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Gametogenesis of Plasmodium berghei in Corticosteroid-Treated
Albino Mice
by NEELAM TANDON 1 & N. C. BHATTACHARYA 2

Despite the wealth of information on the life-
cycle, anatomy, taxonomy, etc. of the malaria para-
sites, the factors controlling their morphogenesis,
particularly gametocyte production, even now
remain largely unknown and speculative. It has been
observed that one or more generations of schizogony
in the blood appear to be a necessary preliminary
to a change to sexuality (Garnham, 1966). Gameto-
cytes are highly sensitive to abnormal conditions
such as growth of the parasite in vitro or in unnatural
hosts, and in repeated non-cyclic syringe trans-
mission in the optimum host, when the sexual
form becomes quite inapparent. In this last condi-
tion the production of gametocytes tends to be
rapidly reduced or apparently lost (Vincke & Michiels
1963). It has also been stated that a period of
4i quiescence" at subzero temperature may result in
revival of gametocyte production (Bafort et al., 1965).
While emphasizing the incompleteness of our
knowledge of the factors regulating gametogenesis,
Bishop (1955), in her review of the subject, indicated
that the physiological state of the host was an
important factor in the production of the sexual
form. The present study was therefore undertaken
to study whether gametogenesis is affected by the
use of immunodepressant drugs. As a preliminary
step, an attempt has been made to treat the rodent
host with a known immunodepressant corticosteroid
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and to observe its effect on gametogenesis in
Plasmodium berghei.

Material and methods

Laboratory-bred adult albino mice were inoculated
intraperitoneally with 1 mg dexamethasone 21-
phosphate every 12 hours throughout the period
of study (12 days). P. berghei maintained in this
laboratory by non-cyclic passage in albino mice were
used in the experiment. This strain, as a consequence
of numerous syringe passages, was observed to have
considerably lost its power of gametogenesis. On
the third day of corticosteroid administration,
4 mice were infected by the chosen Plasmodium
strain. At the same time 4 mice of the same age
not receiving the drug were infected similarly with
the same strain of P. berghei to serve as control.
The dosage of inoculum was the same in both
cases.
From the sixth day after infection two peripheral

blood smears were made each day for 3 consecutive
days from each animal of the two groups of
mice. This was because gametocytes of this strain
of P. berghei usually appeared on the sixth day after
infection. The smears were stained with Leishman's
stain and examined under the microscope. The num-
bers of parasitized cells, gametocytes, and schizonts
in 15-25 oil-immersion fields of two smears from
each animal were determined daily for 3 days and
the average numbers of each group per field cal-
culated. The results are shown in the table.
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OBSERVATIONS OF PARASITIZED RED BLOOD CELLS, SCHIZONTS AND GAMETOCYTES a

Control Experimental
Day after PaaiiePastzdInfection PRasitized Schizonts Gametocytes Parasitized Schizonts Gametocytes

field per field per field field per field per field

Experiment I

6th day 160/20 = 8 220/20 = 11 80/20 = 4 690/15 = 46 30/15 =2 1020/15 = 68

7th day 308/22= 14 264/22= 12 88122= 4 750/15= 50 60/15= 4 1110/15= 74

8th day 330/22 = 15 440/22 = 20 132/22 = 6 1120/20 = 56 80/20 = 4 1600/20 = 80

Average 12.3 14.3 4.7 50.7 3.3 74.0

Experiment 2

6th day 200/20 = 10 300/20 = 15 100/20 = 5 630/15 = 42 60/15 = 4 1080/15 = 72

7th day 260/20 = 13 320/20 = 16 100/20 = 5 870/15 = 58 60/15 = 4 1140/15 = 76

8th day 280/20 = 14 400/20 = 20 160/20 = 8 900/15 = 60 75/15 = 5 1230/15 = 82

Average 12.3 17.0 6.0 53.3 4.3 76.7

Experiment 3

6th day 200/20 = 10 240/20 = 12 40/20 = 2 760/20 = 38 40/20 = 2 1200/20 = 60

7th day 260/20 = 13 240/20 = 12 80/20 = 4 750/15 = 50 75/15 = 5 1080/15 = 72

8th day 320/20 = 16 320/20 = 16 120/20 = 6 1200/20 = 60 100/20 = 5 1720/20 = 86

Average 13.0 13.3 4.0 49.3 4.0 72.7

Experiment 4

6th day 150/15= 10 120/15= 8 30/15=22 600/15= 40 | 60/15= 4 960/15 = 64

7th day 210/15 = 14 180/15 = 12 60/15 = 4 1000/20 = 50 80/15 = 15 1400/20 = 70

8th day 210/15 = 14 270/15 = 18 120/15 = 8 1120/20 = 56 120/20 = 6 1640/20 = 82

Average 12.7 12.7 4.7 48.7 5.0 72.0

Experiment 5

6th day 240/20 = 12 240/20 = 12 80/20 = 4 920/20 = 46 40/20 = 2 1240/20 = 62

7th day 280/20=14 320/20=16 80/20= 4 960/20= 48 80/20= 4 1520/20= 76

8th day 320/20 = 16 360/20 = 18 120/20 = 6 1160/20 = 58 80/20 = 4 1600/20 = 80

Average 14.0 15.3 4.7 50.7 3.3 72.7

Experiment 6

6th day 150/15= 10 180/15= 12 60/16= 4 690/15= 46 45/15= 3 900/15= 60

7th day 250/20 = 12 240/20 = 12 80/20 = 4 1000/20 = 50 80/20 = 4 1400/20 = 70

8th day 240/15 = 16 270/15 = 18 120/15 = 8 1040/20 = 52 80/20 = 4 1640/20= 82

Average 12.7 14.0 5.3 49.3 3.7 70.7

Average of experiments 1-6

12.8 14.4 4.3 50.3 3.9 73.1

a Data are given in the form alb = c, i. e., a parasitized red blood cells (schizonts, gametocytes) were found in b fields examined
in 2 smears, giving an average of c per field.



To determine exflagellation in vitro, drops of
peripheral blood from the mice of each group were
taken on clean glass slides and mixed with equal
amounts of 10% sterile sodium citrate solution. This
blood mixture was treated with carbon dioxide gas
and a coverslip put on it. The slide was next transfer-
red to a Petri dish with a moist filter-paper under it
and was incubated at 37°C for 30 min. Finally, each
preparation was examined under a compound micro-
scope.
The experiments were repeated 6 times and the

following observations made.

Observations
The administration of dexamethasone 21-phos-

phate in the stated dosage to albino mice did not
appear to have any harmful effect on the animals
compared with those not receiving it. But peripheral
blood smears of infected mice receiving the drug
showed on average several times more infected red
cells per field, mainly with gametocytes, than those
of the mice not receiving it. The number of red
blood cells infected with schizonts was about
4 times greater in the control group than in the
experimental group. Multiple parasitism, some
cells being infected with both schizonts and game-
tocytes, was found in the red cells of both the groups,
but this phenomenon was more pronounced in the
experimental group. The results of 6 sets of experi-
ments are shown in the table.
The male gametocytes were found to exflagellate

in the same manner and at the same time in both
the groups in vitro.

Discussion

It was observed that the life-span and physio-
logical activities of the albino mice used in this
experiment were not appreciably altered by the
quantity and quality of the administered corti-
costeroid. It may therefore be assumed that this
drug was not harmful to the experimental animal.

In the present study, the P. berghei strain with
reduced sexuality appeared to have regained its
power of gametogenesis remarkably when passaged
in a corticosteroid-treated optimum rodent host
and these sexual forms have also been observed to
exflagellate. It is well known that continued passage
of a parasite by blood inoculation deprives it of
its power to produce sexual forms (Garnham, 1961).
Jadin et al. (1959) have been successful in their
attempt to restore this feature. They observed that
the mouse-adapted strain of P. berghei with loss of

sexuality when passaged through young Thamnomys
surdaster, its natural host, and young hamsters
regained its ability to produce gametocytes. The
factor or factors responsible for revival ofgametogony
of the Plasmodium are difficult to interpret at the
present stage of our knowledge. It is pertinent to
assume, however, that the strain of P. berghei which
was being maintained in a natural cycle of trans-
mission involving the tree rat Thamnomys surdaster
and Anopheles dureni had lost its sexuality owing
to maintenance in a changed environment, but this
power had been reversed when the strain was
passaged in its original host. On the other hand,
this type of host dependence of gametogenesis was
not observed by other workers, namely, Manwell
(1943), Micks (1947), Gambrell (1937) and Wolfson
(1946). None of these observers could say that
gametocyte production was related to the type of
host in which the strain was maintained.

It has also been recorded that a period of " quies-
cence" at subzero temperature of the rodent
Plasmodium that had lost the power of producing
sexual forms may result in the revival of gametocyte
production with exflagellation and ookinete and
oocyst formation. The observations recorded above
seem to indicate that gametogenesis is not always
host-dependent and may be a feature of the parasite
itself, depending on the physicochemical composition
of its environment, but this remains undetermined.
It is in conformity with the observation of Plehn
(1925), who reported that a strain of P. vivax
suddenly began to produce gametocytes after a
period oftwo years during which it had been passaged
20 times without gametocytes being observed.
Thomson (1914) suggested that the stimulus

for the formation of gametocytes was the increasing
immunity on the part of the host. This was corro-
borated recently by the WHO Scientific Group
on the Immunology of Malaria (1968).
However, an inverse relationship between the

development of immunity and the number of
gametocytes produced was demonstrated by Schuff-
ner (1919), Swellengrebel & Swellengrebel-de Graaf
(1920), Sinton (1926), Wilson (1936), Bruce-Chwatt
(1951) and Muirhead-Thomson (1954).
A number of workers recorded that acquired

immunity of the host could scarcely play any part
in the production of gametocytes (Boyd et al., 1936;
Shah, 1934; Lumsden et al., 1940; Eyles, 1951;
Bishop, 1943). It is obvious, therefore, that the
factors that lead to the formation of gametocytes
are not yet clearly understood.
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It has been well documented that cortisone is
effective in suppressing the immune response in the
host (Olson, 1959).
The results of the present study appear to indicate

that treatment of the host with dexamethasone
21-phosphate is associated with increased ability
of the rodent malaria parasite to form gametocytes.
For this to operate through depression of immune
status in the host would seem to be in conformity
with the observations recorded by the second group
of workers.
The other possible alternative mechanism for

the increase of gametogenesis after corticosteroid
administration may be the effect of the drug on the
parasite itself, its metabolism being altered in an
unknown manner. The factor or factors responsible
for suppression of schizogony in corticosteroid-
treated mice, as was observed in this study, remain
to be determined.

Further studies appear necessary to understand
the effect of the corticosteroid on gametogenesis,
especially its relationship with the immune status in
the host.
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