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Hyperhomocysteinemia in acute Plasmodium falciparum malaria:
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Abstract

Background: Plasmodium falciparum utilises the polyamine pathway, essential in proliferation and differentiation, and
imposes an oxidative stress on host cell, enhancing the loss of glutathione. Methods: Standard hematological parameters were
determined in 40 black African subjects with acute P. falciparum malaria, 30 aged 5—24 months, 5 aged 4—10 years and 5 aged
19-35 years. Plasma homocysteine, cysteine, glutathione and cysteinylglycine levels were measured by HPLC method.
Twenty-eight healthy black children (15 aged 6-24 months and 13 aged 3—10 years) and 20 healthy black adults (aged 20—40
years) were also included as controls. Results: Plasma homocysteine levels were higher in all subjects with P. falciparum
malaria and correlated positively with the disease severity and number of parasites, but negatively with Hb levels and patient
ages. Cysteine level was found higher in all patients and markedly higher in 4—10 year old patients. Cysteinylglycine level was
found lower particularly in 19—35 year old patients. Glutathione level was significantly lower in all patients. Conclusions: The
elevated level of homocysteine during acute P, falciparum infection suggests an imbalance in the folate cycle, which could be a
consequence of the reduced availability of NADPH and Vit By,, caused by increased oxidative stress. This may suggest a
selection for the C677T MTHFR allele, driven by P. falciparum in sub-Saharan regions. Hence Hcy level could be useful as a
predictive parameter of severity, as well as of treatment efficacy.
© 2004 Published by Elsevier B.V.
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1. Introduction

Homocysteine (Hcey) is a sulphur-containing amino
acid that it is not found in structural proteins. The
biological role of Hcy has been extensively studied in
human [1]. In the methionine cycle, Hcy constitutes
the intersection of two pathways, known as remethy-
lation and trans-sulphuration [2].
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In remethylation, Hcy acquires a methyl group
from N°-methyltetrahydrofolate or, alternatively,
from betaine, to generate methionine (Fig. 1).
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Fig. 1. Homocysteine and polyamine pathways in P. falciparum malaria.
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dent. A considerable amount of methionine is then
activated by ATP to form S-adenosylmethionine
(SAM), which represents a universal methyl donor
to a variety of DNA, RNA, protein, phospholipid
and neuromediator substrates. S-Adenosylhomocys-
teine (SAH), produced in these transmethylation
reactions, is hydrolysed to generate Hcy, which
becomes available to start a new cycle. Since the
hydrolysis is a reversible reaction that favours the
synthesis of SAH, elevated levels of Hcy are
always associated with elevated SAH concentrations
[3].

In the trans-sulphuration pathway (Fig. 1), the
cystathionine beta-synthase (CBS) mediates the
condensation of Hecy with serine to form cystathio-
nine, which is then hydrolyzed to cysteine. This
pathway provides an effective route to transform
the excess Hcy that can be utilised for glutathione
synthesis.

The methionine metabolism has, through SAM,
a link to the metabolism of polyamines, ubiquitous
compounds, which play an important role in cell
proliferation and differentiation. In fact SAM, by a
methyl group transfer, generates SAH. In an alter-
native pathway, SAM undergoes decarboxylation
and then, transferring an aminopropyl residue to
putrescine, gives rise to spermidine and  then
spermine (Fig. 1). Ornithine decarboxylase (ODC)
and S-adenosylmethionine decarboxylase (Ado-
MetDC) are the enzymes involved in the above-
mentioned decarboxylation processes and are the
rate-limiting enzymes in the polyamine biosynthesis
[4].

The complexity of the Hecy and methionine
metabolic pathways and the perfect balance re-
quired for the correct function of this metabolic
cycle may be strongly influenced by the presence
of Plasmodium  falciparum malaria. In fact, the
parasite utilises the polyamine metabolism, which
is essential for its growth, and causes drastic
changes in the glutathione level of its host cell
[5].

The aim of this study was to investigate if P,
falciparum malaria affects the levels of plasma Hcy
and of other three thioles (cysteine, cysteinylgly-
cine and glutathione) and if the levels of plasma
thioles correlate with the severity of the malaria
infection.

2. Materials and methods
2.1. Place of study

The study was made in the city of Ouagadougou
(Burkina Faso), which is situated in a meso-endemic
area of P. falciparum malaria, at the centre of the
country, with an intense seasonable occurrence of
malaria, from July to October. In this country, P
falciparum malaria is a major cause of morbidity
and mortality in children <5 years (38.5%, all
causes). Hyperendemic, perennial transmission peak-
ing from August to October (>90% P. falciparum, 1%
P. malariae). Primary malaria vectors are 4. gambiae
and A. funestus (150 infective bites/year). Children
with P. falciparum malaria and control subjects were
evaluated and enrolled at the local Centre Medical
Saint Camille (CMSC) of Ouagadougou, the capital of
Burkina Faso. The protocol of this study was
reviewed and approved by the Ethic Committee of
the CMSC. Informed consent was obtained from
parents of study participants, if younger than 10 years
or from study participants themselves.

2.2. Diagnosis and classification of cases

Thirty children affected by acute malaria, aged
5-24 months, 5 boys, affected by acute malaria,
aged 4—10 years, 5 adults, affected by acute
malaria, aged 19-35 years were enrolled during
the month of October 2002 at the CMSC of
Ouagadougou, 18 were males and 22 females.
Inclusion and classification of each patient were
based on the symptoms, physical signs and labora-
tory findings of malaria at the time of the first
presentation.

Severe malaria (complicated) was established by
microscopic confirmation of asexual parasites in the
peripheral blood and at least one of the following
clinical and physical signs, according to the WHO
criteria: evidence of neurological involvement (pros-
tration, lethargy), gastrointestinal symptoms, severe
anemia (Ht<20%, Hb<6 g/dl), hyperparasitemia
corresponding to E,>2.5 X 10° or >2.5% in non-
immune subjects, hypoglycemia (serum glucose less
than 2.2 mmol/l corresponding to 40 mg/dl), acidosis
with respiratory distress, oliguria, cardiovascular
shock, jaundice, diffuse hemorrhages.
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Mild malaria (uncomplicated) was established by
microscopy confirmed parasitemia of E,<2.5 X 10°
or <2.5% with fever, headache, myalgias, without
any finding of severe malaria.

Patients with mild malaria were treated with chlo-
roquine at the dosage of 10 mg/kg for 2 days, then 5
mg/kg for another day. Patients with severe malaria
were placed under intravenous treatment with glucose
5%, including quinine dichlorhydrate at the dosage
20 mg/kg in 4 h as charge dose then, after an interval
of 4 h of saline infusion, the dosage was reduced at
10 mg/kg for 2 cycles with an interval of 4 h with
saline, according to the official therapeutic protocol
of local “Programme National de Lutte contre le
Paludisme” (PNLP). At the end, a treatment with
quinine for 7 days or chloroquine for 3 days was
started.

Twenty-eight healthy black children (15 aged 6—
24 months and 13 aged 3—10 years) and 20 healthy
black adults (aged 20—40 years) were also included as
controls.

2.3. Methods

Standard hematological parameters were deter-
mined in each patient. For parasitemia quantification
blood smears, stained by standard May Grunwald
Giemsa, were observed, whereas tick-smear tech-
nique was preliminarily used for the diagnosis of
malaria. The blood samples were collected in sterile
tubes containing EDTA. All the samples were centri-
fuged and the plasma were frozen at —40 °C and
then sent to the Department of Clinical Biochemis-
try, Catholic University of Rome, Italy, for the
determination of plasma Hey, cysteine, cysteinylgly-
cine and glutathione. HPLC method separates in the
same run all thioles [6], giving simultancous infor-
mation on Hcy metabolism and trans-sulphuration
route.

2.4. Statistics

Data were presented as mean + standard deviation.
Statistical comparison of Hcy and other thiol concen-
trations among samples of all groups were performed
using paired and unpaired Student’s #-test or Mann—
Whitney test when appropriate, considering statisti-
cally significance at P<0.05. All computations were

made using the SPSS-10 program for Windows.
Sensitivity, specificity, positive predictive value and
negative predictive value of thioles as parameters to
predict disease severity and outcome were calculated.
A multivariate analysis was made considering severe
and mild malaria or Hb as dependent variables. Age,
parasitemia and thioles were considered as indepen-
dent variables.

3. Results

Table 1 reports the clinical and hematological
parameters of studied subjects affected by acute P
falciparum malaria and relative controls. Fifteen chil-
dren (group 1) showed a hemoglobin level below 6 g/
dl, an elevated degree of parasitemia (365,000/ul,
range 2.5-5.0x 10°) and are considered affected by
severe malaria. Other 15 children (group 2) did not
show severe alteration in the haematological parame-
ters and the disease was considered uncomplicated.
The levels of Hb in this second group of children were
medially comparable with those of patients belonging
to the groups 3 and 4 and the parasitemia degree was
below 2.5 x10°/ul in all patients. The levels of
plasma Hcy were higher in all subjects (children and
adults) with P, falciparum malaria, especially in 5—24
month old patients (group 1). These values correlate
positively with the severity of disease, number of
parasites and correlate negatively with the Hb levels
and the ages of the subjects. There was a significant
difference in the Hcy level between children with
severe and mild malaria. Cysteine was higher in all
patients, whereas cysteinylglycine was lower in 19—
35 year old patients, compared with the data of the
control groups (Table 1). Glutathione level was found
significantly lower in all subjects affected by acute
malaria. The correlation between Hcy and cysteine
was not significant (*=0.06), suggesting that the
trans-sulphuration is variably influenced by the pres-
ence of the parasite. The correlation between plasma
Hcy level and severity of malaria was found signifi-
cant at P<0.001 in the 5—24 months group of patients
(n. 30). However, the correlation between Hcy and
severity of malaria was not calculated in the 4—10
years (n. 5) and 19-35 years (n. 5) groups because of
the reduced number of patients. The correlation
between Hcy and Hb was significant (+*=0.35,
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Values of Hb, parasitemia, homocysteine and other thioles in 30 children, 5 boys and 5 adults with P, falciparum malaria and in relative controls

according to the age

Group Patients (N) Age, median  Hb (g/dl) Parasitemia (ul) Homocysteine Cysteine Cysteinylglycine  Glutathione
(range) (umol/l) (nmol/1) (umol/l) (umol/l)

1 15 9.7 (524 49+ 1.2%£  345,000* 183 £ 83&*£ 123.5+259£ 253+135 1.5+ 1.3&£
months (250-500,000)

2 15 14.8 (6—-24) 74+ 1.1&£ 165,000 164 +73&£ 1323 +237£ 264+ 14.6 25+ 1.2£
months (100-250,000)

3 5 8.4 (4-10) 9.5+ 1.9¢£ 144,000 12.3 + 8.8% 135.6 £22.0£ 3194203 23+ 1.1£
years (90—-200,000)

4 5 27.2 (19-35) 11.1 +3.5% 176,000 16.3 +9.4£ 122.1 £23.0% 21.5+8.1§ 1.5+ 1.5¢
years (120—-245,000)

5 Controls, 15 12.4 (6—24) 122423 - 59+1.9 95.0+ 14.4 343+ 129 424095
months

6 Controls, 13 7.0 (3—-10) 122423 - 6.5+ 1.7 95.7+12.6 355+ 11.8 424+0.79
years

7 Controls, 20 29.7 (20—40) 142425 - 69+13 96.3+13.0 37.1+10.0 434+0.75
years

1 versus 2: "P=0.027; *P<0.001; &P=0.037; patients versus healthy controls: £P<0.001; %P=0.003; §P=0.004; $P=0.03.

P<0.001) in 5-24 months children (Fig. 2). The
correlation between Hcy and age and between Hcy
and parasitemia was also significant (£ <0.001) in the
5-24 months children. Notably, the value of hyper-
homocysteinemia as a parameter to predict disease
severity gave a sensibility of 100%, a specificity of
97%, a positive predictive value of 97%, a negative
predictive value of 100%, when 5-24 months chil-

dren were considered. Including all the patients in the
same analysis, the sensibility decreased to 95%, the
specificity to 92%, and the positive and negative
predictive values to 91% and 96%, respectively.
According to the multivariate analysis considering
severity of malaria or Hb as dependent variable, the
most sensitive parameter (P <0.001) to predict ma-
laria severity was plasma Hcy.
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Fig. 2. Correlation between homocysteine and hemoglobin in 30 children with severe and mild malaria.
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4. Discussion

The occurrence of high levels of polyamines in the
P, falciparum or in other Plasmodium-infected cells is
well documented in the literature [7]. In fact, HPLC
analysis of the polyamines in Plasmodium knowlesi-
infected erythrocytes versus normal erythrocytes
showed a stage-dependent increment in the level of
putrescine, spermidine and spermine. A significant
increment of putrescine influx rate has been also
documented during the trophozoite stage of malaria
infection. This increment of putrescine stimulates the
activity of erythrocyte AdoMetDC, activating poly-
amine biosynthesis [8]. Since in the presence of P,

falciparum malaria SAM is greatly utilised in the

polyamine shunt, one should expect a decrement in
the Hcey level, but our results show instead increased
level of Hcy. This increase could be due to the
oxidative stress exerted by the P. falciparum infection.
The inactivation of methionine synthase, as a conse-
quence of the oxidation susceptibility of its cofactor
Vit By, [9] and the decreased level of NADPH,
deactivate the folate cycle and then give rise to high
level of Hey (Fig. 1). The increment of Hcy, because
of the reversible activity of S-adenosylhomocysteine
hydrolase (SAHH), will result in an increase of SAH
[3], which is both a product and an inhibitor of SAM-
dependent transmethylations, determining a decrease
of adenosine. SAM, in turn, will recycle methionine
by means of the polyamine shunt, via 5'-deoxy-5'-
(methylthio)adenosine (Fig. 1). On the other hand, the
increase of SAM in malaria patients determines an
increase of plasma cysteine, activating the trans-sul-
phuration pathway, mediated by CBS [10].

Although the glutathione synthesis should be in-
creased by a higher level of Hey, our data show a very
low glutathione concentration (Table 1). On the other
hand, the oxidative stress due to P. falciparum para-
sites determines a higher consumption of glutathione
[5—11]. Clinical observations and experimental evi-
dences reported in the literature show that glutathione
plays a critical role for the defence of P. falciparum
and its host cell against oxidative stress [12,13]. Other
parasites such as Giardia, Toxoplasma, Trichomonas,
etc., to protect themselves from oxidation stress,
utilize, in addition to glutathione, the trypanothione,
N',N®-bis(glutathionyl) spermidine, produced through
the polyamine route [14]. Also, P. falciparum could

synthesize a trypanothione-like compound, to com-
pensate the reduced level of glutathione. In agreement
with this hypothesis, Luersen et al. [5] demonstrated
with HPLC analysis of thioles isolated from a culture
of P. falciparum, in addition to the cysteine and
glutathione peaks, a peak of an unidentified com-
pound, which could be a trypanothione analogue. In
accord with the increased consumption of glutathione,
the plasma level of cysteinylglycine, a catabolic
product of glutathione, was found lowered in our
patients with acute malaria.

Since the folate pathway is determinant in Hcy
remethylation (Fig. 1), an inhibition of the folate
cycle, caused by the mutant allele C677T of MTHFR,
could always be associated with an increment of Hcy.

This mutated allele is differently distributed in
various geographic areas. In black African people
living in the sub-Saharan regions, the frequency of
C677T polymorphism is estimated to about 6—7%
[15,16]. In other parts of the world, this percentage
ranges from 35% to 40% [17,18] and the difference
between the population of developed and underdevel-
oped countries has been attributed to the folate defi-
ciency [19]. In fact, the homozygous condition in
underdeveloped countries would be associated with
elevated frequency of miscarriage in the first month of
pregnancy, which are responsible for the disappear-
ance of C677T mutation. On the contrary, in developed
countries the homozygous condition is associated only
to defects of neural tube [20,21] and idiopathic deep
venous thrombosis [22].

The interdependence between the P. falciparum
malaria and the Hcy metabolism seems to be clearly
demonstrated in this study by the elevated level of Hey,
suggesting another mechanism for the selection of
C677T mutant allele. In fact, the subjects who are
heterozygote for the C677T, in presence of P. falcipa-
rum, could show a further increase of Hcy. If we
consider that the parasite replicates in the red cell full
of Hcy, this increase of Hcy could interfere positively
with parasite metabolism. In fact, in such condition the
reverse reaction of P. falciparum SAHH does not
determine an increase of SAH such to damage the
parasite metabolism, because the activity of P. falci-
parum SAHH is more than 21-fold smaller in parasite
than in human cells [23].

Therefore the heterozygote of the C677T mutant
with higher Hey level should be more disadvantaged
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by the presence of P. falciparum and should die
prematurely, while on the contrary the wild-type
MTHFR allele maintains a protective role against
malaria infection. This genetic characteristic (high
frequency of wild-type MTHFR in African popula-
tion) is sustained by the finding that the black popu-
lation living in Burkina Faso shows lower levels of
Hcy [24], as a consequence of selective advantage of
the wild-type MTHFR gene.

This condition could result in a new balanced
polymorphism, as was demonstrated for G6PDH
deficiency, Hb S and Hb C, beta and alpha thalasse-
mia in the same areas at high malaria endemia. If this
is true, the study of C677T MTHFR polymorphism in
different geographic areas could allow the construc-
tion of a gene frequency map of the effect that the
presence of P. falciparum or of the folate deficiency
has left in the genetic structure of underdeveloped
population.

According to this model, some inhibitors of
enzymes of polyamine biosynthesis, such as ODC,
AdoMetDC and 5'-deoxy-5'-(methylthio)adenosine
phosphorylase [25], or inhibitors of S-adenosylho-
mocysteine hydrolase [23], y-glutamylcysteine syn-
thase [5] and trypanothione reductase [26] would
represent new therapeutic strategies against malaria
infection.

In conclusion, our results suggest that in course of
P. falciparum malaria infection, the dosage of plasma
Hcy level could be introduced as a predictive para-
meter of severity, as well as of treatment efficacy.
However, this strategy for the treatment of malaria
appears suitable only in developed countries. In fact, it
is difficult to introduce Hcy measurement as a marker
of prognostic value in malaria in the so-called third
world countries, which do not have the possibility of
Hcy measurements. In these countries, the parasitemia
and Hb measurement remain much more easy to
determine, less expensive and more rapidly available.
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