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Abstract

The aim of the present study was to evaluate the effect of Lactobacillus casei administered orally or intraperitoneally to NIH mice,
on the experimental infection with Trypanosoma cruzi Ninoa strain. Twenty three NIH mice were randomly distributed into three
groups, which were treated seven days before the infection with 12 x 10 Trypanosoma cruzi, Ninoa strain. The animals in the
control group (n =7) received sterile saline solution by intraperitoneal (ip) route; those in the Lc-O group (n = 8) were treated with
Lactobacillus casei by oral route, and those in the Lc-IP group (n = 8) received L. casei by ip. The mice treated with the lactobacilli
showed a reduced number of blood parasites after challenge, as compared with those of the control group (P < 0.01). Similarly,
the mice treated with L. casei by ip route showed a significant minor total number of parasites after challenge, than those of the
group treated with L. casei by oral route (P < 0.05). The results suggest that the treatment of mice with L. casei, both orally and
intraperitoneally, induces a protective response against the experimental infection with Trypanosoma cruzi Ninoa strain.
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Resumen

El objetivo del presente estudio fue evaluar el efecto de Lactobacillus casei administrado por via oral o intraperitoneal a ratones
NIH, en la infeccién experimental con Trypanosoma cruzi cepa Ninoa. Se distribuyeron al azar 23 ratones NIH en tres grupos, los
cuales fueron tratados siete dias antes de la infeccién con 12 x 10 Trypanosoma cruzi, cepa Ninoa. Los animales en el grupo tes-
tigo (n =7) recibieron solucién salina estéril por via intraperitoneal (ip); los del grupo Lc-O (n = 8), Lactobacillus casei via oral, y los
del grupo Lc-IP (n = 8) recibieron L. casei via ip. Los ratones tratados con lactobacilos mostraron un nimero reducido de parasitos
sanguineos después de la confrontacion, en comparacion con el grupo testigo (P < 0.01). A su vez, los ratones tratados con L.
casei via ip mostraron un numero total significativamente menor de pardsitos sanguineos después de la confrontacion, que el
observado en el grupo tratado con L. casei via oral (P < 0.05). Los resultados sugieren que el tratamiento de ratones, tanto por via
oral como ip con L. casei, induce respuesta protectora contra la infeccién experimental con Trypanosoma cruzi cepa Ninoa.
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Introduction

rypanosoma cruzi is a protozoan parasite that

causes Chagas’ disease or American trypanoso-

miasis, which is naturally transmitted by blood-
sucking triatomine vectors to almost 150 species of
domestic and wild mammals. The disease is present
in 18 countries of the American Continent in two dif-
ferent ecologic areas: South Cone region and Central
America and Mexico region.' Cattle,” goats,” swine®
and dogs"’ are some of the domestic animals species
which infects 7. ¢ruzi. In 2002, the World Health Orga-
nization informed that approximately 17. 4 million
persons were affected by Chagas’ disease.’ In 2001, it
was estimated that 156 488 persons in Mexico were
infected with 7. cruzi.” In 2003 an infection prevalence
of 13 millions was estimated, with 3 to 3.3 millions of
asymptomatic cases and an annual incidence of
200 000 cases in 15 countries.' In Guanajuato State
only, in 2005, it was estimated that 3 755 380 indi-
viduals were in risk of suffering the disease, with an
annual incidence of 3 500 new cases.” In accordance
with the previous information and on one analysis of
the information published in the last 76 years, Chagas’
disease is one of the most important parasitic diseases
in Mexico.’

Trypanosomiasis is a priority health issue due to:
a) the need for surveillance and control in those areas
where the wild vectors can invade houses; ) the medi-
cal and social costs of taking care of infected people,
due to the lack of a well tolerated therapy, specially
when the disease is chronic.! Likewise, the treatment
must be administrated when the disease is in the acute
phase, which is very difficult to detect, there is no pre-
ventive treatment, and so far there is not an available
vaccine,' for these reasons there is the need to search
for control alternatives.

Several studies have demonstrated that it is pos-
sible to induce non-specific resistance against Trichi-
nella spiralis and Babesia microti infections in mice,'"
and against the infection with three Eimeria species in
broilers,"” by using the bacteria Lactobacillus casei. In
this study the effect of such bacteria on the infection
with Trypanosoma cruziin NIH mice was evaluated.

Material and methods
Experimental animals

NIH female mice, 2-3 months old, with an aver-
age weight of 20 g were used, to which a copropara-
sitoscopic test was carried out to check that they were
not parasitized. Then they were housed in acrylic
cages with sterilized sawdust and were fed with com-
mercial food and water ad libitum.
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Introduccion

rypanosoma cruzi es un protozoario parasito que

produce la infeccién conocida como enferme-

dad de Chagas o tripanosomiasis americana,
que es transmitida naturalmente por insectos vecto-
res triatomineos hematéfagos a cerca de 150 especies
de mamiferos domésticos y silvestres. Esta enferme-
dad es una zoonosis que se encuentra presente en 18
paises del continente americano en dos zonas ecol6-
gicas diferentes: la region del Cono Sur y la region
de Centroamérica y México." Entre las especies de
animales domésticos que infecta 7. cruzi se encuen-
tran: bovinos,” cabras,’ cerdos'y perros.”” En 2002, la
Organizaciéon Mundial de la Salud informé que alre-
dedor de 17.4 millones de personas estaban afectadas
por la enfermedad de Chagas.’ En 2001 se estimé que
156 488 personas en México estaban infectadas con
T, cruzi.” En 2003 se determiné una prevalencia de la
infeccién de 13 millones, de 3 a 3.3 millones de casos
sintomaticos e incidencia anual de 200 mil casos en 15
paises.! Para 2005 se estim6 que s6lo en Guanajuato
estaban en riesgo de infectarse 3 755 380 individuos,
con una incidencia anual de 3 500 casos nuevos.® Con
base en lo anterior y en un analisis de informacion
publicado en los dltimos 76 anos, se considera que en
México la enfermedad de Chagas es de los males para-
sitarios mas importantes.9

La tripanosomiasis es un problema de salud prio-
ritario entre otras razones debido a: a) la necesidad
de vigilancia y control en dareas donde los vectores
silvestres pueden invadir las viviendas; b) los costos
médicos y sociales del cuidado de la gente infectada,
debido a la falta de una terapia bien tolerada, espe-
cialmente contra la forma crénica de la enfermedad.’
Asimismo, el tratamiento se debe administrar a los
pacientes cuando la enfermedad se encuentra en la
fase aguda, lo cual es muy dificil de detectar, no hay
tratamiento preventivo, y hasta el momento no existe
vacuna disponible,10 por lo que es necesario buscar
alternativas para su control.

Diversos estudios han demostrado que es posible
inducir resistencia no especifica contra la infeccién
por Trichinella spiralis y Babesia microti en ratones,''
y contra la infeccién por tres especies de Eimeria en
pollos de engorda,13 por medio de la administracién
de la bacteria Lactobacillus casei. En este trabajo se
evaluo el efecto de dicha bacteria sobre la infeccion
por Trypanosoma cruzi en ratones NIH.

Material y métodos
Animales experimentales

En el estudio se usaron ratones NIH hembras, de dos



Parasite

The Trypanosoma cruzi, Ninoa strain, was utilized.
This has been maintained by cryopreservation in
liquid nitrogen at the Parasitology Department of the
National School of Biological Sciences of the National
Polytechnic Institute. This strain is regularly reacti-
vated by serial passage in NIH mice.

Microorganisms

The Lactobacillus casei, ATCC7469 strain, was cultured
in MRS medium at 37°C during 18 h. The microor-
ganisms were harvested by centrifugation at 5 000 g
for 10 min, then they were washed several times with
sterile saline solution (ss),! then the viable count was
determined and the inoculum was adjusted to the
desired concentration (cfu)."

Experimental design

Twenty three NIH mice were randomly allocated into
three groups: those in group I (n = 7) served as con-
trol and received ss by intraperitoneal route (ip) at day
0. Those in group II (n = 8) were inoculated at day 0
by ip route with 1 x 10° cfu of Lactobacillus casei, ATCC-
7469 strain. Mice in group III (n = 8) received the
same L. casei inoculum by oral route at day 0. At day
seven after treatment, each mouse in the three groups
was inoculated by ip route with 12 x 10" blood trypo-
mastigotes of 7. c¢ruzi, Ninoa strain, obtained from
previously infected animals; then they were quanti-
fied (in a Neubauer chamber) and adjusted with ss to
the desired concentration. Beginning on day three
after challenge (ac), the parasitaemia was evaluated
(number of parasites/5 pL of blood) every other day
by quantifying blood parasites.

Assessment of blood trypomastigotes

In accordance with Brener,' 5 mm?® of blood were col-
lected from the tail of each mouse, and compressed
between a slide and a coverslip to obtain a single
layer of blood cells. The number of trypomastigotes
in the 5 mm® (pL) of blood was assessed by counting
the observed parasites in 50 fields in the optical com-
pound microscope and then the obtained value was
multiplied by 70."

Statistical analysis
Data were analyzed by an analysis of variance (random

blocks) and when there were differences, the Tukey
test was used."”

y tres meses de edad, con peso promedio de 20 g, a los
que se les practic6 un examen coproparasitoscopico
para verificar que no estuvieran parasitados. Luego,
bajo condiciones adecuadas de bioterio, se alojaron
en jaulas de acrilico con aserrin esterilizado y se les
dio alimento comercial y agua ad libitum.

Parasito

Se utiliz6 la cepa Ninoa de Trypanosoma cruzi que se ha
mantenido en criopreservacion en nitrégeno liquido
en el Departamento de Parasitologia de la Escuela
Nacional de Ciencias Biologicas, del Instituto Politéc-
nico Nacional. Dicha cepa se reactiva regularmente
por pases seriados en ratones NIH.

Microorganismos

Se utilizé la cepa ATCC7469 de Lactobacillus casei
cultivada en medio MRS a 37°C durante 18 h. Los
microorganismos fueron cosechados por centrifu-
gacion a 5 000 gpor 10 min, se lavaron varias veces
con solucién salina estéril," luego se determiné la
cuenta viable y finalmente se ajust6 a la concentracion
deseada (ufc)."

Diseho experimental

Veintitrés ratones NIH fueron distribuidos al azar en
tres grupos: los del grupo I (n = 7) fungieron como
testigo y recibieron solucién salina estéril por via
intraperitoneal (ip) el dia 0. Los del grupo II (n = 8)
fueron inoculados el dia 0 por via ip con 1 x 109 ufc
de Lactobacillus casei, cepa ATCC-7469. A los animales
del grupo III (n = 8) se les administré la misma dosis
de L. casei, pero por via oral, el dia cero. Siete dias
después del tratamiento, cada uno de los ratones de
los tres grupos fue inoculado por via ip con 12 x 10*
tripomastigotes sanguineos de 7. cruzi cepa Ninoa,
que se obtuvieron de animales previamente infecta-
dos yluego se cuantificaron (en camara de Neubauer)
y se ajustaron con solucion salina estéril a la concen-
tracion indicada. A partir del dia tres posinfeccion (p
i) se evalu6 la parasitemia (nimero de parasitos/5 pL
de sangre) cada tercer dia, por medio de la cuantifica-
cién de pardsitos sanguineos.

Determinacion de tripomastigotes
sanguineos

De acuerdo con Brener,' se recolectaron 5 mm?® de
sangre fresca de la cola de cada ratéon, que fueron
comprimidos entre un portaobjetos y un cubreobjetos
para formar una sola capa de células sanguineas. El
ndmero de tripanosomas en los 5 mm?® (pL) de sangre
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Results

The results showed that the treatment (oral or
intraperitoneal) with Lactobacillus casei reduced the
number of blood parasites in mice, as compared with
the control group. From day six to day 28 after chal-
lenge, a significant difference (P < 0.01) was observed
in the mean number of blood trypomastigotes in 5
pL of blood from mice in the control group and those
in the groups treated with Lactobacillus casei (Figure
1). The maximum mean number of blood parasites
(trypomastigotes in 5 pL of blood) was observed at
days 18 (30 070 = SE 7 206), 20 (2 966 + SEM 501)
and 24 (6 116 + SEM 3 800) in control, L. casei- Min-
traperitoneal and L. casei-oral groups, respectively
(Figure 1).

When the total mean of blood parasites during the
parasitaemia occurring between days 10 and 28 after
challenge, between the groups Lc-O (mean: 3 820 +
SE 1 351) and Lc-IP (mean: 1 842.6 + SE 651.4) a sig-
nificant difference was observed (P < 0.05) (Figure
2), which suggests that the intraperitoneal treatment
with L. casei was more effective than the oral treat-
ment for the induction of resistance against Trypano-
soma cruzi, Ninoa strain.
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Trypomastigotes (x 1000) in 5 pl of blood

0 6 10 14 16 18 20 24 26 28 32 35 40 50
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Figura 1: Promedio (+ EEM) de tripomastigotes sanguineos en 5
pL de sangre extraida de la cola de ratones NIH tratados por via
oral (Lc-O) o intraperitoneal (Lc-IP) con Lactobacillus casei, siete
dias antes de la infeccion con 120 mil tripomastigotes de Trypano-
soma cruzi cepa Ninoa. Cada punto representa el promedio de siete
a ocho ratones.

* Diferencia del grupo testigo con respecto a los otros dos grupos
(P <0.01).

Figure 1: Mean of blood trypomastigotes (+ SEM) in 5 pL of tail
blood from NIH mice treated orally (Lc-O) or intraperitoneally (Lc-
IP) with Lactobacillus casei, seven days before challenge with 120 000
Trypanosoma cruzi (Ninoa strain) trypomastigotes. Each point repre-
sents the average of seven to eight mice.

* Control group difference with respect to the other two groups
(P <0.01).
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fue determinado contando los parasitos observados
en 50 campos en el microscopio 6ptico y luego multi-
plicando ese ntimero por 70."

Analisis estadistico

Se practicé un analisis de varianza (bloques al azar)
con los datos obtenidos, y cuando hubo diferencias,
éstas fueron sometidas a la prueba de Tukey."

Resultados

Los resultados indicaron que el tratamiento de rato-
nes con Lactobacillus casei, tanto oral como intraperi-
toneal, redujo el nimero de parasitos sanguineos, en
comparacion con el grupo testigo. Desde el dia seis
hasta el dia 28 posconfrontacion, se observo diferen-
cia significativa (P < 0.01) en el promedio de tripo-
mastigotes sanguineos en 5 pL de sangre entre los
ratones del grupo testigo y los de los grupos tratados
con Lactobacillus casei (Figura 1). El maximo nimero
promedio de parasitos (tripomastigotes en 5 pL de
sangre) para los tres grupos se presento los dias 18
(30 070 + EE 7 206), 20 (2 966 = EE 501) y 24 (6 116 +
EE 3 800), para los grupos testigo, L. casei intraperito-
neal y L. casei oral, respectivamente (Figura 1).
Cuando se comparé el promedio total de parasi-
tos sanguineos durante el periodo de parasitemia
comprendido entre los dias 10 y 28 posconfrontacion,

5.5 4
4.5 4
3.54
254

1.5 4
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Lc-O Lc-IP
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Figura 2: Promedio total (+ EEM) de tripomastigotes sanguineos
entre los dias 10 y 28 posinfeccion, de ratones NIH tratados por via
oral (Lc-O) o intraperitoneal (Lc-IP) con Lactobacillus casei siete dias
antes de la confrontacion conl20 mil tripomastigotes de Trypano-
soma cruzi, cepa Ninoa. Entre el grupo Lc-O y el Lc-IP se observo
diferencia significativa (P < 0.05, prueba de Tukey).

Figure 2: Mean of blood trypomastigotes (+ SEM) between days
10 and 28 after challenge, in NIH mice treated orally (Lc-O) or
intraperitoneally (Lc-IP) with Lactobacillus casei, seven days before
challenge with 120 000 Trypanosoma cruzi (Ninoa strain) trypomas-
tigotes. A significant difference was observed between group Lc-O
and group Lc-IP (P < 0.05, Tukey’s test).



Discussion

It has been emphasized that the host innate immune
response is essential for the control of the acute Try-
panosoma cruzi infection'® and that this depends on
the Toll like receptors (TLRs). In this respect, the
TLRs are fundamental molecules for the activation
of the host immune mechanisms, not only those of
the innate immune response but also those of the
acquired immune response.'” Studies carried out in
mice indicate that the oral administration of Lacto-
bacillus casei stimulates the immune system through
the innate immunity, which involves the activation of
the TLRs." NK cells are also important in the innate
immune response, because they carry out a protec-
tive role in the early phase of T. cruzi infection by
producing interferon gamma, cytokine which pre-
sumably controls the early parasite replication in the
macrophages.19 In this context, in previous studies it
was demonstrated that the ip inoculation of L. case:
in mice before the infection with Trichinella spiralis
induces the production of interferon gamma.* On
the basis of the previous information and the results
obtained in the present study it is suggested that the
observed protection against 7. cruzi was caused by the
activation of the innate immune response by L. casei
and it is supported by other studies in which it was
demonstrated that the administration of L. casei in
broilers and in NIH mice before the challenge with
intracellular protozoa induces a protective response
against Eimeria spp" and Babesia microti,"* respec-
tively.

The observation that the administration of lac-
tobacilli by intraperitoneal route induced a better
protective response as compared with the protec-
tion obtained when they were administrated by oral
route, probably was caused by the direct stimulation
of GALT (lymphoid tissue associated with the gut) of
lactobacilli in the inoculum administered intraperi-
toneally, while the lactobacilli in the oral inoculum
stimulated indirectly the GALT; in other words, the
stimulation occurred after the processing of dead lac-
tobacilli colonizing the intestinal mucosa by immune
cells of GALT.

In accordance with the results of the present inves-
tigation, it is concluded that the administration of
Lactobacillus casei by oral or intraperitoneal routes to
NIH mice induces a protective nonspecific immune
response against the experimental infection with Try-
panosoma cruzi, Ninoa strain. Likewise, it is suggested
to carry out other studies to elucidate the mecha-
nisms involved in the protective immune response so
induced.

entre los grupos Lc-O (promedio: 3 820 + EE 1 351) y
Lc-IP (promedio: 1 842.6 + EE 651.4) se observé dife-
rencia significativa (P < 0.05) (Figura 2); este resul-
tado indica que el tratamiento intraperitoneal con L.
casei es mas efectivo que el oral para generar resisten-
cia contra Trypanosoma cruzi cepa Ninoa.

Discusion

Se ha senalado que la respuesta inmunitaria innata
del portador es esencial para el control de la infeccion
aguda por Trypanosoma cruzi' y que es dependiente de
los receptores tipo Toll (TLR, por sus siglas en inglés).
Cabe senalar que los TLR son moléculas fundamenta-
les para la activacién de los mecanismos inmunitarios
del portador, no s6lo de larespuestainmunitariainnata
sino también de la respuesta inmunitaria adquirida."”
Estudios realizados en ratones indican que la adminis-
tracion oral de Lactobacillus casei estimula el sistema
inmunitario a través de la inmunidad innata, que
involucra la activacién de los receptores tipo Toll."® Las
células NK son importantes para la respuesta inmuni-
taria innata, pues desempenan un papel protector en
la fase temprana de la infeccion por T. cruzi al produ-
cir interferén gamma, citocina que presumiblemente
controla la replicaciéon temprana del parasito en los
macro6fagos.'” En este contexto, en estudios previos se
ha demostrado que lainoculacién ip de L. casei en rato-
nes antes de la infeccion con Trichinella spiralis induce
la produccion de interferén gamma.*” Con base en lo
anterior, los resultados obtenidos aqui sugieren que
la proteccién observada contra T. cruzi se debi6 a la
activaciéon de la respuesta inmunitaria innata por L.
casel y son apoyados por otros estudios en los que se
demostré que la administracion de L. casei en pollos
de engorda y en ratones NIH antes de la confronta-
cioén con protozoarios intracelulares, genera respuesta
protectora contra Eimeria spp' y Babesia microti,'* res-
pectivamente.

La observacion de que la administraciéon de los
lactobacilos por via intraperitoneal generé mejor res-
puesta protectora que cuando fueron administrados
por via oral, quizd se deba a que el tejido linfoide aso-
ciado con el intestino (GALT, por sus siglas en inglés)
fue directamente estimulado por las bacterias del
in6culo intraperitoneal, mientras que los lactobaci-
los del in6culo oral estimularon al GALT de manera
indirecta, o sea, la estimulacion se realizé después de
que las bacterias que colonizaban la mucosa intestinal
murieron y luego fueron procesadas por las células
inmunocompetentes del GALT.

De acuerdo con los resultados del presente estudio,
se concluye que la administracién de Lactobacillus casei
por via oral o intraperitoneal a ratones NIH induce
respuesta inmunitaria inespecifica protectora contra
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