to a decrease in serum albumin levels. Dur-
ing nutrition rehabilitation, albumin levels
significantly increased back to normal and
its rate of change correlated positively with
that of the cuzymalic antioxidants,

An imbalance between proxidant and
antioxidant defence has also been implicat-
ed in PEM anaemia [/4]. The finding of
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Table 7 Comparison of laboratory parameters before and after nutritional

rehabilitation in malnourished infants

Variable Before nutritional After nutritional  P-value
rehabilitation rehabilitation
Total leukocyte count 10.55+0.70 9.83+0.77 <0.05
Haemoglobin % (g/dL) 7.760.25 9.91+0.12 <0.001
Total proteins (g/dL) 5.34 +0.21 6.78£0.12 < 0.01
Alburnin (g/dL) 2.30 £0.49 3.4810,08 <0.001
Alanine arminotransterase (IU/L} 40.8 £ 4.47 3B7+7.14 > 0.05
Creatinine (mg/dL}) 0.45 £ 0.02 0.47£0.02 >0.05

"Values are expressed as the mean = standard error of the mean.

P < 0.05 was considered significant.

anaemia in the malnourished infants in our
study is similar to that reported by Ashour
et al. [12]. The Hb level improved signifi-
cantly on nutrition rehabilitation and its rate
of change correlated positively with that of
the enzymatic antioxidants further con-
firming the intimate relationship between
PEM anaemia and oxidant-antioxidant im-
balance.

Infection and inflammatory toxins are
potent stimulators of free radical formation
[5]. Total leukocyte count counts were sig-
nificantly increased in the malnourished in-
fants denoting infection and sCRP was
positive in all the patients on admission.
Osman et al. [15] has previously confirmed
the close relationship between nutritional
status and incidence and severity of infec-
tions, whether acute respiratory infections
or gastroenteritis. During nutrition rehabili-
tation, total leukocyte count significantly
decreased due to infection control, thus its
rate of change correlated negatively with
that of enzymatic antioxidants.

Fatty liver, a hallmark of hepatic free
radical damage [/6], develops on a low
protein diet and is directly related to im-
paired hepatic function [17]. This explains
the high ALT levels in the patients in our

study which decreased during nutritional
rehabilitation. Thus, the rate of change of
ALT correlated negatively with the rate of
change of SOD and GPx, further incrimi-
nating the oxidant-antioxidant system de-
rangements in the pathogenesis of
PEM-related hepatic pathology.

From the course of this study, it is evi-
dent that there is a significant correlation
between enzymatic antioxidants and the
chinical and laboratory parameters that re-
flect the pathological features of PEM. We
conclude that enzymatic antioxidants could
be used as a prognostic tool in FEM, as
well as a marker for severity. The compro-
mised enzymatic antioxidant status in PEM
can be reversed successtully by proper nu-
tritional rehabilitation. Therefore, there
should be special emphasis on supplying
antioxidant agents during any PEM rehabil-
itation programme, such as vitamins (A, E
and C) and trace elements {copper, zinc
and selenium). Constderation should also
be given to supplying therapeutic enzymat-
ic antioxidants in order to reduce free radi-
cal generation and enhance antioxidant
status. These measures may help to reduce
the mortality and morbidity associated with
PEM.
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