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Abstract: Free radical production from oxidative stress induced by malaria infection plays a major role in the
pathogenesis of malaria. However, the use of agents with antioxidant activity may mterfere with malaria
progression. The study involves an in vivo evaluation of the role of some antioxidant micronutrients in the
modulation of malaria infection. Rodent malaria model using Plasmodium berghei NK-65 strain (chloroquine
sensitive) was used for the study. Fourty five mice of either sex weighing 20.05+0.02 g were procured for
the study. Fourty mice were inoculated intraperiteneally with 1x107 million Plasmodium berghei infected
erythrocyte and were administered with 0.2 mL of distilled water, 0.2 mL of vehicle; Tween 80 (control and
vehicle group), chloroquine 25 mg kg™ and artesunate 4 mg kg™' (standard drug group), vitamin A 60 mg
kg™, vitamin E 100 mg kg, selenium 1 mg kg™', zinc 100 mg kg ™" (test group F, G, H and I, respectively) 72
hours post inoculation. Antioxidant micronutrients demonstrated significant (p<0.05) schizonticidal activity
when compared with negative control during the 4 day curative test. Erythrocyte membrane distability was most
markedly elevated in the tween 80 group (426.15%), followed closely by the chloroquine (373.85%) treated group
and artesunate group (329.23%) and least m the zinc treated group (32.31%). There was no significant (p=0.05)
difference in MCFI values (0.115+0.002; 0.11440.002 g dL. ") between vitamin A treated group and selenium
treated group respectively. However, this was significant (p<<0.035) between the micronutrient treated groups
and the control (negative, positive and vehicle). Conclusively, antioxidant micronutrients have antimalarial
activity which may be due potentiation of erythrocyte membrane stabilization.

Key words: Oxidative stress, micronutrient therapy, erythrocyte membrane stability, potentiation, malaria, free
radicals

INTRODUCTION

Micronutrients are known to be an integral part of
endogenous antioxidants and are known to influence
malaria progression in man. A randomized trial in Papua
New Gunea has shown that periodic supplementation
with vitamin A reduced the meidence of febrile episodes
and parasitaemia due to Plasmodium falciparum
(Hussey and Clements, 1996; Shankar et af, 2000). Also,
vitamin A 1s essential for normal immune function and has
been shown to influence both antibody response and
cell-mediated immumty (Semba, 1998). Other studies have
documented that antioxidants such as carotenoids,
vitamins C and E could provide protection against
oxidative stress induced by  malaria  mfection
(Adelekan et al, 1997). Zinc deficiency has been
observed to decreases the ability of the body to respond

to infection, affecting both cell mediated mmune
responses as well as humoral immune responses
(Okochi and Okpuzor, 2005). In another study, the
morbidity and outcome of avian malaria infection with
Plasmodium spartani was more severe m ducklings fed
with vitamin E and selenium deficient diets than in
ducklings fed with vitamin E and selenium adequate diets
(Yarrington et al., 1973). Free radicals produced from
oxidative stress are aggravated in malarial infection which
leads to decrease in the antioxidant defense system.
Consequently, oxidative stress in malaria infection can
result in the development of malarial anemia
(Kremsner et al., 2000, Clark and Hunt, 1983). Hence, there
15 need to establish the mechanism that underlies the
antimalarial activity of antioxidant micronutrients as well
as determine its role 1 malarial induced oxidative stress.
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MATERIALS AND METHODS

Materials: Chemicals and equipments: Heparimsed
capillary tubes, Light Microscope (Olympus, Japan),
EDTA bottles, Feeding trochars, Syringes (1 mL, 5 mL),
Cotton wool, Microscopic slides (Olympus, China), Hand
gloves, Giemsa stamn (Sigma), 98% Methanol (Sigma) and
Tween 80 (sigma).

Drugs: Vitamm A (Clarion Medical Pharmaceuticals,
Nigeria), Vitamin E (Clarion Medical Pharmaceuticals,
Nigeria), gluconate (Mason Vitamins
Incorporated USA), Selemum-organic (Mason Vitamins
Incorporated USA), Chloroquine (Emzor Pharmaceuticals,
and  Artesunate (Emzor Pharmaceuticals,

Zine

Nigeria)
Nigeria).

Preparation of animals: Fourty five in bred and pure
Swiss albino mice of either sex weighing between 18- 25 g
was used for the study. They were obtained from the
animal house of the Nigerian Institute of Medical
Research, Yaba Lagos State and housed in stainless steel
cages with wire screen top. The animals were about
7-8 weeks old and were maintained on commercial feeds
(Vital feeds, Jos) and tap water ad libitum for the entire
duration of the study. The mice were allowed to
acclimatize for 1 week in the laboratory environment under
a controlled temperature of 20°C and at optimum humidity
before being subjected to the experiment (Obermier and
Baldwin, 2007). Good hygiene was maintained by constant
cleaning and removal of faeces and spilled feeds from the
cages daily.

Preparation of Inoculum of Chloroquine Sensitive Strain
of Plasimodium berghei: Plasmodium berghei NK 65
strain mamtained in the laboratory of Nigerian Institute
of Medical Research, Yaba by serial blood passage
from mouse to mouse was used for the study. Donor
mouse with a rising parasitaemia of 20-30% confirmed
by thin and thick bleod film microscopy was used.
Blood (0.2 mL) was collected in a heparimzed tube
from the auxiliary plexus of wveins in the donor
mouse using heparimzed capillary tubes. The blood
was diluted with 5 mL of Phosphate Buffer Solution
(PBS) pH 7.2 that each 0.2 ml contained
approximately 1x107 infected red cells (Peter et al.,
1975; Fidock et al., 2004). Each animal received inocula of
about 10 million parasites per kilogram body weight,

50

which is expected to produce a steadily rising infection in
mice.
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Preparation of drugs

Chloroquine: Fifty milligram of powdered chloroquine
sulphate were dissolved in 20 mL of distilled water. So
that 1 mI. will contain 2.5 mg of chloroquine sulphate.
Dosage administered to the ammals in the standard drug
group (A) was 25 mg kg~ Hence the 0.2 mL of solution
admimstered contamed 0.5 mg of chloroquine sulphate.

Artesunate: Four milligram of artesunate powder was
dissolved 1n 10 mL of distilled water. Hence, 1 mL of
distilled water contained 0.4 mg of artesunate. Dosage
administered was 4 mg kg~ equivalent to 0.2 mlL of
solution.

Vitamin A: Two hundred thousand International Units of
vitamin A caplet, which is equivalent to 60 mg of
vitamin A, was used to prepare the dose administered
{60 mg kg™"). The drug was dissolved in 0.2 mL of Tween
80 used as a vehicle and distilled water in a ratio of
0.2:0.2:9.6 to make up a total volume of 10 mL.. The final
volune of drug administered was 0.2 ml, which is
equivalent to 0.495 mg of vitamin A.

Vitamin E: One hundred milligram of vitamin E caplet was
dissolved in 0.2 mL of Tween 80 and distilled water in a
ratio of 0.2:0.2:9.6 making up a total volume of 10mL. The
dose administered to the animal was 100 mg kg~ Hence,
the final volume of drug administered to the animal was
0.2 mL, which is equivalent to 1.6 mg of vitamin E.

Selenium: One milligram of selemum was dissolved in
10 mL of distilled water in its powdered form. A dose of
1 mg kg~ b.wt. was administered to the animals. The final
volume of drug administered was 0.2 mL equivalent to
0.0145 mg of selemium.

Zinc: The dose of zinc administered was 100 mg kg
100 mg of zinc was dissolved 1 10 mL of distilled water in
its powdered form. 0.2 mL of the solution was
administered which is equivalent to 1.91 mg of zinc.

Drugs/micronutrient administration: A 4-day curative
test was performed using the methods of Peters, (1965).
Peter et al. (1975) and Fidock et al. (2004). Mice were
grouped into nine groups of 5 and drug/micronutrient
administration was done daily for 4 days as shown in
Table 1. Antioxidant micronutrients were administered
orally using doses based on L.D,, values as reported by
Schrauzer (2000), Oncu et al. (2002) and Oreaghba and
Ashorobi (2006), while the standard dose of chloroquine
and artesunate were used.
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At the end of the 4 day curative treatment (day 5 post
treatment) blood samples were collected via the auxiliary
vein into EDTA specimen bottles for laboratory analysis.

Laboratory analysis

Osmotic fragility test: Erythrocyte osmotic fragility was
determined as described by Azeez and Oyewale (20103,
Alanazi (2010). 0.02 ml. of blood was added to
tubes containing ncreasing concentration of
phosphate-buffered sodium chloride (NaCl) solution at
pH7.4(0,0.1,0.3,0.5,0.7, 0.8 and 0.9%). The tubes were
mixed and incubated at room temperatwe (29°C) for
30 min. The each tube was then
centrifuged at 3500 rev min~' for 10 min. The relative
amount of hemoglobin released mto the supernatant was
determined spectrophotometrically at a maximum wave
length of 540 mm. The quotient of absorbance of the
content of individual test tubes that caused 50% lyses of
red blood cells was the Mean Corpuscular Fragility Index
(MCFT) (Chikezie, 2007). This was extrapolated from the
Osmotic Fragility Cuwve (OFT) obtained by plotting the
percentage lysis against saline concentrations. The
relative capacity of the antimalarials and antioxidant
micronutrients to stabilize or destabilize red blood cell
membrane was evaluated as percentage of the quotient of
the difference between the MCFI values of the test and
control samples (Chikezie, 2007). Thus:

content of

Table 1: Drug administration (per os) in animals
Groups

A: Uninfected mice (control group).
Mot inoculated, no dnigs administered
B: Parasitized mice (negative control

Drugs/Micronurients Dosage

group) Distilled water 0.2 ml.

C: Parasitized mice (vehicle control Tween B0 0.2 ml.
group)

D: Parasitized mice (positive control ~ Chloroquine 25 mgkg™!
treated sulphate

E: Parasitized mice (positive control)  Artesunate 4mgkg™!
F: Parasitized mice (test group 1) Vitamin A 60mgkg™
G: Parasitized mice (test group 2) Vitamin E 100 mg kg™!
H: Parasitized mice (test group 3) Selenium 1mgkg™

I: Parasitized mice (test group 4) Zinc 100 mg kg™*

%% Stability or distability = MCFE‘*;IMCFi T“‘“’lx 100
coniro.

Data analysis: Statistical analyses of the data were
performed using statistical soft ware package SPSS
version 17.0. Student’s t-test and one way ANOVA were
used to compare the mean of laboratory data between
groups. The statistical significance level was set at 95%
confidence interval and p-value<0.05 was considered
significant.

RESULTS

Table 2 revealed the mean % hemolysis mn the treated
groups at varying saline concentration (0.0-0.9 g dL™".
This was used to plot the osmotic fragility curves as
shown mn Fig. la-1. The osmotic fragility curve showed a
similar sigmoidal pattern from which the MCFI was
extrapolated after a 4 day curative treatment of established
Plasmodium berghei infection in mice. The general
hemolytic trend observed was a decrease in % hemolysis
with increasing in all the
micronutrient treated groups when compared to the
negative and vehicle control groups.

As shown in Table 3, there was a significant
difference in the Mean Corpuscular Fragility Index (MCFI)
between groups (F = 2275.65; p<0.05). This determines the
% erythrocyte membrane stability or disability of the
treatment groups. However, there was no statistically
significant difference (p>0.05) in MCFI values of vitamin
A and selemum treated groups. Erythrocyte membrane
disability (Fig. 2) was most marked in the tween 80 group
(426.15%), followed closely by the chloroquine (373.85%)
treated group and artesunate group (329.23%) and least in
the zinc treated group (32.31%).

saline concentration

DISCUSSION

The findings of the present study connote

erythrocyte membrane protection from oxidative stress

Table 2: Percent hemolysis in different groups after 4 days curative test in P. berghei parasitized mice

Hemolysis (%0)

Conc. Nacl gdL™!  Control(not inoculated)  Dist. HO  Tween-80  CQ Arte Vit A Vit E Selenium  Zinc

0 100+0.00 100+0.00  100+£0.00  100£0.00  100+0.00 1000.00 100+£0.00  100£0.00  100+0.00
0.1 17.94+0.34 41.2+2.69  40.62£1.07 427084  41.74£0.20 28.02£042 2538+1.42 22.70+0.93 23.48+0.74
0.2 14.94+0.38 30.9040.38 39.48+049 39.76+0.47 33.16+1.72 23.42+042 22.38+0.31 27.50+0.58 24.92+0.90
0.3 27.4440.58 38.2440.30 39.20+0.89 39.98+1.26 49.86+1.02 33.10£2.18 3054098 28.60+0.56 24.6420.91
0.4 31.40+0.99 34.8241.05 56.28+2.57 4588+1.22 38.16+0.48 26.30+0.95 4212+2.08 28.90+0.49 27.04+0.43
0.5 33.5441.69 33.98+1.23 55304229 4670043 47.10£0.60 22.52+0.36 25043452 26.0620.22 24.3620.92
0.6 25.82+1.49 34.6240.55 41.52+0.18 3886+0.33 30.4440.23 24.02+1.88 1870+0.81 26.72+0.94 25.66+1.09
0.7 24.08+0.96 31.460.40 35224028 30.90+0.25 20.56+0.36 27.16+0.52 7.60x0.51  19.92+1.54 23.3420.37
0.8 6.78+0.80 17.1041.08 13.8240.57 20.50+0.33 13.94+40.36  21.96+0.28 14.98+9.76 12.68+1.45 17.86+0.82
0.9 0.00+0.00 0.00+£0.00  0.00+0.00  0.00+0.00  0.00£0.00 0.00+0.00  0.00+:0.00  0.00£0.00  0.00+0.00
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Fig. 1(a-i): Osmotic fragility cwrve in, (a) Control group MCFI = 0.065, (b) Dist. H20 Group MCFT =0.239, (c) Tween
80 Group MCFI = 0.343, (d) Chloroquine Group MCFT = 0.308, (e) Artesunate Group MCFI = 0.279,
() Vitammm A Group MCFI = 0.115, (g) Vitamimn E Group MCFI = 0.129, (h) Selenium Group MCFI = 0.114,

(1) Zme Group MCFI = 0.08
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Table 3: Mean Corpuscular Fragility Index and %% Membrane Disability
after 4 Day Curative Test in P. berghei Parasitized Mice
(n=3mice each)

Dose MCFI Membrane
Group mg ke™' Parasiternia (%6) (g dL.™") Distability (2/6)
Control - - 0.065+.003 0.00
(not inoculated/no 0.2 mL  24.1442.59  0.239+0.03 267.69
treatmenit)
Negative control
(Distilled H,0) 0.2mL 21.82+3.42 0.343+0.002 426.15
Tween-80 25 0.0040.00 0.308+0.001 373.85
Positive control 4 0.00+0.00 0.279+0.002 329.23
(Chloroquine)
Artesunate 60 8.90+2.78 0.115+0.002% 76.92
Vitamin A 100 11.61+£2.78 0.129+0.002:* 98.46
Vitamin E 1 5.08+1.85 75.38
Selenim zinc 100 9.89+1.11 0.114+0.002:% 3231
0.086+0.003*
One way anova F=2275.65
p<0.05

Values are expressed as MeantSEM. df = 4, Mean difference is significant at
#p<0.05 when compared with control (negative, positive and vehicle). No
significart difference in MCFI vahie between vitamin A and seleniim treated
groups

5001
4504
4001
3501
300
2504
2001
150
100
501
1]

% membrane distability

100N a

D E

Groups

Fig. 2. Percent Membrane distability in different groups
after 4 day curative test in parasitized
mice, Key: A: Control (no inoculation, no
treatment), B: Dist. H,O, C: Tween-80, D:
Chloroquine, E: Artesunate, F: Vit A, G: Vit E,
H: Selenium, I: Zme

during malaria infection. This proposed mechanism is
further corroborated by the work of Stocker et al. (1985)
which revealed that erythrocyte membranes are better
protected by antioxidants than parasite membrane.
According to Kraus et al (1997), vitamins C and E
supplementation reduced erythrocyte osmotic fragility
and oxidative damage in rats. Similarly, exercise stress,
heat stress and other forms of oxidative stress have been
associated with increased erythrocyte osmotic fragility,
concurrently with elevated levels of Thiobarbituric Acid
Reacting Substances (TBARS) and Malondialdehyde
(MDA) which are products of lipid peroxidation in the
erythrocyte membrane (Kelle et al, 1999; Oztwk and
Gumuslu, 2004). Damage to the erythrocyte membrane
protemns and lipids due to oxidative stress leads to
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hemolysis as a result of destruction of the spectrin bands
which is the base of the erythrocyte cytoskeleton
{(Reid and Mohandas, 2004). Also damaged by oxidative
stress according to Reid and Mohandas (2004) are band
3, glycophorin C and RhAG; the membrane proteins that
link the lipid bilayer to the spectrin cytoskeleton. These
linkages play a significant role in regulating cohesion
between the lipid bilayer and the cytoskeleton; the loss of
which results in lipid loss, decreased membrane surface
area and loss of deformability of erythrocytes.
Erythrocyte membrane appears to be protected by the
antioxidant micronutrients (vitamin A, E, Zinc and
Selenium) as evidenced by a significantly lower MCTFI in
the antioxidant treated groups when compared to the
infected control groups. This proposed mechanism i1s
further corroborated by the work of Stocker et af. (1985)
which revealed that erythrocyte membranes are better
protected by antioxidants than parasite membrane.
According to Kraus et al (1997), vitamins C and E
supplementation reduced erythrocyte osmotic fragility
and oxidative damage in rats. Similarly, exercise stress,
heat stress and other forms of oxidative stress have been
associated with increased erythrocyte osmotic fragility,
concurrently with elevated levels of Thiobarbituric Acid
Reacting Substances (TBARS) and Malondialdehyde
(MDA) which are products of lipid peroxidation in the
erythrocyte membrane (Kelle et al, 1999, Ozturk and
Gumuslu, 2004). Additionally, the % membrane distablity
was also significantly lower in the antioxidant groups
when compared to infected control. Also among the
micronutrient treated groups, MCFI appears to be lower
in the zine treated group when compared to other
micronutrient groups. This finding is supported by other
studies which revealed that dietary zine deficiency in rats
1s associated with increased hemolysis of erythrocytes in
hypotonic saline (O’Dell et al, 1987, Paterson and
Bettger, 1985; Roth and Kirchgessner, 1994) and in the
presence of various detergents, alcohols and toxins
{(Paterson and Bettger, 1985). Additionally, alterations in
the composition of the erythrocyte membrane have been
detected in zinc-deficient rats (Avery and Bettger, 1988,
1992, Driscoll and Bettger, 1991; Johanning and O Dell,
1989, Paterson et al., 1987). These findings corroborate
the finding of the present study whuch revealed that zinc
had the lowest MCFT value among the antioxidants used
for treatment of malaria. In vitro addition of zinc to red
blood cells 1s also protective against hemolysins
(Avigad and Bermheimer, 1976, Takeda et al, 1977).
Consequent upon these findings, it is pertinent to state
that with membrane stabilization, hemolysis is impaired,
merozoite 18 reduced and progressive
parasitization of umnfected RBC 15 also sigmficantly

release
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reduced. Tt has been revealed that the trace element zinc
plays an important role in the structure and function of
biological membranes (Bettger and O™Dell 1993) which
also  corroborates the present study. Omxdative
modifications of the membrane increases fragility of red
blood cells (Stern 1986; Wagner et al., 1988). Because
there 1s some evidence for a physiological role of zinc as
an antioxidant (Bray and Bettger, 1990), greater oxidative
damage in zinc deficiency could be responsible for
impaired stability of erythrocytes. In a previous study by
Kraus et al (1997), enrichment of the diet with
antioxidants in combination (vitamin C, vitamin E and -
carotene) prevented the elevated osmotic fragility of
erythrocytes in zinc-deficient rats. Indeed, this suggested
an unportant role of oxidative damage m the impaired
stability of erythrocytes in zine deficiency. Vitamin E on
the other hand is a natural constituent of biological
membranes; it acts as an antioxidant by donating
hydrogen atom at 6-hydroxy! group on the chromatin ring
and by scavenging singlet oxygen and other reactive
species (Lee et al., 2004, Powers and Jackson, 2008). An
association between Reactive Oxygen Species (ROS)
generation and erythrocyte loss has been observed in
malarial infection, when such markers were measured 1n
the erythrocyte (Das and Nanda, 1999). The malarial
parasite is known to perturb the lipid composition of the
host RBC (Sherman, 1979), with RBCs n in vitro culture
showing an increase in total lipid content and a decrease
in percentage PUFA in the erythrocyte membrane
(Hsiao et al., 1991). The effect of ROS on erythrocytes is
probably a balance between the parasite and host
response. The significant reduction i membrane
percentage PUFA and a-tocopherol concentration in
malarial subjects supports oxidative stress. Wo and
Yang (1986) observed that dwuring the ageing of
erythrocyte membrane, the spectrin content, Na/K-
ATPase activity as well as the lipid fluidity were
obviously decreased. However, supplementation of a
trace amount of a selemum compound (Na,3e0,) in the
medium prevented the dissociation of spectrin from
membrane and delayed the changes of Na/K-ATPase
activity and lipid fluidity. The effectiveness
proportional to selenium concentration within the range
of 0.1-1.0 ppm (Wo and Yang, 1986). A similar effect of
supplementation of selenium on the intact erythrocytes
during ageing has also bheen observed (Wo and
Yang 1986). This supports the potent membrane
protective role of selenium as evidenced in the present
study which showed a significantly lower MCFI and %
membrane distability when compared to other treated
groups. The protective action of
biomembranes 1s generally interpreted in terms of the

selenium on

is
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activity of selenium-containing Glutathione Peroxidase
(GPx). Findings from this present study has further
reiterated the fact that antioxidant play a sigmficant role
in membrane protection. This 1s further corroborated by
the findings of Wambi et al. (2008) which observed that
dietary antioxidant supplements increased survival when
administered as a preventive measure prior to radiation
exposure as well as when given as treatment after
radiation exposure. The administration of dietary
antioxidants prior to the radiation exposwe was
associated with significant protective effects against
radiation-induced leukocyte depletion m peripheral blood
and bone marrow, suggesting that antioxidants may
improve the survival of irradiated amimals by attenuating
the deleterious effects of radiation on the host immune
system. Earlier studies have previously demonstrated
the preventive effect of antioxidants against
radiation-induced oxidative stress in vitro and in vivo,
which was measured by radiation-induced reductions of
serum or plasma total antioxidant status i ammals
(Guan et al., 2004, 2006; Kennedy et al., 2004, Wan et al.,
2005, 2006).

CONCLUSION

Consequent upon these findings, it is pertinent to
state that the antimalarial activity exhibited by these
micronutrients may be due to membrane stabilization,
impaired hemolysis, impaired merozoite release and the
inhibition of progressive parasitisation of uninfected RBC.

REFERENCES

Adelekan, DA, 0.0, Adecdu and D.I. Thurmham, 1997.
Comparative effect of malaria and malnutrition on
plasma antioxidant vitamins in children. Ann. Trop.
Paediatr., 17: 223-227.

Alanazi, F., 2010. Pravastatin provides antioxidant activity
and protection of erythrocytes loaded primaquine.
Int. J. Med. Sci., 7: 358-365.

Avery, R.A. and W.J. Bettger, 1988. Effect of dietary zinc
deficiency and the associated drop in voluntary food
intake on rat erythrocyte membrane polyamines.
J. Nutr., 118: 987-994,

Avery, RA. and W.I. Bettger, 1992. Zinc deficiency alters
the protein composition of the membrane skeleton
but not the extractability or oligomeric form of
spectrin 1n rat erythrocyte membranes. . Nutr.,
122: 428-434.

Avigad, 1.8, and A.W. Bernheimer, 1976. Inhibition by
zine of hemolysis induced by bacterial and other
cytolytic agents. Infect. Immun., 13: 1378-1381.



Pak. J. Biol. Sci., 16 (4): 160-167, 2013

Azeez, O and 1.O. Oyewale, 2010. Effects of swimming
exercise on erythrocyte osmotic fragility of the
rainbow lizard (dgama agama). Russ. J. Herpetol.,
17: 185-188.

Bettger, W.J. and B.L. O'Dell, 1993. Physiological roles of
zing in the plasma membrane of mammalian cells.
T. Nutr. Biochem., 4: 194-207.

Bray, T.M. and W.J. Bettger, 1990. The physiological role
of zinc as an antioxidant. Free Radic. Biol. Med.,
8: 281-291.

Chikezie, P.C., 2007. Osmotic fragility index of HbAA
erythrocytes in the presence of aqueous extracts of
three medicinal plants (Aframomum melegueta,
Garina kola and Cymbopogon Citracus). Global
I. Pure Applied Sci., 13: 496-499.

Clark, I.A. and N.H. Hunt, 1983. Evidence for reactive
oxygen intermediates causing hemolysis and parasite
death in malaria. Infect. Immun., 39: 1-6.

Das, B.S. and N.K. Nanda, 1999. Evidence for erythrocyte
lipid peroxidation in acute falciparum malaria. Trans.
Roval Soc. Trop. Med. Hyg., 93: 58-62.

Driscoll, E.R. and W.I. Bettger, 1991. The effect of dietary
zine deficiency on the lipid composition of the rat
erythrocyte membrane. Lipids, 26: 459-466.

Fidock, D.A., P.J. Rosenthal, S1.. Croft, R. Brunand
S. Nwaka, 2004. Antimalarial drug discovery: Efficacy
models for compound screening. Nature Rev.,
3: 509-520.

Guan, J., X.S8. Wan, Z. Zhou, I. Ware, J.J. Donahue,
IE. Biaglow and AR. Kennedy, 2004. Effects of
dietary supplements on space radiation-induced
oxidative stress in Sprague-Dawley rats. Radiat.
Res., 162: 572-579.

Guan, I, I. Stewart, ] H. Ware, Z. Zhou, I.J. Donahue and
AR. Kennedy, 2006. Effects of dietary supplements
on the space radiation-induced reduction in total
antioxidant status in CBA mice. Radiat. Res.,
165: 373-378.

Hsiao, L.L., R.J. Howard, M. Aikawa and T.F. Taraschi,
1991. Modification of host cell membrane lipid
composition by the intra-erythrocytic human malaria
parasite. P. falciparum. Biochem. T., 274: 121-132.

Hussey, G.D. and C.J. Clements, 1996. Clinical problems in
measles case management. Ann.  Trop. Paediat,
16: 307-317.

Johanning, G.I. and B.L.. O'Dell, 1989. Effect of zinc
deficiency and food restriction m rats on erythrocyte
membrane zine, phospholipid and protein content.
I Nutr.,, 119: 1654-1660.

Kelle, M., H. Diken, A. Sermet, M. Atmaca and C. Tumer,
1999. Effect of exercise on blood antioxidant status
and erythrocyte lipid peroxidation: Role of dietary
supplementation of vitamin E. Twk. I. Med. Sci,
29: 95-100.

166

Kennedy, AR., JH. Ware, J. Guan, I.J. Donahue and
LE. Biaglow et al., 2004. Selenomethicnine protects
against adverse biological effects induced by space
radiation. Free Radic. Biol. Med., 36: 259-266.

Kraus, A., HP. Roth and M. Kirchgessner, 1997. Influence
of antioxidants (vitamin C, vitamin E and B-carotene)
on the osmotic fragility and components of the
primary antioxidant system of erythrocytes in zinc-
deficient rats. Trace Elem. Elec., 14: 30-37.

Kremsner, P.G., B. Greve, B. Lell, D. Luckner and
D. Schrmid, 2000. Malarial aneamia mn Africa clhuldren
associated with high oxygen radical preduction.
Lancet, 355: 40-41.

Lee, I., N. Koo and D.B. Min, 2004, Reactive oxygen
species, aging and antioxidative nutraceuticals.
Comp. Rev.Food Sci. Food Saf., 3: 21-33.

ODell, B.L., I.D Browning and P.G. Reeves, 1987. Zinc
deficiency increases the osmotic fragility of rat
erythrocytes. J. Nutr., 117: 1883-1889.

Obermer, I.A. and RL. Baldwin, 2007. Establishing an
appropriate period of acclimatization following
transportation of laboratory ammals. ILAR T,
47: 364-369.

Okochi, V.I. and I. Okpuzor, 2005. Micronutrients as
therapeutic tools in the management of sickle cell
disease, malaria and diabetes. Afr. J. Biotechnol.,
4: 1568-1579.

Oncu, M., F. Gultekin, E. Karaoz, 1. Altuntas and
N. Delibas, 2002. Nephrotoxicity in rats induced by
chlorpyrifos-ethyl and ameliorating effects of
antioxidants. Human Exp. Toxicol,, 21: 223-230.

Oreagba, Al and R.B. Ashorobi, 2006. Evaluation of the
antiplasmodial effect of
Plasmodium berghei infection in mice. J. Medical
Sci., 6: 838-842.

Oztutk, O. and S. Gumusluy, 2004, Age-related changes of
antioxidant enzyme activities, glutathione ststus and
lipid peroxidation in rat erythrocytes after heat stress.
Life Sci., 75: 1551-1565.

Paterson, P.G. and W.J. Bettger, 1985. Effect of Dietary
Zinc Intake on the Stability of the Rat Erythrocyte
Membrane. In: Trace Elements in Man and Animals,
Mills, CF., 1. Brenner and J K. Chesters (Eds.).
Common wealth Agricultural Bureaux, Slough,

retmol  on

UK., pp: 79-83.
Paterson, P.G., O.B. Allenand W.J. Bettger, 1987. Effect of
dietary zinc deficiency on the endogenous

phosphorylaton and dephosphorylaton of rat
erythrocyte membrane. J. Nutr., 117: 2096-2105.

Peters, W., 1965. Drug resistance in Plasmodium berghei
vinke and lips, 1948 T Cloroquine resistance. Exp.
Parasitol., 17: 80-89.



Pak. J. Biol. Sci., 16 (4): 160-167, 2013

Peter, W., H. Portus and L.. Robinson, 1975. The four-day
suppressive iz vivo antimalarial test. Ann. Trop.
Med. Parasitol., 69: 155-171.

Powers, S K. and M.J. Jackson, 2008. Exercise-induced
oxidative stress: cellular mechanisms and impact on
muscle force production. Physiol. Rev., 88: 1243-1276.

Reid, M.E. and N. Mohandas, 2004. Red blood cell bloed
group antigen: Structre and function. Seminars
Haematol., 41: 93-117.

Roth, H.P. and M. Kirchgessner, 1994. Influence of zinc
deficiency on the osmotic fragility of erythrocyte
membranes of force-fed rats. Trace Elem Electrolytes
1: 46-50.

Schrauzer, G.N., 2000. Selenomethionine: A review of its
nutnitional sigmficance, metabolism and toxicity.
J. Nutr., 130: 1653-1656.

Semba, R.D., 1998. The role of vitamin A and related
retinoids in immune function. Nutr. Rev., 56: S38-548.

Shankar, A.H., B. Genton, M. Baisor, J. Pamo and
S. Tamja et al, 2000. The mfluence of zinc
supplementation on morbidity due to Plasmodim
Jalciparum: A randomized trial in preschool children
m Papua New Guimmea. Am. J. Trop. Med. Hyg., 62:
663-669.

Sherman, TW., 1979. Biochemistry of Plasmodium
(Malarial Parasites). Microbiol. Rev., 43: 453-495.

Stern, A, 1986. Red Cell Oxidative Damage. In: Oxadative
Stress, Sies, H. (Ed.). Academic Press, London, UK.,
pp: 331-349.

Stocker, R., N.H. Hunt, G.D. Buffinton, M.J. Weideman,
PH. Lewis-Hughes and I.A. Clark, 1985. Oxidative
stress and protective mechanisms in erythrocytes mn
relation to Plasmodium vinckei load. Proc. Natl.
Acad. Sci1., 82: 548-551.

167

Takeda, Y., Y. Ogiso and T. Miwatani, 1977. Effect of zinc
ion on the hemolytic activity of thermostable direct
hemolysin  from  Vibrio  parahaemolyticus,
streptolysin O and Triton X-100. Infect. Immun.,
17: 239-243.

Wagner, GM., BH. Lubin and D.T.Y. Chiu, 1988.
Oxidative Damage to Red Blood Cells. In: Cellular
Antioxidant Defense Mechamsms, Chow, C.K. (Ed.).

Vol. 1, CRC Press Inc., Boca Raton, USA.,
pp: 185-195.
Wamby, C., J. Sanzarn, X.8. Wan, M. Nuth and

I. Davis et al, 2008. Dietary antioxidents protect
hematopoietic cells and improve animal survival after
total-body irradiation. N. Radiat. Res., 169: 384-396.

Wan, X.S., P. Blochhb, TH. Ware, 7Z. Zhou and
I.J. Donahue et al, 2005. Detection of oxidative
stress induced by low- and high-linear energy
transfer radiation in cultured human epithelial cells.
Radiat. Res., 163: 364-368.

Wan, X.S., JH. Ware, Z. Zhou, I.]. Denahue, . Guan and
AR. Kennedy, 2006. Protection against
radiation-induced oxidative stress in cultired human
epithelial cells by treatment with antioxidant agents.
Int. I. Radiat. Oncol. Biol. Phys., 64: 1475-1481.

Wo, WH. and F.Y. Yang, 1986. Study on the interaction
of Se and erythrocyte membrane-protective effect of
Se on the erythrocyte membranes. Sci. Sm. B,
29:1177-1185.

Yarrington, I.T., C.K. Whitehair and R M. Corwin, 1973.
Vitaniin E-selenium deficiency and its influence on
avian malarial nfection i the duck. J. Nutr,
103: 231-241.



	PJBS.pdf
	Page 1


