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Abstract By a modified Percoll-glucose centrifugatiorous culture (Mons et al. 1983; Ramaiya et al. 1987; Suhr-
technique the rings and young trophozoites of two straliier et al. 1987).
of Plasmodium bergheiNK65 and ANKA, were sepa- According to Biungener (1985), the duration of the
rated from the other erythrocytic stages and inoculategthrocytic cycle depends on the age of the host cell and
into mice. The subsequent infection was followed f@s shorter in mature than in immature red blood cells
ANKA in normal mice and for NK65 in normal mice(RBCs). To verify this hypothesis and evaluate the possi-
and in mice with high-grade reticulocytosis induced kyte impact on the parasitic rhythm, we synchronized by a
injections of phenylhydrazine. The duration of the erytmodified Percoll-glucose technique (Deharo et al. 1994)
rocytic schizogony of the NK65 strain was shown to ltke parasitemia of two strains Bf berghei,NK65 and
independent of the age of the host cell, and the hourAMKA. The former has a much higher affinity for imma-
inoculation did not influence the cycle of the ANKAure RBCs than does the latter. For further differentiation
strain. of the strains, high-grade reticulocytosis was induced in
mice infected with strain NK65 by injections of phenyl-
hydrazine. Another parameter investigated was the influ-
Introduction ence of the time of inoculation on the duration of the
erythrocytic schizogony of strain ANKA.

Since its first description by Vincke and Lips in 1948,
hundreds of publications oRlasmodium berghehave
appeared in the literature. Many strains have been isoMaterials and methods
ed and biological differences between strains have been

observed, such as differences in virulence, sensitivityStains

drugs, and preference for invasion of normocytes or rBfélsmodium berghelK65 (NK for New York-Katanga) was iso-

iculocytes. ) o __ lated fromAnopheles dureni millecampisi Katanga (Republic of
One of the main peculiarities of the parasite is ifire) in the forest gallery on the river Kisanga near Lumbum-

preference for immature red blood cells (Vincke arshi, and®. berghelANKA (ANKA for Anvers-Kasapa) was iso-

Lips 1948; Gaillard 1949) and its tendency to polypar ted from the same host in Kasapa, not far from the first locality

i, . . ) ry, personal communication).

sitize reticulocytes. Together with all the other species‘0o

murine malaria parasites, it was considered by Landau et

al. (1979) as belonging to the “vivax group”, and mangfection of mice

efforts were made to adapt it to in vitro cultures. This Oa,éndom-bred Swiss albino mice weighing 20-25 g (Iffa-Credo,

jective was never totally achieved, and the parasit@@nce) were inoculated intraperitoneally with blood from a fro-
preference for reticulocytes was considered to be respgan aliquoted stock. When parasitemia reached at least 10%, mice
sible for the difficulties met in trying to obtain a continuwere anesthetized and the blood was collected by retro-orbital
puncture into heparin-containing test tubes. The blood was centri-
- fuged for 5 min at 1,209 and the supernatant was discarded. The
E. Deharo - F. Coquelin - A.G. Chabaud - I. Landial) ( cell pellet was resuspended in 3 vol. phosphate-buffered saline
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70% Percoll was obtained by mixing 35 ml Percoll (Pharmacigry faint (if any) pigment; the midterm trophozoite (MT), occu-
Paris, France), 5 ml of 10-fold concentrated PBS-G, and 10 ml diging one-third to one-half of the host erythrocyte volume and dis-
tilled water. Next 15-ml Nalgene tubes were filled up to 6 ml withlaying a larger nucleus, relatively more abundant cytoplasm, a
the 70% Percoll suspension and overlaid with 1.5 ml cell suspemaller vacuole, and a few granules of pigment; the old trophozo-
sion. The tubes were centrifuged for 7 min at 30,00 a fixed- ite (OT), occupying from one-half to almost the entire volume of
angle rotor prewarmed to 28°C. The parasites were fractionatedh®s RBC and showing densely staining cytoplasm, a small vacu-
the gradient into two distinct cell bands: fraction 1 (the upper lagte, and profuse pigment; and schizonts (S), which were scanty
er), comprising mainly mid-term trophozoites, old trophozoites aadd were thus counted with OTs.
schizonts (parasitemia, approx. 95%); and fraction 2 (the lower lay-
er), comprising mainly rings, young trophozoites, and uninfected
erythrocytes (parasitemia, 1% or less). The latter fraction was gg- ;
moved by direct puncture through the wall of the tube and dilutrg%enylhydrazme treatment
in 5 vol. PBS. The suspension was centrifuged for 5 min at §200 ) . .
and the cell pellet was resuspended in saline for the injectionF@f generation of strong reticulocytosis (30%), 70 mg/kg of a phe-
0.5 ml into mice by the intravenous route (i.e & frasites). nylhydrazine solution in water was inoculated into mice by the in-
traperitoneal route. The compound was injected into mice 2 days
. before the inoculation of parasites.

Follow-up of parasite development

Blood smears from the infected mice were prepared at 3-h intervals
for 45 or 51 h consecutively, fixed with methanol, and stained with
Giemsa. The total parasitemia (percentage of infected cells) andResults
parasitic pattern (percentage of each stage) were evaluated.

Parasit Course of infection oPlasmodium bergheANKA
arasitic pattern

Five stages were defined as follows: the ring (R), the smallest 4~ _ ; ; P
tracellular stage observed following invasion of the erythrocyte e follow-up of the parasitemia and parasitic pattern of

the merozoite; the young trophozoite (YT), displaying a larger DergheiANKA synchronized and inoculated either at
vacuole, a more developed cytoplasm, an irregular contour, antdday or at midnight is depicted in Fig. 1.
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Inoculation at 1300 hours es being 21-23 h. In the two groups of mice, rings re-

L mained detectable at 6 h after the inoculation.
At 1400 hours, 1 h after the injection of the Percoll layer

with the young synchronized parasites, 65% of the para-
sites were at the R stage and 29% were at the YT St@8i§rse of infection oP. bergheNK65
From then on, the percentage of Rs decreased rapidly

while increasing numbers of YTs appeared, reachingrge follow-up of parasitic patterns Bf bergheiNK65 in
peak at 1600 hours. The following stages peaked SUcG&sstrol mice and mice pretreated with phenylhydrazine
sively: MTs, at 1900 hours and OTs and Ss, at 04QWepjcted in Fig. 2. The parasitic pattern of strain NK65
hours. The second peak of each stage was observegl @hrmal untreated mice inoculated at 1300 hours was
21-23 h after the first peak, i.e., Rs peaked at 104Qy similar to that of ANKA, the interval between peaks
hours; YTs, at 1300 hours; MTs, at between 1600 agdstages being 21-23 h. Rings remained detectable at

1900 hours; and OTs and Ss, at 0100 hours. After thaty siter the beginning of the experiment in the treated
the infection became desynchronized. mice and at 9 h in the untreated mice.

Inoculation at midnight o ) )
Affinity of P. bergheffor reticulocytes

The parasitic pattern observed in mice inoculated at mid-
night was very similar to that seen in mice inoculated latthe normal untreated mice, strain ANKA spontaneous-
midday, the interval between two peaks of the same stiygshowed a less marked attraction to reticulocytes (20%)
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Tsi when several Rs and YTs are virtually inside polypara-
sitized reticulocytes, they migrate into the layer contain-
ing old stages. In the case of strain NK65, the multiple
0,81 invasion of reticulocytes occurs very early in the infec-
tion and very few young stages are collected in fraction 2
of the gradient. In this respect, NK65 differs fromRll
064 yoelii strains and from ANKA. To obtain a sufficient
number of Rs and YTs of NK65, it is necessary to per-
form the separation at a relatively early time during the
infection and to use larger numbers of mice. The use of a
single Percoll concentration instead of a gradient as orig-
inally described by Deharo et al. (1994) speeds up the
duration of the procedure to a period of only a few min-
14 16 19 22 1 4 7 10 13 16 19 22 1 4 7 10 utes.

Hours

0,44

02

Fig. 3 Evolution of the synchronicity index5() as evaluated at 3- . . .

h intervals. Each value represents the mean percentage for 3 fbation of the schizogonic cycle

(Black squaresANKA, white trianglesNK65 with phenylhydra-

zine,white circlesNK65 without phenylhydrazine: ) The interval of 21 h between two peaks of Rs or YTs did
not vary when mice were inoculated with strain ANKA
at 1200 hours or midnight. These results confirm those

than did strain NK65 (50%; data not shown). When tloé Mons et al. (1985), who combined a culture of the

latter infected mice had been treated with phenylhydsame strain up to the mature schizont stage with their in-

zine, 85% of parasites developed inside reticulocytes. ddulation into young rats previously treated with phenyl-

the beginning of the experiment the levels of parasiterhiadrazine. The infection was thus synchronized and the

were similar (0.1%) in control and phenylhydrazineuthors found a duration of 22—-23 h for the schizogonic

treated mice. At the end of the follow-up period, 42 h laycle.

ter, the multiplication rate was X5.5 in control mice and According to Biingener (1985), the age of the para-

X10 in treated mice (data not shown). sitized cell determines the duration of the erythrocytic
cycle. The development &. yoeliiwould last 17 h in-
side normocytes and 25-29 h inside reticulocytes. The

Synchronicity index present study showed that the length of the cyclP. of
bergheidid not vary when high-grade reticulocytosis was

A synchronicity index (SI; Fig. 3) was calculated as folnduced by phenylhydrazine treatment. It appears that

lows: the duration of the schizogonic cycle of the two strains

S| = Standard deviation (SD) of the percentage of P. bergheiwith a different affinity for reticulocytes is

each stage divided by 50 (50 being the SD in a 10G%nilar and independent of the rate of invasion of reticu-

synchronous infection, counting 4 different stages). Thixytes.

index varies from 0 (asynchronicity) to 1 (synchronici-

ty). NK 65 showed a very similar S| in normal or pre-

treated mice (SI, between 0.3 and 0.7). ANKA was mubhultiplication rate

more synchronous than NK65 when the OTs and Ss

peaked (SI, 0.8-1). It has been shown by various authors that the rate of

multiplication of strains oP. bergheis dependent on the

level of reticulocytosis. An increase in the numbers of

Discussion reticulocytes inducted by hemolysis following the injec-
tion of phenylhydrazine (Ott 1968) or of anti-RBC serum
Synchronization techniques (Schwink 1960) enhances the infection, whereas a drop

in the production of RBCs caused by medullar irradia-

The technique used in this work was basically the satien (Singer 1953), hypertransfusion (Ladda and Lalli
as that previously described by Deharo et al. (1994) i966), or administration of corticoids (Cox 1974) de-
synchronization oPlasmodium yoeliilt is based on the presses the parasitic development.
variations in erythrocytic density determined in a hyper- Our results are compatible with the following inter-
tonic medium by the maturation and the subsequent fmetation: the multiplication rate of NK65 in mice with
crease in the permeability of the membranes. normal reticulocytosis is 2 times lower than that in mice

The centrifugation with a Percoll-glucose suspensianith increased reticulocytosis. This is not necessarily the
enables the separation of the very young parasites (8se, i.eP. yoelii nigeriensiswhich is the most virulent
and YTs gathered in fraction 2) from the other stages aubspecies of the. yoeliigroup, is also the one with the
the inoculation of a single parasitic stage. Howevémwest affinity for reticulocytes.
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Asynchronicity Cox FEG (1974) A comparative account of the effects of beth-
amethasone on mice infected wRfasmodium vinckei chab-

Previous work on the duration of the schizogonic cycle ggd' and Plasmodium berghei yoeliiParasitology 68: 19-

of P. yoelii(Deharo et al. 1994) showed that after the ibeharo E, Gautret PH, Ginsburg H, Chabaud AG, Landau | (1994)

oculation of the gradient layer containing young para- Synchronization oPlasmodium yoelii nigeriensandP. y. kil-

sites, new rings were detectable during the following licki infection in the mouse by means of Percoll-glucose gradi-

i di~ati ; ; ; _ent stage fractionation: determination of the duration of the
12 h, indicating that merozoites were present in the inoc schizogonic cycle. Parasitol Res 80: 159164

ulum and that they penetrated progressively into tBgilard H (1949) A propos d@lasmodium bergheVincke et
erythrocytes. For strain NK65, more rings were seen dur-Lips 1948. Buil Soc Pathol Exot Filiales 42; 431—433

ing the first 12 h post-inoculation than were observed fgadda R, Lalli F (1966) The course Bfasmodium berghenfec-

; i>a_ tion in the polycythemic mouse. J Parasitol 52: 383—-385
ANKA, and this may account for the better SynChromzﬁ‘andau I, Boulard Y (1979) Life cycles and morphology. In:

tion of the latter. . . . Rodent Malaria, Academic Press, pp 53-84

These results confirm observations by Beaute-Laffitens B, Janse CJ, Croon JJAB, Kaay HJ van der (1983) In vitro
et al. (1994), who showed the numbers of latent merozoi-culture of Plasmodium bergheiusing a new suspension
tes to be greater for strain NK65 than for strain ANKA, System. IntJ Parasitol13: 213-217

A
. - ns B, Janse CJ, Boorsma EG, Kaay HJ van der (1985) Syn-
They also thought that the biology of merozoites and Mé’ chronized erythrocytic schizogony and gametocytogenesis of

impact on the degree of synchronicity was responsible plasmodium “berghein vivo and in vitro. Parasitology 91:
for the differences in sensitivity to chloroquine found be- 423-430
tween the two strains. Ott KJ (1968) Influence of reticulocytosis on the course of infec-
: ; ; tion of Plasmodium chabaudind P. berghei J Protozool 15:
The duration of the erythrocytic cycle, i.e., 18 h Ror 369374
yoelii, 21 h forP. berghejand 24 h folP. chabaudandP. Ramajya ML, Kamath VR, Renapurkar DM (1987) Long-term in

vinckej is an important parameter that should be taken in-vitro cultivation of Plasmodium bergheilnt J Parasitol 17:
to account in performing chronotherapy studies and com-1329-1331

; i in i ; Schwink TM (1960) The effect of anti-erythrocytic antibodies up-
paring the activity of drugs in different malaria models. on Plasmodium berghénfections in white mice. Am J Trop

Med Hyg 9: 293-296
Singer | (1953) The effect of X-irradiation on infections with
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