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Abstract

The effects of p-chlorophenylalanine, an inhibitor of serotonin syn-
thesis, indomethacin, an inhibitor of prostaglandin synthesis, cypro-
heptadine, a serotonin, bradykinin and histamine antagonist, were
assessed separately and in combination with chloroquine (CQ) in Vom
strains of Swiss albino mice (18-22 g) of either sex infected intraperi-
toneally with 1 x 107 Plasmodium yoelii nigeriensis-induced malaria.
As prophylactic, these agents reduced from 31.9 ± 4.5 to 16.1 ± 8.1%
the level of parasitemia relative to control but had no appreciable
activity as curative agents when administered subcutaneously once
daily for 4 days after 72 h of parasites innoculum in vivo. However, CQ
alone and the combination of these agents with CQ in curative and
prophylactic treatments significantly reduced (from 50.3 ± 5.8 to 4.9 ±
0.75%) the level of parasitemia (P < 0.05), which was taken only once
72 h after the parasites innoculum. The prophylactic result was shown
to produce better results than the curative treatment. The data indicate
that inhibitors and an antagonist can reduce the parasitemia load (the
extent of damage and the severity of infection) as well as enhance the
effects of CQ when combined with it for malaria therapy. The study
reveals that the production of autacoids in established infection ren-
ders autacoid inhibitors and an antagonist ineffective for radical cure
in malarial mice; however, selective inhibition of local hormones
implicated in the pathological manifestations of malaria infection by
autacoid inhibitors and an antagonist may be a possible pathway to
reduce the severity of infection and the associated tissue damage and
to enhance the efficacy of available anti-malarials.
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Introduction

Malaria is a major disease in tropical
climates, with high mortality rates. Despite
serious efforts to eradicate the disease, ma-
laria is reemerging to take its toll among the
inhabitants of tropical developing countries.
According to the World Health Organization
(WHO) (1), approximately 300-500 million
individuals are infected with malaria, with
death totals ranging from 1.5 to 3.5 million

annually. The development of new drugs and
the evaluation of the efficacy of available
drugs for the treatment of malaria infection
have been effective in controlling the spread
of malaria. The malaria parasite Plasmodium
yoelii nigeriensis used in the present study
belongs to a group of four plasmodium spe-
cies that infect murine rodents in central
Africa (2,3).

Malaria infection is known to produce in-
flammatory responses by the release of a num-
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ber of autacoids (4). Autacoids, which are
commonly referred to as local hormones, are
pharmacologically active substances and chem-
ical mediators of inflammatory reactions. The
release of these mediators, i.e., histamine,
bradykinins, 5-hydroxytryptamine (5-HT),
and prostaglandins, during infection by ma-
laria parasites has been reported to be impli-
cated in the clinical signs and symptoms of
the infection (5-7). There are, however, some
agents that inhibit the synthesis or antago-
nize the effects of these mediators, thus pre-
venting the occurrence of the inflammatory
process. The idea that an antihistaminic drug
may also be antimalarial has been proposed
(8,9), but these studies need to be expanded.

Thus, the objective of the present study
was to examine the effects produced when
local hormones are inhibited or antagonized
in the prophylactic and curative treatments
of malarial mice with autacoid inhibitors (p-
chlorophenylalanine, p-CPA, and indometh-
acin), with an autacoid antagonist (cypro-
heptadine), and with chloroquine (CQ) ad-
ministered separately and in combination.

Material and Methods

Animals

Swiss albino mice (18-22 g) bred in the
Animal House of the Faculty of Pharmacy,
Obafemi Awolowo University, Ile-Ife, Nige-
ria, were used. The animals received stan-
dard food (Ladokun Feeds, Ibadan, Nigeria)
and water ad libitum and were maintained
under standard conditions of humidity and
temperature on a 12-h light/dark cycle. The
animals were acclimated for one week be-
fore being used. The “Principles of Labora-
tory Animal Care” (NIH, Publication No.
85-23) were followed in this study.

Drugs

p-CPA (Sigma), crystalline indomethacin
(Sigma), cyproheptadine (Prodrome Química

and Farmacêutica Ltda., São Paulo, SP, Bra-
zil), and CQ sulfate (Rhone-Poulenc Rorer,
Collegeville, PA, USA) were used.

Parasites and inoculum preparation

The N67 CQ-sensitive strain of P. yoelii
nigeriensis from the Department of Pharma-
cology and Therapeutics, University of
Ibadan, Ibadan, Nigeria, was used. A donor
mouse infected with the P. yoelii nigeriensis
strain of the rodent malaria parasite was used
for inoculum preparation. The red blood cells
(RBC) per unit volume were calculated from
the inoculum size. The number of parasit-
ized RBC in a volume of blood was then
calculated by multiplying percent parasitemia
by number of RBC. The desired volume of
blood was then obtained from the donor
mouse by cardiac puncture using a heparin-
ized sterile syringe. The blood was suitably
diluted with sterile normal saline so that the
final inoculum (0.2 ml) for each mouse would
contain the required number of parasitized
RBC (1 x 107 RBC).

Treatment protocols

Malaria infection was established by the
intraperitoneal (ip) administration of donor
blood containing 1 x 107 parasites. The two
different methods of treating malaria infec-
tion, i.e., curative and prophylactic methods,
were applied according to Ryley and Peters
(10) and Peters (11), respectively.

Curative method

Forty-five mice were infected with 1 x 107

P. yoelii nigeriensis and held for 3 days so that
the infection might be established. At the be-
ginning of day 4, they were randomized into 9
groups of 5 mice each and treated with 0.3 ml
normal saline (the control group), 10 mg/kg p-
CPA, 2 mg/kg indomethacin, 10 mg/kg cypro-
heptadine, 5 mg/kg CQ, CQ + p-CPA, CQ +
indomethacin and CQ + cyproheptadine, re-
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spectively, with the ninth group receiving the
combination of CQ + p-CPA + indomethacin
+ cyproheptadine. The drugs were adminis-
tered subcutaneously daily for 4 days. Blood
was obtained daily from the tail of each mouse
in each group from near the end of day 3 to
near the end of day 7 and used to prepare thin
blood films. Percent parasitemia level was
determined from these films. The animals were
observed for 28 days to determine whether
recovery occurred or not (10).

Prophylactic method

Nine groups of 5 mice each were treated
with the same drugs and dose using the same
route as in the curative method. The drugs
were administered for 3 consecutive days.
At the beginning of the fourth day, all ani-
mals were infected with 1 x 107 P. yoelii
nigeriensis and held for 3 days, after which
blood smears were prepared from tail blood
on day 7. Percent reduction in parasitemia
level relative to control was calculated, and
all the animals were observed for 28 days
and monitored for mortality (11).

Determination of parasitemia level

Thin blood smears were prepared, air
dried, fixed with methanol, air dried, stained
with Giemsa, and then examined by light
microscopy at 100X power. The mean per-
centage of parasitemia was calculated as
follows: total number of parasitized RBC x
100 divided by the total number of RBC.

Statistical analysis

All data generated are reported as means
± SEM and differences between group data
were determined by a modified t-test (12).
One-way analysis of variance (ANOVA) and
F-test computations were further employed
to determine the significance of the varia-
tions between and within treatment groups.
All P values less than 0.05 were considered
to be statistically significant.

Results

Figure 1 illustrates the effect of CQ, auta-
coid inhibitors, antagonist, and their combi-
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Figure 1. Curative treatment:
parasitemia of Plasmodium yoelii
nigeriensis-infected malarial
mice treated with autacoid in-
hibitors, an antagonist, chloro-
quine and their combinations.
Data are reported as means ±
SEM for 5 mice in each group.
CQ = chloroquine; p-CPA = p-
chlorophenylalanine. *P < 0.05
compared to control group (Stu-
dent t-test).
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nations on established malaria infection. p-
CPA, indomethacin and cyproheptadine did
not demonstrate significant anti-malarial ac-
tivity in vivo in monotherapy as curative
agents. p-CPA and cyproheptadine reduced
parasitemia level by 43.1 and 34.9%, respec-
tively, on day 5 of curative treatment; the
animals in these groups, however, did not
survive the 7-day treatment period.

As prophylactics (Figures 2 and 3) the
autacoid inhibitors (10 mg/kg p-CPA, and 2
mg/kg indomethacin) and the antagonist (10
mg/kg cyproheptadine) reduced the level of
parasitemia in infected mice in monothera-
py. CQ and its combination with the auta-
coid inhibitors and the antagonist showed
significant reductions relative to control (P <
0.05; Figures 2 and 3). In both treatment
methods, CQ and its single combination with
autacoid inhibitors and the antagonist exhib-
ited a marked immediate reduction in para-
sitemia level in the curative regimen, with
the effect being more than that of CQ alone
in both prophylactic and curative treatments
(Figures 1, 2 and 3). The mean percent para-
sitemia level within the curative treatment
days showed that the suppression in para-
sitemia level observed for CQ + P-CPA, CQ
+ indomethacin and CQ + cyproheptadine
was similar to the anti-malaria effects of CQ
alone. However, in the prophylactic treat-
ment the agents in single combination with
CQ maintained an average 78.1% reduction
in parasitemia level compared with a mean
reduction of 62.5% for CQ alone (Figures 2
and 3), with both values being statistically
significant.

Discussion

Malaria infection has been shown to cause
an inflammatory reaction leading to the re-
lease of various chemical mediators such as
histamine, 5-HT, bradykinins and prosta-
glandins (4-6). Thus, in the present study we
examined the possible effects of autacoid
inhibitors and antagonists on malaria infec-

Figure 3. Reduction of parasitemia at 3 days post-infection in Plasmodium yoelii nigeriensis-
infected malarial mice (N = 5) treated with autacoid inhibitors (p-chlorophenylalanine (p-
CPA, 10 mg/kg) and indomethacin (Indo, 2 mg/kg)), the antagonist cyproheptadine (Cypro,
10 mg/kg), chloroquine (CQ, 5 mg/kg), their combinations (p-CPA + CQ, Indo + CQ, Cypro +
CQ, and CQ + inhibitors (I) + antagonist (A)), and 0.3 ml normal saline (control). Data are
reported as percent ± SEM for N = 5 animals in each group. *P < 0.05 compared to control
group (Student t-test).

Figure 2. Prophylactic treatment: parasitemia at 3 days post-infection of Plasmodium yoelii
nigeriensis-infected malarial mice treated with autacoid inhibitors (p-chlorophenylalanine
(p-CPA, 10 mg/kg) and indomethacin (Indo, 2 mg/kg)), the antagonist cyproheptadine
(Cypro, 10 mg/kg), chloroquine (CQ, 5 mg/kg), their combinations (p-CPA + CQ, Indo + CQ,
Cypro + CQ, and CQ + inhibitors (I) + antagonist (A)), and 0.3 ml normal saline (control).
Data are reported as percent ± SEM for N = 5 animals in each group. *P < 0.05 compared
to control group (Student t-test).
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tion to determine the possibility of co-ad-
ministering these agents with common stan-
dard antimalarials for effective malaria thera-
py.

The curative experiments (Figure 1) indi-
cate that the autacoid inhibitors and the an-
tagonist p-CPA (a serotonin inhibitor), indo-
methacin (a prostaglandin inhibitor) cypro-
heptadine (a 5-HT, bradykinin and hista-
mine antagonist) used had no curative effect
on an established malaria infection, perhaps
because they lack radical killing or suppres-
sant activity on the parasites in monotherapy
or on the various pharmacologically active
substances produced by the parasite that en-
hance tissue damage and hamper the im-
mune response (13). Evidence suggests that
acute malaria infection induces a temporal
reduction of the immune response via auta-
coids (8,13); for example, during infection
with a plasmodium parasite, circulating T-
cells are reduced in number, accompanied
by a decrease in lymphoproliferative response
and cytokine release by peripheral blood
mononuclear cells when stimulated by ma-
laria antigens (7). This effect has been re-
versed in vitro by the use of indomethacin,
thus implicating the occurrence of prosta-
glandin secreted by activated macrophages.
The baseline parasitemia levels in the group
treated with CQ + autacoid inhibitors + an-
tagonist were higher than in the group treated
with CQ alone (Figure 1). The former group,
however, had lower parasitemia levels after
4 days of curative treatment, indicating that
inhibiting selected autacoids released during
malaria infection may enhance the efficacy
of clinical suppressant or radical cure drugs.
The exact mechanism by which this is
achieved is not fully understood although
recent research suggests the inhibition of
haem polymerase as the mechanism of ac-
tion for the enhanced anti-malarial activity
of the combination of CQ and cyprohepta-
dine (8).

The prophylactic treatment (Figures 2
and 3) of the infected mice further indicates
that a number of the pathological manifesta-
tions of malaria are mediated via autacoids
since the use of indomethacin, p-CPA and
cyproheptadine before infection reduced
parasitemia level after infection and pro-
longed the survival period. The reduction in
parasitemia levels were significant (P < 0.05)
only for the CQ and CQ + combination
groups and probably contributed to the inhi-
bition of the mediators responsible for the
immunosuppressant effect of acute malaria
(7,13).

Tricyclic anti-histaminic agents have been
reported to possess prophylactic activity since
treatment with 5 mg/kg ketotifen and 50 mg/
kg terfenadine completely prevented the es-
tablishment of infection in mice inoculated
with the sporozoites of P. yoelii nigeriensis
(9). Also, the combination of 15 mg/kg cy-
proheptadine and CQ in suppressive treat-
ments of malarial mice improved anti-ma-
larial activity compared to treatment with
either drug alone (8). The results, however,
indicate that p-CPA, indomethacin, and cy-
proheptadine did not completely prevent
RBC invasion by the malaria parasites but
show that these drugs are effective as pro-
phylactics when compared to CQ and en-
hance its prophylactic and curative proper-
ties.

The biological activity of malaria para-
sites in the host is governed by many condi-
tions which need to be understood in order to
develop a suitable chemotherapeutic agent
and regimen for their control. The present
study reports that the selective inhibition of
local hormones implicated in the pathologi-
cal manifestations of malaria infection by
autacoid inhibitors and antagonist is a pos-
sible means to reduce infection severity and
associated tissue damage and for enhancing
the efficacy of available anti-malarials.
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