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EFFECTS OF ANTIOXIDANTS ON ADVANCEMENT OF MENTAL AGE AND SCHOOL
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S M Hossain* A S M M Rahman?, MA Malek®, M A H Bhuyari*. A Hai°, G M Chowdhury®
Abstract

This study was designed to determine the effects of antioxidants on mental age and school performances
of underprivileged preschoolers in two Government Primary Schools of Dhaka city. Ice cream fortified
with beta-carotene, vitamin E, vitamin C and zinc at recommended doses and time duration was given to
the study children (n=117). Equal quantity of plain ice cream was fed to the control children (n104) for the
same duration. In study group and in controls the aseline mean serum level of p-carotene, vitamin E, were
similar. At the end of intervention the study group bad serum level of 3-carotene as 22 mcg/dl, vitamin E
as 938 mcg/dl, vitamin C as 0.96 mgldl and zinc as 1.11 mgldl. The same in control group after
intervention came to be as B-carotene-4.80 mcg /dl, vitamin E-326 mcg Id!, vitamin C-0.15 mg/dl and
zinc- 0.53 mg/dl. Mental age assessment highlighted that the study children bad mental age before
intervention base line as; normal and advanced-21.4% and retarded- 78.6% which after intervention came
to be normal and advanced-88%, retacded-12% with p-value = <0.0001. But in control children it was
found to be before intervention as normal and advanced-23.1% and retarded-76.9% which after
intervention came to be as normal and advanced-24% and retarded-76%. Changes in the school
performances of the study children in respect of mean total marks obtained were before intervention-311,
after intervention-428 with paired t-test (0.000). But control children showed it to boas before
intervention-328, after intervention-331. It can be concluded that food fortification can be an important
tool to improve the nutritional and mental state of underprivileged school children.
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Introduction:

Oxidative stress is the product of generaton of Reactive Oxygen Species (ROS). A wide variety of free
radicals and other ROS can be formed in the human body and in food system. These free radicals can
attack lipids in cell membrane, destroy cellular enzyme, and even damage the genetic material. The
damaged DNA is replicated in new cells causing slow deterioration resulting in signs of aging and the
development of heart disease, cancer and cataracts etc. compromising the life span. Oxidative stress
produces toxic consequences at sub-cellular level. Malnutrition is a serious problem in Bangladesh and it
makes children more vulnerable to all kinds of infections. Out of total children deaths in Bangladesh in a
year 65% are directly or indirectly attributable to malnutrition®.

Antioxidant defenses protect the body against the oxidative damage2. Vitamin E is a natural antioxidant
and acts by donating hydrogen from hydroxyl group. It has its major biological role in protecting
polyunsaturated fats and other components of the cell membrane. It is a strong free radical scavenger and
in addition contributes to maintenance of cell integrity, anti-inflammatory effects, DNA synthesis and
stimulation of immune response. Vitamin E also plays an important role in T-cell differentiation in
thymus. Deficiency of vitamin E may cause shorter life span of erythrocvte. Beta-carotene is also a very



strong antioxidant with its free radical scavenging property. Carotenoids are known to deactivate free
radicals and excited oxygen, both of which are implicated in a multitude of degenerative diseases3.
Carotenoids prevent lipid peroxidation by providing electrons to quench singlet oxygen. Beta- carotene is
capable to protect chemically induced toxicity in vivo as well as in vitro. Besides being a potential source
of vitamin A for infants in breast milk, B-carotene may also confer long-term protection against chronic
disease such as cancer and enhance the immunoprotective effect of human milk. It is known as pro-
vitamin A of which about 30% is converted into vitamin A. So, it helps to bring the serum retinol level to
normalcy and maintains.
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Integrity and normal functions of glandular and epithelial tissues, increases immunity of the child and
fights against infection®. Vitamin C is another effective scavenger of free radicals and its plasma
concentration is inverelv related to mortality from all causes®. Ascorbate s an essential enzyme cofactor
but often regarded as an important antioxidant in vivo, protectmg agairt cancer by scavenging DNA
damaging reactive oxygen species. It is water-soluble, quite potent. provides electrons for the regeneration
of vitamin E. thus potentiating the amioxidant action. Zinc is also an important anticxidant. It scaenges
free radicals, thus preventing lipid peroxidation and cell membrane damage. It is present in more than 70
metalloenzymes which carry various metabolic activities®. Most of them are involved in DNA and protein
synthesis. Zinc deficiency results in poor growth, poor appetite in infants and children and also weight
loss’. Dramatic weight gain was observed in children with zinc supplementation. It favors lean tissue
formation and heals infectious and non- infectious skin lesions. Anorexia, diarrhea, stunting, wasting etc.
are relieved and improved cell mediated immune (CMI) response is observed with zinc supplementation.
Mild zinc deficiency can cause abnormalities of immune functions. Zinc contributes to membrane
stabilization. When antioxidants ai’ given together, vitamin E and C show strong synergistic action.
Vitamin F and beta- carotene also have synergistic action but tamin C and 13- carotene have not yet
shown any action as such5. Zinc has not been combined before along with these antioxidants hut it might
have played a good synergism with ‘itamin E and C as well as beta-carotene. Methods and Materials
Study Design. The study was designed and conducted among preschool children in some selected
Government Primary Schools of Dhaka city. The whole class either play group; nursery or kindergarten
was taken either as experimental or control group. Beta-carotene, vitamin E. vitamin C and zinc were
added to 100gm of ice cream in recommended doses like 2mg, 6mg, 30mg and 10mg respectively. It was
for daily consumption, 5 days a week for a period of six months by the experimental group. The control
group was served with same ice cream without antioxidants. Any individual making himself/herself absent
from school for 15% of the total classes was considered as a dropout case. Also the student having any
chronic illness was excluded from the study. Before the start of the intervention the whole study
population was dewormed by administering antihelminthic drugs.



Study instrument:
A pretested, modified and corrected questionnaire was used to collect the required information.

Biochemical Assessment:

The blood sample was collected and preserved in sterile tet tubes and kept its upper end scaled to avoid
possible contamination. Each time the collected sample was transported to the laboratory within an hour.
There the samples were centrifuged at 3000 rpm to isolate the serum Serum level of vitamin E. vitamin C,
beta-carotene an’ zinc were measured at 0 and 180 days of the study period to find out the changes due to
intervention. The serum level of beta-carotene and vitamin E was measured by HPLC method. Plasma
ascorbic acid level was measured by dinitro phenyl hydrazine method and zinc was assessed by
Association of Official Analytical Chemist (AOAC) methods of analysis. These tests were done in the
Department of Biochemistry, ICDDR, Dhaka, and Department of Biochemistry, Institute of Nutrition and
Food Science (INFS), University of Dhaka.

Seguin Form Board Test (SFBT):

This method was followed to test the mental age of the children. It is a traditional method which employs
some toy like torn, and asks the subject to set it in order. On the basis of time required to complete the task
mental age is recorded. Statistical analysis: The data were computed and analyzed by standard statistical
method using SPSS software package.

Results:

Mean serum level of all antioxidants under study was assessed on 0 and 180 days of intervention. Table-I
revealed that serum level of 13-carotene in experimental group before and after intervention as 5.11+2.41
mcg/1I00mI and 22.64+3.72 mcg/IOOmI respectively (paired t-test = 0.000) whereas the control children
had the same before and after intervention as 5.29+2.46 mcg/IOOml and 4.80£2.26 mcg/IOOmI
respectively.



Table I: Changes of mean beta-carotene in serum (mcg/IOOml) of study children before and after

intervention

Serum Experimental Mean+SD; Control Mean+SD;
Beta — carotene (n=117) (n=104)
Before 5.11+2.41 5.29+2.46
intervention
After intervention 22.64+3.72 4.80£2.26
Difference 17.53+3.19 (-)0.49+1.23
Paired t-test 0.000 0.000

M experimental ® control

Fig 1: Percent Distribution of Mental age study Children in the Experimental and Control Children before
Intervention

Table-11 showed that the mean serum level of vitamin E of experimental children before and after
intervention as 307.69+157.44 mcg/I00 ml and 938.27+163.64 mcg/l00ml respectively with paired t-test
0.000. On the other hand the same in control children before and after intervention was found to be
330.52+73.93 mcg/100ml and 326.53+72.54 mcg/l 00ml respectively.

In the same way table-I11 revealed the serum level of vitamin C in experimental children before and after
intervention as 0.16+£0.07 mg/I00mI and 0.96+0.28 mg/I00mI respectively with paired t-tcst=0.000. But
the same in control children before and after intervention was found to be as 0.14+0.05 mg/I00ml and
0.15+0.06



Table I1: Changes of Mean Serum vitamin E (mcg/I00ml) in Study Children before and

after Intervention

Serum Experimental Mean+SD; Control MeanzSD;
Beta — carotene (n=117) (n=104)
Before 6.16+0.07 6.29+0.06
intervention
After intervention 22 IR 28 0.86+0.06
Difference 1y EBRHB 2P (02261023
Paired t-test 0.000 0.600

Fig 2: Percent Distribution of Mental age study Children in the Experimental and Control Children before

Intervention

mg/ 100ml respectively.

It was highlighted in Table-1V that the mean serum level of zinc in the experimental children before and
after intervention was 0.52+0.1Img/I00ml and 1.11+0.14 mg/100ml respectively with paired t-test 0.000.
On the contrary the same in control children before and after intervention was found to be 0.52+0.09

mg/lI00ml and 0.53+0.09 mg/100ml respectively.

Figure-1 depicted the percent distribution of mental age of experimental children before intervention as
normal & advanced- 25(21.4%), retarded- 92(78.6%). The control children showed it to be as normal &

advanced-

Table I111: Changes of Mean Serum Vitamin C Level (mg/100ml) in Study Children before and after

Intervention

Fig 3: Average Changes in School Performances of Study Children before and after Intervention




24(23.1%), retarded- 80(76.9 %.)

But figure-2 showed that the experimental group had mental age after intervention as nornal & advanced
103(88%), retarded-14(12%) with p-value <.0001. But the control children showed it to be normal &
advanced 25(24%), retarded-79(76%) with p-value = >0.7.

Figure-3 highlighted the state of school performances in respect of mean total marks obtained by the
study children, The figure showed that experimental and control children got the mean total marks before

intervention as 311.55 65.55 and 328.38 92.78 respectively. But after intervention

Serum Experimental Mean+SD; Control Mean%SD;
Beta — carotene (n=117) (n=104)
Before 0.52+0.11 0.52+0.09
intervention
After intervention 1.11+0.14 0.53+0.09
Difference 0.59+0.14 0.01+0.06
Paired t-test 0.000 0.333
Serum Experimental Mean+SD; Control Mean+SD;
Beta — carotene (n=117) (n=104)
Before 0.52+0.11 0.52+0.09
intervention
After intervention 1.11+0.14 0.53+0.09
Difference 0.59+0.14 0.01+0.06
Paired t-test 0.000 0.333
Serum Experimental MeanzSD; Control Mean£SD;
Beta — carotene (n=117) (n=104)
Before 0.52+0.11 0.52+0.09
intervention
After intervention 1.11+0.14 0.53+0.09
Difference 0.59+0.14 0.01+0.06
Paired t-test 0.000 0.333

Table IV: Average Changes of Serum Zinc Level (mg /I00ml) in Study Children before and after

Intervention




Mean total marks obtained by experimental children was 427.99 81.66 ith paired t-test =0.000 whereas the
same obtained by control children was 331.11 88.69 but without any significance.

Discussion:

The normal serum level of beta-carotene; vitamin E, vitamin C and Zinc are 50-250 .ig/dl, 500-1500
tgJd1, 0.4- 1.0 mg/d1® and 0. LO2mg/dI* respectively. The normal level of antioxidants in serum clearly
indicated that the children under study had subnormal level of all the antioxidants except zinc, it had been
concluded that these antioxidants were absolutely essential for normal growth and development, for
development of immunity to lead a healthy life.

But why the changes in mental age (IQ) as well as it school performances in experimental children so
happened? It is known that majority of the intellectual disabilities in adults reflect insults to the brain that
occurred early in life'! Long-term effects of malnutrition was identified by Dr. Janina Galler and her
colleagues in a cohort study here she found that in spite of excellent rehabilitation and follow up provided
to the group of previously malnourished infants, 60-70% demonstrated symptoms of attention deficit in
the class room, poor memones and easy distractibility, as well as poor overall school performances’?.

In another long-term study of Costa Rican infants the problems in their behavior and development were
recorded Even after ten years of the treatment for iron deficiency. It was observed in a recent study in rats
that pcrinatal iron deficiency reduces neuronal metabolic actiity, especially targeting those areas of the
brain which are involved in memory processing™’. Lozoff noted the in reasing evidence that maternal iron
deficiency may cause injury to the Ital brain. Very often micronutrieni deficienccs are associated with
generalized under nutrition, in this way young children may experience multiple nsults to their developing
braijis’**. Serum level of zinc also inversely affects mental age in the children.

One more important point has been also ioted as a reason for poor mental age of the study children related
to retarded growth in the childhood. There are consislent evidences for associations between linear growth
reta’dation and poor cognitive outcome. Longitudinal studies indicate that deficits to cognitive ability
remain in later childhood™” and adult life. Early height has also been shown to predict intellectual ability
in young adults (average age 20 years) in Guatemala’®. In a cohort of stunted and non-stunted Jamaican
children from 9-24 months, stunted children’s developmental levels were significantly below those of
non-stunted children.

Behavioural changes in stunted children may contribute to their poor cognitive development. Stunted
children have been shown to be significantly more apathetic, less happy, and fussier and to explore their
environments less than non-stunted children. These behavioral differences predicted late development’"’.
As the reasons of poor mental age in children are looked into carefully, it was seen that almost all causes
were present in the children under study in our situation. The overall trend of child malnutrition in
Bangladesh is one of the highest in the world. Overall stunting is 45%, underweight is 48% and wasting is
10%. (So: WB, 2002a.) Deficiency of iron, iodine, vitamin A etc. is also a big public health problem.
Morbidity and mortality due to Pneumonia, Diarrhea and other nfectious and communicable disease are
significant n this country. Micronutrient deficiency was present in the study population as evaluated by
biochemical asessment in this study. Though deworming was done in both the study groups, micronutrient
deficiency was corrected only in experimental children due to intake of fortified ice cream. All the
micronutrients were unique antioxidants. Trace element like zinc was also supplernentee as antioxidant.
So. in addition to correcting the micronutrient deficiency, the supplementation program improved vitamin
A status as well as absorption through gut. All antioxidants played a vital role to combat chronic as well as
acute illnesses thus aerting the insult to the brain. Also the experimental children in this study got
corrected their stunting and had significantly improved linear growth which has not been elaborated here.
On the other hand it did not happen with the control children. As such, it is assumed that antioxidants



individually, combinedly as well as synergistically contributed to improving the mental age of the study
children significantly. The insignificant improvement of mental age as experienced in the control children
could he due to effective deworming as a part of the study and improvement of nutritional status through
100gm ice cream intake every school day.

School performances of the study children were evaluated with care before and after intervention. It was
noticeable that a baseline mean total mark in experimental children was less than control children. After
intervention the difference in mean total marks in experimental children was 116.44+56.22 whereas in
control children it was only (2.72+24.9)). In a good reasoning it could be brought forward that helminthic
infestations are very common in our country. It is associated with learning problems. Heavy worni
infestations have negative effects on memory and the executive functioning®®. Few other studies have
reported about impaired attention, searching ability and reaction time. There is also evidence of poor
school performance by school children with parasitic infestations18. It can be further told that all
experimental children of the study group comparatively attained a good health, overcame the common
morbidities and attained a good immune status. Supplementation with antioxidants reduced the adverse
effects of oxidative stress, further improved conditions for a good health. These factors increased the
working hours of the students in the school, minimized the loss of working hours due to reduced illness as
well as getting a better concentration for their studies. This finding is supported by the school feeding
program (SFP) in Bangladesh in 2002 in collaboration with World Food Program (WFP). The biscuits
were enriched with protein, iron and vitamin A. The feeding program improved not only the Body Mass
Index (BMI) of the participating children by 0.62 points but also school performances like increasing test
score by 15.7% and doing well specially in mathematics’9. Improved school performances also support
the improvement of mental age of the experimental children.

Conclusion:

Hunger and undernutrition along vith antioxidant micronutrients deficiency pre au amons a vast mass of
population in this country. These antioxidants are essential for normal development particularly among
young children. Steps may be taken to fortify such foods with antioxidant micronutrients accessible to all.
It will bring out a healthy, intelligent and prosperous nation in the days to come
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