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Abstract: Malaria is one of the most important vector borne disease caused by the different species of a
Plasmodium. Plasmodium falciparum causes complicated malaria. One of the important complications is
cerebral malaria. This study was designed to estimate lipid peroxidation in the form of a metabolite
malondialdehyde (MDA) in relation to parasitemia in cases of cerebral malaria. MDA in the serum of patients
and that of healthy controls were estimated by the methods as given by Ohkhwa et al 1979. Mean MDA level in
the controls was 1.14+0.20 n mole/ml (N=50), and mean MDA level in the cases was 3.03+0.84 n mole/ml
(N=200). Which was significantly higher as compared to the controls (P<0.05). Pearson coefficient of co-
relation between MDA level and parasitemia was +0.425 which shows strong positivity. There is higher lipid
peroxidation in cerebral malaria because of release of reactive oxygen species (ROS) from the infected RBCs
and from the immunocompetent cells. MDA level increases as parasitemia increases.
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I Introduction

Malaria is one of the most important parasitic infections in people all around the Globe, accounting for
an approximately 500 million clinical attacks worldwide and more than 1 million causalities per year, mostly in
Sub- Saharan Africa’. In India there were 1.49 million cases and 767 deaths due to malaria in the year 20102,
Malaria is associated with seasonally warm semi-arid areas where nearly 124 million people are considered at
risk of climate-related malaria®. Most cases of malaria in India occur in Orissa. Orissa has a population of 36.7
million (3.5% of India), and surprisingly it contributes 25% of a total of 1.5-2.0 million reported malaria cases
annually, 39.5% of Plasmodium falciparum malaria, and 30% of deaths caused by malaria in India. Uttar
Pradesh (UP), India’s largest state, contributes only 5% of total cases’. Cerebral malaria is one of the
complications of the malaria caused by P. falciparum with clinical signs and symptoms of high grade fever,
drowsiness, unarousable coma, seizures and sometimes psychotic behaviour®. Falciparum infected human RBCs
are under constant oxidative stress®’ because P. falciparum generates reactive oxygen species (ROS) within
erythrocytes infected and also from immune activation®. These ROS damages erythrocytes in the form of lipid
peroxidation producing metabolite malonyldialdehyde (MDA). It is important to know that armoury of
erythrocytes consists of several antioxidant enzymes to protect them from ROS® . Therefore, the present study
was designed to analyze the serum MDA concentration in P. falciparum infected patients with cerebral
manifestations, and to analyze the relation of serum MDA concentration with P. falciparum parasitemia.

Il.  Materials and methods

2.1: Study population

The study was conducted in confirmed patients of P. falciparum infection with clinically proven cases
of cerebral malaria, who attended out-patient clinics or those admitted to the wards of J N Medical College and
Hospital, AMU, Aligarh, India, during May 2007 to September 2010. The study population was comprised of
200 children with the age range of two to five years. Fifty age and sex matched, population-based healthy
volunteers were also included as controls. There were no clinical and laboratory signs and symptoms of
falciparum malaria.
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2.2: Serum samples

This study was approved by the institutional ethical committee of the Jawaharlal Nehru Medical
College and Hospital, AMU. , Aligarh UP, India. Blood specimens were obtained from the patients and healthy
volunteers after taking informed consent. VVenous blood was collected aseptically from the patients and was kept
in a dark environment before centrifugation. Serum was obtained by centrifugation at 1,500 x g for 5 minutes at
room temperature, and aliquots were prepared and immediately stored at -70°C until processed further.
Estimation of lipid peroxidation was done in terms of malondialdehyde (MDA) by the method described by
Ohkhwa® et al 1979 spectro-photometrically. Thick and thin Giemsa-stained blood films were screened for the
presence of Plasmodium species. The parasite count (parasites/uL) was done by counting 200 white blood cells
and the number expressed on the basis of 8,000 WBC /uL ***2,

2.3: Calculation of parasitemia:
. NUMEER OF PARASITES SEEN
Number of parasite per uL =—— p— 11. - x 8000

2.4: Statistical analysis:

Statistical analysis was done using SPSS, version 17, Statistics software. Unpaired Student’s t was
applied for the comparison of serum MDA. Descriptive statistics including mean and SDs were calculated for
each continuous variable. Pearson correlation analyses were performed to determine the degree and direction of
association between two variables (parasitemia and serum MDA concentration). The P < 0.05 was considered as
significant.

1. Results and discussion

As observed in the table 1 meant 5D of serum MDA in the cases is 3.02£0.84 n mole/ml (N= 200).
The meantSD of the fifty age and sex matched healthy controls was 1.14£0.20 n mole/ml, which is
significantly lower than the meant 5D' of cases (3.02£0.84 n mole/ml). From table -1 and figure-1 it is obvious
that serum MDA level was increased as the parasitemia increases. Unpaired Student’s t test was put for
comparison of MDA level of cases and MDA level of age and sex matched healthy controls. P value was found
to be < 0.05, which is statistically significant. Also Mann-Whitney rank sum test was put with Mann-Whitney U
Statistic value 17.50 and T value 1292.50 and P value <=0.05.It is obvious from table-1 and figure-1that as the
parasitemia increases the serum MDA level of the affected subject’s increases. Also in co-relation analysis, r=
+0.425, P<0.05, which ef shows strong positivity of serum MDA level against parasitemia. Haem part of
haemoglobin is a vital factor for a diverse set of proteins involved in various physiological functions such as
respiration, oxygen transport and drug detoxification. The accumulation of free haem has deleterious effects on
the normal physiology. Haem has capacity to combine lipid bilayers. It also catalyses lipid peroxidation, inhibit
various enzymatic activity, lyses cells and parasites™**. Falciparum infected human RBCs are under constant
oxidative stress®’ because P. falciparum generates reactive oxygen species (ROS) within erythrocytes infected
and also from immune activation®. These ROS damages erythrocytes in the form of lipid peroxidation producing
metabolite malonyldialdehyde (MDA). ROS also damage DNA, activate procarcinogens, initiate lipid
peroxidation, inactivate enzyme systems and alter the cellular antioxidants defence system® . It is important to
know that armoury of erythrocytes consists of several antioxidant enzymes to protect them from ROS®. Plasma
ascorbate plays important role in protecting plasma lipids from reactive oxygen species attack due to malaria
infection, however ascorbate is rapidly oxidised when challenged by oxidants released from activated
polymorphs due to malaria infection °. Ascorbic acid level was significantly reduced by malaria infection
1718192021 and this coincided with enhanced level of MDA. Once ascorbic acid has been used up there is
initiation of lipid peroxidation ?*. Also there is decrease in the level of plasma Vitamin E® and vitamin A *
during malaria infection. Beneficial protective effects of retinol or zinc on malaria-related morbidity have been
documented in Papua New Guinea, Peru and Zanzabari 2?*®.1n our study there is gradual increase in serum
MDA level as the parasitemia increases. Recently D’douza et al 2009 also found the increment in the serum
MDA level®®. Severe malaria infection causes activation of neutrophils and monocytes resulting increase in
cytokine level and endothelial damage. It is experimentally proved that neutrophils are activated by product of
malaria parasites®” and also other inflammatory products viz cytokines produced in malaria infections 22293,

IV.  Conclusions
From these studies it can be concluded that the substantial increase in lipid peroxides in malaria
patients might be the result of reactive oxygen species production, by the activated immune system, by the
parasite itself and blood phagocytes. Administration of antioxidant Vitamins C, vitamin E, and Vitamin A along
with antimalarial treatment may be fruitful to avoid malarial anaemia due to excessive haemolysis, morbidity
and mortality due to malaria.
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Table -1
Parasitemia per pL MDA, Mean+SD n
600-800 1.58722+0.12447 18
801-1000 2.06185+0.16427 27
1001-1200 2.53233+0.07564 30
1201-1400 2.83x0.08679 28
1401-1600 3.2319+0.14159 2
1601-1800 3.69931+0.12271 29
1801-2000 4.0335x0.069 20
2001-2200 4.28773£0.09666 22
3.0288+0.84729 N=200
Table-2
Group N Missing | Median | 25% | 75%
MDA control | 50 0 1.080 0.990 | 1.320
MDA Cases | 200 0 2.935 2.442 | 3.808

Mann-Whitney Rank Sum Test

Fig-1
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