The African Journal of

Medicine

and Medical Sciences

Editorial Board:
A.K. Addae
S.A. Adebonojo
0.0. Adekunle
A. Adcloye

B. Adelusi

A.F. Aderounmu
C.O. Adesanya
A. Adetugbo
A.A. Adeyokunnu
A. Agboola
0.0.0. Ajayi
E.O. Akande
0.0. Akinkugbe
0.0. Akinycmi
T. Atinmo

O. Ayeni

E.A. Ayoola
E.A. Bababunmi
E.A. Badoc
T.O. Cole

O.A. Dada
A.B.O. Desalu

Editors: T.A. Junaid
O. Bademosi and D.D.O. Oyebola

L. Ekpechi
R.A. Elegbe
G. Emerole
J.G.F. Esan
E.M. Essien
G.0O. Ezeilo

A. Fabiyi

A.O. Falase
J.B. Familusi
D. Femi-Pearse
K.A. Harrison
P.A. Ibeziako
A.C. Tkeme
A.O. lyun

F. Jaiyesimi
A.O.K. Johnson
T.O. Johnson
T.M. Kolawole
0O.A. Ladipo
S.B. Lagundoye
D.G. Montefiore
E.O. Nkposong

Volume 17
1988

N.C. Nwokolo
H.O. Obianwu
S.A. Oduntan
E.O. Ogunbu

O. Ogunbode
M.O. Olatawura
D.A. Olatunbosun
E.O. Olurin

Oyin Olurin

A. Omololu

B.O. Onadeko

G. Onuaguluchi
A.O. Osoba

B.O. Osotimehin
B.O. Osunkoya
B.O. Osuntokun
A.B.0.0O. Oyediran

~L.A. Salako

T.F. Solanke
O. Tomori
F.A.O. Udekwu
A.O. Uwaifo

BLACKWELL SCIENTIFIC PUBLICATIONS

Oxford London Edinburgh Boston Palo Alto Melbourne



Afr J. Med. med. Sci. (1988) 17, 97-100.

Effect of stress conditions on the course of trophozoite-
induced Plasmodium yoelii nigeriensis in mice recently
cured of a previous infection

J.P. O. OYERINDE®, A. F. FAGBENRO-BEYIOKU AND B. E. JAJI
Department of Medical Microbiology and Parasitology, College of Medicine of the University of Lagos,
PMB 12003, Lagos, Nigeria

Summary

The effect of stress conditions on the course of
trophozoite-induced Plasmodium yoelii niger-
tensis in mice recently treated for a previous in-
fection was studied. It was found that when the
mice were infected with up to 5943 parasites
within 6 days of treating a previous infection,
no patent infection was recorded. However, an
inoculum of 7924 parasites induced para-
sitaemia, with a long period of prepatency and a
short course of infection before the parasites
died out. None of the mice re-infected with the
parasite, and maintained at different tempera-
tures, was positive during the period of the ex-
periment.

Résumé

On a entrépris un étude sar les éffets de pres-
sion sur la cours de Plasmodium yoelii nigér-
iensis provogué par les trophozoites chez les
mouses, récémmeut trait¢  des infections
précédente. On a decourvréze que it ny avait
pas les infections mainifesté quand les mouse
¢taient infecté avec jusqu a 5945 parasites pen-
dant six jours suivant la traitement précédente.
Cepandant, un innoculum de 7924 parasites a
provoqué la parasitemié avec une période pro-
longuer de pre-manifestation et une cours
court, d'infections, apies laquelle les parasites
ont disparaitré. Aucune mouse, re-infecté avec
les parasites et préserver sur différent tem-
pératares ¢tait positif pendant la période de cet
experiment.

*To whom correspondence should be addressed.
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Introduction

In an carlier study [1], it was shown that when
mice that had been previously infected with
Plasmodium yoelii nigeriensts and treated with
chloroquine were re-challenged 7-14 days after
treatment of the previous infection, they de-
veloped parasitaemia. However, the level of
parasitaemia remained low and the parasites
ran a short course before the mice finally over-
came the infection.

In malarial countries like Nigeria the people
are not only continuously exposed to the dis-
case [2] but also subjected to various stress con-
ditions. The probability that such stress condi-
tions would affect the course of the infection in
the host is very high.

The aim of the present investigation, there-
fore, is to study the effects of inoculum size,
and temperature, on the course of a subscquent
infection of P. y. nigeriensis in mice, following
treatment of a previous infection.

Materials and methods

Effects of inoculum size on the course of P. y.
nigeriensis in mice following recovery from
a previous infection

Twenty adult male albino mice were infected
with 2. y. nigeriensis. Six days post-infection,
the average parasitacmia per mouse was 225 pa-
rasitized red blood cells per 1000 erythrocytes.
Chloroquine syrup (0.5 ml containing 10 mg
chloroquine base) was administered orally to
cach mouse. These were designated the experi-
mental mice.

Another batch of 12 uninfected mice was also
given 10 mg chloroquine base, simultancously
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with the infected batch (experimental mice).
These served as the first control group (chloro-
quine control) to monitor the effect of residual
chloroquine on the subsequent infection with
the parasite.

Ten days post-treatment, the blood of the ex-
perimental mice was examined and found to be
free of the malaria parasites. The mice were
grouped into four groups cach consisting of five
mice. All mice in each of the four groups were
individually inoculated with one of the follow-
ing doses of parasitized red blood cells: 1981,
3962, 5943, and 7924.

The chloroquine control mice (Cly) were
similarly placed into four groups. The mice in
cach group were infected with the number of
parasitized red blood cells, cortesponding with
the experimental mice.

Another set of four groups of mice (neither
previously infected nor treated with chloro-
quine) was also infected with the same number
of parasitized erythrocytes as before. These
groups of mice were the normal control group
(CIy).

The method of estimating the number of
parasitized red blood cells in a unit volume of
blood inoculated into each mouse had been de-
scribed previously [1]. Stained blood films from
cach mouse were microscopically examined for
malana parasites. The parasitacmia was deter-
nmuned daily for approximately 2 weeks. The
mortality rate among the mice was also re-
corded.

Effect of temperature on the course of infection
of P. y. nigeriensis in mice following recovery
[from u previous infection

Twenty adult male mice were infected with an
equal number of parasites. Eight days post-
infection they were treated by administration of
10 mg chloroquine base orally. After 10 days,
microscopic examination of their blood films re-
vealed no malaria parasites.

Twenty uninfected male mice were simul-
tancously given 10 mg chloroquine base. This
served as the chloroquine control group (CT)).
Twenty-four other uninfected male mice, to
which no chloroquine was given, served as the
normal control group (CT;). All the mice in the
three groups were infected with 508 parasitized
red blood cells. Each of the three groups was

divided into four, which were maintained at the
following ambicnt temperatures, 9-12°C, 19-
23°C, 27-30°C and 36-38°C. Six other un-
infected adult mice were maintained simul-
tancously at cach of the above temperature
ranges. These served as the third group of con-
trol (CT3) to monitor the effects of the expen-
mental temperatures on uninfected mice.

Blood samples were taken from all the in-
fected mice daily. Thin blood films from ecach
were examined for parasites and. when posi-
tive, the parasitaemia was determined. General
observations were also made on the mice and
the daily mortality was recorded.

Results

Lffects of inoculum size

The results are presented in Table 1. Three of
the inocula, namely. 1981, 3962, and 5943 para-
sitized red blood cells, failed to give a patent in-
fection in any of the experimental mice,
throughout the period of the experiment;
whereas both the chloroquine control (Cl;) and
the normal control (Cl;) became positive 48 h
after infection. The highest inoculum of 7924
parasitized red blood cells, however, induced
parasitaemia in the experimental mice 96 h
post-infection, when a parasite count of 20
parasitized red blood cells per 1000 red blood
cells (2%) was obtained. After 24 h, the para-
sitaemia decreased to four parasitized red blood
cells per 1000 red blood cells (0.4%). The mice
subsequently got rid of the parasites and re-
mained negative until the experiment was ter-
minated 16 days post-infection.

It is of interest to note that the course of in-
fection of the parasite in both the chloroquine
control mice and the normal control mice was
approximately the same when both groups were
inoculated with the same number of parasites
(Table 1). No correlation was found between
inoculum size and parasitaemia.

Effect of temperature

None of the experimental mice maintained at
the following ambient temperatures, 9-12°C.
19-23°C, and 27-30°C, was found to have P. y.
nigeriensis during the 12 days of the experi-



P. y. nigeriensis in mice under stress 99
Table 1. Average daily parasitacmia induced by different numbers of inoculum
in both the experimental and control mice
Inoculum size — parasitized red blood cells
Days 1981 3962 5943 7924
alter
infection  EI' CILit Clt EI* CLit Clot EI* CLt CLt EI* Clit Clt
| 0 0 0 0 0 0O 0 0 0 0 0 0
2 0 2 3 0 4 6 0 0 6 0 10 12
3 0 7 9 0 13 12 0 20 35 0 17 28
4 0 7 8 0 20 15 0 22 40 20 63 76
S 0 33 41 0 33 50 o0 46 75 4 73 88
6 0 32 46 0 32 47 0 39 68 0 44 132
7 0 100 8 0 103 90 0 88 120 0 142 168
8 0 218 190 0 211 230 0 150 244 0 258 270
9 0 385 375 0 325 480 0 220 478 0 270 282
88 T . ©
9§ — e e e e B = A N e ==
108 = By e sy E e s Em SV = =
11§ = kB oam B e = = N\ S e i
12 0 240 302 0 255 375 0 360 492 0 90 100
13 0 206 346 0 154 374 0 100 290 0 80 190
14 0 298 382 0 287 280 0 448 9 0 o0 400
15 0 161 365 0 —§ —§ —§ —§ —§ —% —%
16 0 325 | 0 360 450 —§ 370 —§ —§ 391 —%
*El: Experimental mice.
+CI,: Chloroquine control.
+CI,: Normal control.
§ Mice were not bled for microscopic examination.
1 All mice were dead.
ment. No death was recorded for the mice. The tent infection. When the inoculum was
chloroquine and the normal control groups, increased to 7924 parasites, patency was

however, showed patent parasitacmia 48 h after
infection, and the parasitacmia increased, ulti-
mately culminating in the death of the mice
(Table 2). Both the experimental animals and
the two groups of control mice maintained at an
ambient temperature of between 36°C and 38°C
did not show parasite positivity throughout the
period of the experiment, and no mortality was
recorded.

Discussion

The results of this study showed that an inocu-
lum size of up to 5943 P. y. nigeriensis. adminis-
tered within 10 days after effective treatment of
a previous infection, in mice failed to give a pa-

established 96 h after infection. Thereafter,
decreased parasitaemia was recorded before
the mice finally got rid of the parasite.

It is obvious that the first exposure of the
mice to infection with the parasite induced the
mice to develop some protective activity against
further infection. Such protective activity may
be humoral, as reported by Hamburger and
Kreier [3] who used free-stage parasites to de-
monstrate protective humoral activity in serum
of recovered rats. McGregor and Cohen [4] also
reported that serum from immune patients or
even animals contains antibodies that, by
passive transfer, will reduce parasitaemia and
bring about clinical cure of acute infection.
Conversely, the protective activity could be
cellular because it is well known that host
phagocytic cells do phagocytose malaria para-
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Table 2. Avcrage parasitacmia in mice exposed to various temperatures

Temperature
Days 9-12°C 19-23°C 27-30°C 36-38°C
after
infection ET* CTi CTf ET® CT# CTLf ET* CT 1 CTof ET* CT# CIt
1 0 0 0 0 0 0 0 0 0 0 0 0
2 0 14 20 0 0 22 0 19 16 0 0 0
3 0 39 80 0 64 68 0 106 104 0 0 0
4 0 206 102 0 29 341 0 291 321 0 0 0
5 0 199 287 0 401 432 0 484 515 0O 0 0
6 0 149 342 0 334 374 0 270 353 O 0 0
7 0 135 263 0O 103 205 O § 212 0 0 0
8 0 147 205 O 9 174 0 § 175 0 0 0
9 0 120 183 0O 323 335 0 § 387 0 0 0
10 0 § 297 0 224 259 0 § § 0 0 0
119 _  — —_— —_—  —_—  —_- = = = == =
12 0 § 172 0 125 145 0 § H2 0 0 0

*ET: Experimental mice.
tCT,: Chloroquine control.
$CT,: Normal control.

§ All mice were dead.

4 No reading was taken.
Note:

sites either in erythrocytes or free in the
circulation. It is, however, probable that both
humoral and cellular protective activities are
in action in the present study.

This study also shows that an imunological
state developed in the host depending on the in-
oculum size, with a large inoculum overcoming
the immunc state of the host and resulting in
the establishment of the parasite. The course of
infection of the parasite in such *partially im-
mune’” hosts, however, is short, resulting in the
spentaneous recovery of the mice. It appears
that the challenge infection acted as a booster
dose for the host's reaction against the parasite.

[t is perhaps not surprising that none of the
infected mice maintained at different tempera-
ture ranges was positive. In other words, stress
condition induced by temperature had no effect
on the development of the parasite. This is
probably duc to the host’s physiological acti-
vities, i.e. mice arec warm blooded and are able
to keep their internal temperature constant, re-

Each figure is the average parasitacmia of the surviving mice.

gardless of the external temperature. As such,
any variation in the external temperature of the
mice would not be transmitted to their internal
environment, which is the micro-habitat of the
malaria parasites.
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