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TRYPANOSOMA RANGELI (TEJERA, 1920). OBSERVATIONS UPON
PLEOMORPHISM
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Seccion de Parasitologia, Instituto de Zoologia Tropical, Facultad de Ciencias,
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Metatrypomastigotes of Trypanosoma rangeli Tejera, 1920, harvested from LIT medium,
were inoculated i.p. or s.c. into 6, 16, and 26 g NMRI mice, these representing increasing
degrees of immunological maturity. In all cases, similar pleomorphic patterns were observed.
Four morphobiometrically differentiable types of trypanosome were encountered in an overlap-
ping temporal sequence. These observations, taken in comparison with those on pleomorphism
in this and other species of Trypanosoma by other workers, are consistent with the hypothesis
that the pleomorphic types represent the natural development of the parasite, rather than the
result of the immune response of the mammal host. Small, slender trypanosomes prevalent at the
onset of the parasitemia either reinvade the tissue cells for relatively limited subsequent gen-
erations of tissue reproduction, or else differentiate toward the forms that are only capable of

colonizing the insect vecior.
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Trypanosoma rangeli 1s a hemoflagellate
that employs a wide variety of American
mammal hosts and hemipterous insects
(Reduviidae, Trniatominae) 1n its life cycle
(D’ Alessandro, 1976). Its behavior in the in-
sect vectors 15 well understood (see references
in Tovar et al.,, 1989; Hecker et al., 1990);
however, studies on its development in the
mammal have given controversial results (see
references in Urdaneta-Morales & Tejero, 1986;
Scorza et al., 1986).

Morphological studies of bloodstream
trypomastigotes of 7. rangeli have been made
mainly in 1solated stages during the course of
natural infections of humans (De Leon, 1949;
Torrealba et al., 1950; Pifano, 1954) and in
animals, both domestic (Pifano et al., 1949)
and wild (Pifano, 1954; Walton & Sousa,
1967); experimental infections have also been
studied (Miles et al., 1983; Steindel et al.,
1991). Grewal (1969) and Ainez (1981) have
reported certain progressive morphological
changes in the parasite 1n experimental infec-
tions,
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Using our mouse model (Urdaneta-Morales
& Tejero, 1985; Tejero et al., 1988) we have
studied the influence of host age and route of

inoculation upon the course of pleomorphism
(Lom, 1979) in T. rangeli.

MATERIALS AND METHODS

Three groups of 10 male albino mice (NMRI
strain), with mean weights of 6, 16, and 26 g,
were inoculated 1.p. with 100 000 metatrypo-
mastigotes/g body weight (Tejero et al,, 1988)
of the “Dog-82" strain of 7. rangeli harvested
from axenic LIT medium (Urdaneta-Morales
& Tejero, 1985). An additional group of 10 6
g mice was inoculated s.c.

From each group of 10 mice, tail blood
was taken from 5 mice chosen at random ev-
ery 24 hr for examination fresh (Urdaneta-
Morales & Tejero, 1985) and for preparing
stained films. Parasitemias were determined 1n
this way (Brener, 1962} until the parasites were
no longer detectable 1n fresh blood. Thin films
were fixed for 3 min 1n absolute methanol and
stained for 30 min with Giemsa. The stained
films were examined under o1l immersion (1000
X) by 2 independent observers; a minimum of
50 randomly chosen flagellates tn each stage
of parasitemua were drawn with a “Nikon”
camera lucida to determine the biometrics
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according to Hoare (1972). By cluster analy-
sis, employing the values of the total length of
the flagellates, there were established the four
pleomorphic types, examples of which were
photographed as already described (Urdaneta-
Morales & Tejero, 1985}, In periods of low
parasitcmia, a mimnimum of 500 fields were
examined.,

RESULTS

The “*Dog-82" strain of 7. rangeli, in all
three groups of mice of differing weights and
with both routes of moculation, showed the
typical patterns of parasitemia (Fig. 1) and
similar morphological development. As the
infections progressed, there appeared an over-
lapping sequence of four morphologically dif-
ferentiable types of blood trypanosome (Fig.
2), clearly separable btometrically (Tables |
and II}, Type 1 had an undulating membrane
and vacuoles in the cytoplasm that were
scarcely perceptible, while Type 4 had an
undulating membrane with 4-5 waves and
numerous vacuoles in the cytoplasm; the inter-
mediate Types 2 and 3 showed progressive
development of the membrane and of cyto-
plasmic vacuohzation. Types 1-3 were present
at the beginning of parasitermia and during its
rise; Types 3-4 abounded during the peak and
as the parasitemia fell; Type 4 was the only
form present prior to the disappearance of
parasitemia (Figs 3A, B, C, D).
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Fig. 1: parasitemias by Trypanosoma rangeli in white
mice of different weights, inoculated intraperitoneally
or subcutaneously. Termination of the curve indicates
disappearance of parasites.
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Fig. 2: pleomorphic types (1-4) of Trypanosoma rangeli
from blood of infected mice. (Giemsa. 1,500 X).

DISCUSSION

The phenomenon of cellular variability by
which a single genotype may originate differ-
ent phenotypes 1s often a consequence of en-
vironmental conditions nfluencing cellular
differentiation (Overath ¢t al., 1983). Pleomor-
phism, a particular expression of variability, is
defined by Lom (1979) as “a sequential phe-
notypic manifestation (at times superimposed)
of a genotype expressed in the stage of the
trypomastigote 1n the vertebrate host”, This
phenomenon, observed in blood flagellates of
poikilothermic (Lom, 1979) and homoiother-
mic vertcbrates (Nantulya et al., 1976; Brener,
1979; Ormerod, 1979; Urdaneta-Morales, 1983)
1s mamfested by the successive expression,
possibly programmed, of different genes
(Vickerman, 1985). Changes in overall size,
ratio of length to width, in the number and
stze of the waves in the undulating membrane,
in the positions of the nucleus and the kineto-
plast, and in the length of the free flagellum,
these are all observable morphological charac-
ters expressing the phenomenon (Lom, 1979;

Ormerod, 1979).
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TABLE 1
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Biometric comparisons of blood trypomastigotes from infected mice. Ranges given with mean in parentheses

i

Measures (1)

Group No.

L B PK PN NA F KN
1 9.3 0.9 1.1 5.3 1.0 1.6 3.2
38.9 5.1 8.8 20.7 12.8 21.2 16.7
(32.1) (2.9) (3.7) (15.00) {6.2) (10.9) (11.3)
2 15.0 0.9 0.9 7.6 0.9 0.01 3.5
38.9 5.3 7.8 22.0 13.0 22.2 19.0
(30.7) (2.8) (3.6) (14.8) (6.2) (9.7) (i1.2)
3 10.1 0.9 1.0 5.2 1.7 1.0 4.1
39.0 5.0 9.4 20.7 124 18.5 15.9
(31.5) (2.9} (3.3) (15.6) (6.1) (10.0) (11.2)
4 9.3 0.9 0.5 3.2 1.0 1.3 3.1
39.0 5.1 8.0 22.1 12.6 18.6 17.4
(30.3) (3.0) (3.4) (15.1) (6.0) (9.2) (11.7)

L =total length; B = maximum width; PK = distance between posterior end and kinetoplast; PN = distance
between posterior end and nucleus; NA = distance between anterior end and nucleus; F = length of free flagellum;

KN = distance between nucleus and kinetoplast.
Group No.:1}6 g.ip.;2)6¢g,s5c.;3) 16 g,1.p.;4) 206 g, 1.p.
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Fig. 3: curves showing companson between course of parasiternia and mean length of blood trypanosomes in mice:
Ay6g ip.B)6g sc;C)l6g, i1p;D)26g ip.

trol it. Some authors have suggested a sexual
process, while others take it to be maturation

and differentiation in the trypomastigote (see

There 1s much controversy upon the bio-
logical significance of pleomorphism in Frypa-
nosoma and upon the mechamsms which con-
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TABLE 11

Biometric data on the total lengths of the
pleomorphic types {1 — 4) of Trypanosoma rangeli
from infected mice

Measures ()

Pleomorphic types

Range Mean
1 9.3 —15.0 10.9
2 16.7 — 21.0 17.9
3 241 — 269 249
4 31.5 -390 31.9

references 1n Brener, 1979; Urdaneta-Morales,
1983). Others yet have taken pleomorphism to
be a result of the aggressive immune response
of the mammal host (Pizzi, 1933; Brener,
1969). This last concept, however, appears to
be negated by the appearance of pleomorphism
in immunologically deficient hosts (Goedbloed
& Kinyanjui, 1970; Urdaneta-Morales, 1983),
1in immuno-suppressed hosts (Balber, 1972;
Ormerod et al., 1974; Nantulya et al.,, 1976;
Murray & Black, 1985), and in tissue culture
(Brun et al., 1981; Urdaneta-Morales, 1983).
In our investigations, we have observed the
identical pleomorphic types and their succes-
sion in both immunologically immature ani-
mals and in adults. This appears to indicate
that the pleomorphism 1s a natural develop-
mental sequence in the bloodstream rather than
a consequence of the immune response of the
host.

Mitochondrial repression and activation,
with the consequent changes 1n energy me-
tabolism, may govern the morphological
changes that occur during the bloodstream cycle
of certain species of the Saltvarian trypano-
somes, with formation of slender and stumpy
forms, respectively; structural and/or spatial
modification of the microtubules may parallel
these physiological changes, thus moditying
the architecture of the cytoplasmic membrane
{see references in Vickerman, 1985). The pleo-
morphism in other species (particularly T.
cruzi) would not necessanly follow this pat-
tern, since there is no pronounced mitochon-
drial cycle in these forms (Vickerman, 19835),
and the ultrastructure of the slender and stout
forms of T. cruzi is very similar (Mana et al.,
1972). The ultrastructural and metabolic sig-
nificance of these events for the pleomorphism
of 7. rangeli have not yet been elucidated.
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Slender forms could possess a greater in-
fectivity for the mammal host (Himur et al.,
1976, Vickerman, 19835), readily penetrating
the host cells (Brener, 1979); this would seem
to be particularly significant for those species
that reproduce in the tissues (subgenera
Schizotrypanum and Herpetosoma). Our results
are 1n accord with these observations; the small,
slender Type 1 trypanosomes rapidly disap-
pear from the bloodstream, 1nvading the tissue
cells (Urdaneta-Morales & Tejero, 1986}, where
they reproduce as amastigotes, which trans-
form into trypomastigotes that are liberated
into the bloodstream, where they either reenter
the tissues for a relatively brief reproductive
cycle (Scorza et al.,, 1986) or else develop
pleomorphically. The broad and the stout
trypomastigotes of the genus Trypanosoma
would be preadapted for growth and develop-
ment in the msect vector (Wyers & Willet,
1960; Brener, 1979; Vickerman, 1985; Ribeiro
et al., 1986). In our laboratory, we have found
that Type 4 trypomastigotes of the “Dog-82"
strain have low infectivity to normal hosts;
massive mnoculations of this type of trypomas-
tigote 1nto rats and into mice of whatever age
produce only transient parasitemias which can-
not be sequentially transmitted by injection of
parasitized blood into new hosts. These forms
however readily infect the nymphs of Rhodnius
prolixus, R. robustus, and Trialoma villiceps,
producing salivary gland infections that are
readily transmitted by the insect bite, inducing
parasitemias in healthy mice (Urdaneta-Mo-
rales & Tejero, 1985; Tovar et al., 1989). These
observations raise the question as to whether
the cytoplasmic vacuolization seen 1n the later
blood trypanosomes of 7. rangeli may not be
a degenerative process, as postulated for other
Trypanosoma (Ormerod, 1979), but rather a
preadaptation for the takeup by the insect vec-
tor, and whether the process of vacuolization
might be responsible for loss of virulence to
the mammal host.
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