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Summary :

In order to easily assess growth and destruction of Toxoplasma 
gondii in vitro, this report describes two double staining assays 
that both visualize live and dead organisms: acridine orange - 
ethidium bromide (AO-EB) and bisbenzimide (Hoechst 33258) - 
propidium iodide (B-PI). EB and PI were chosen for dead 
organisms staining while AO and B stain viable organisms. Thus, 
both double staining assays seem more informative than Giemsa 
staining or indirect immunofluorescence. They offer methods to 
study internai structure of the parasite as well as information on 
host-parasite relationships. Moreover, detection in culture are 
sensitive, easier, and less time consuming than previous methods. 
So, they should to be useful in strains behaviour analysis.
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Résum é :  D etection  fluorogénique de  Toxoplasma go n dii vivants 

Afin d'évaluer facilement la multiplication et la destruction de 
Toxoplasma gondii in vitro, deux doubles colorations sont décrites. 
Les associations acridine orange -  bromure d'ethidium et 
bisbenzimide (Hoechst 33258) -  iodure de propidium permettent 
de visualiser les organismes vivants et morts. En effet, le bromure 
d'éthidium et l'iodure de propidium ont été choisis pour colorer les 
organismes morts alors que l'acridine orange et le bisbenzimide 
l'ont été pour colorer les organismes vivants. Ces associations 
semblent plus informatives que le Giemsa et l'immunofluorescence 
indirecte et vont de plus mettre en évidence les différentes 
structures internes du parasite ainsi que ses relations avec la 
cellule hôte dont la viabilité pourra également être étudiée. Ces 
techniques sont plus faciles et plus rapides à mettre en œuvre ; 
elles permettent d'apprécier la viabilité du parasite en culture ou 
dans des milieux biologiques ainsi que le comportement de 
différentes souches de ce parasite in vitro.

MOTS CLÉS : Toxoplasma gondii, acridine orange, bisbenzimide, viabilité

Z ox o p la sm a  g o n d ii  is an intracellular protozoan 
parasite that usually causes an asymptomatic or 
a benign self-limiting infection, but may induce 

a severe disease in immunocompromised patients or 
for the foetus. Culture methods are widely used to 
detect T. g o n d ii  in human samples. The detection of 
the parasite is mostly performed by using direct exa­
mination (Giemsa), indirect immunofluorescence or a 
radioassay. Nevertheless, the correct status o f the infec­
tion can only be determined by the identification of 
viable parasites. Acridine orange alone provides simul- 
taneous information concem ing cell viability as well 
as nuclear morphologic characteristics. Some investi- 
gators used acridine orange in the determination of 
T. g o n d ii  viability before challenge (Marin et al, 1996 ; 
Pelloux et al, 1996; Kaneshiro et al, 1993; Sharma et 
al, 1986). Acridine orange has been  used to stain 
numerous parasites, including P lasm od iu m  (Hensen et 
al, 1970, Kawamoto et al, 1991, Lowe et al, 1996),
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Pneum ocystis ca r in ii  (Thomson & Smith, 1986), Blasto- 
cystis hom in is  (Suresh et al, 1994), T. g o n d ii  (Sharma 
et al, 1986), and intracellular bacteria in culture or cli­
nical specimen (Heinzen et al, 1996). The fluorochrome 
dye bisbenzimide 33258 Hoechst is widely used for 
M ycoplasm a  and Pneum ocystis ca r in ii detection and 
stain viable organisms (Laube et al, 1997). The interca- 
lating dyes, ethidium bromide and propidium iodide, are 
known to pass only through the membranes o f dead 
or dying cells. Thus, in order to differentiate dead or 
living parasites within infected cells, we report here the 
use o f two associations o f two fluorochrome dyes [acri­
dine orange/ethidium bromide (AO-EB) and bisbenzi- 
mide/propidium iodide (B-PI)] to study the multiplica­
tion ability o f trophozoites of different isolated T. g on d ii 
strains and their destruction by the host cells in culture. 
The RH strain o f T. g o n d ii  was obtained from perito- 
neal fluid o f mice. Strains were initially isolated from 
human sample and cultured on the human myelomo- 
n o cy tic  c e ll  lin e  u n stim u la ted  TH P1 (ECACC 
n° 88081201) at 37 °C in a humidified atmosphere 
containing 5 %  CO2 in RPMI medium supplemented 
with 10%  heat decomplemented foetal calve serum,
2 mM glutamine. 500 µl aliquot o f parasited cells were 
removed from a stock culture. 10 µl AO-EB ( l 0 0 mg/ml)
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or 10 µl B-PI (10 µg/ml) were added. After one minute 
incubation, infected cells were observed with an Axio- 
scop microscope (Zeiss, Germany), using a BP490 green 
filter (excitation 480 nm / emission 520 nm for AO-EB 
and excitation 330 nm / emission 380 nm for B-PI). The 
observations were made at 400 x  magnification. Number 
of cells containing tachyzoites and tachyzoite number 
in the parasitophorous vacuoles were estimated. 
AO-EB procedure identified non viable cells with 
nuclei rapidly stained in red by E B ; live host cell cyto­
plasm remained dark green with nuclei bright green 
fluorescence (Fig. 1 & 2). Live tachyzoites showed a 
dark green cytoplasm whereas dead ones showed 
light orange-green cytoplasm fluorescence (Fig. 2). The 
B-PI stain revealed that live cells presented a blue fluo­
rescence, whereas non viable organisms showed pink

fluorescence (Figs. 3 & 4). Viable forms and replica­
ting parasites appeared with blue clumping nuclei 
(Fig. 3). Intra- and extra-cellular viable and degenera­
ting T oxoplasm a  trophozoites were seen in the first 
hour after the challenge.
The aspect o f parasites observed with double staining 
assays is more informative than using conventional 
methods. Moreover parasites and cells viability is eva­
luated and internal structures are seen. These differences 
are due both to the selective staining characteristics of 
fluorogenic substrates and to the greater resolution 
afforded by the ultraviolet excitation of stained struc­
tures. AO-EB staining seems more informative and 
easier to read than B-PI staining or AO-PI staining 
(results not shown). In addition, fluorochrome double 
staining methods may be useful for studying the diffe-

Fig. 1. — THP1 cells containing viable T. gondii organisms [acri- 
dine orange-ethidium bromide stains (x  400)°.

Fig. 2. -  Acridine orange-propidium iodide stains (x  400): Arrow 
a: dead intracellular T. gondii organisms with bright orange 
cytoplasm; Arrow b: viable tachyzoites in a dead THP1 cell.

Fig. 3 . -  Bisbenzimide-propidium iodide stains (x  400): Arrow c: 
viable T. gondii organisms in viable THP1 cell; Arrow d: viable 
T. gondii organisms in a dead THP1 cell.

Fig. 4. -  Dead free tachyzoites with pink nuclear [bisbenzimide- 
propidium iodide stains (x  400)°.
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rent strain behaviour in  vitro and virulence phenotype 
expression. Indeed, double stains allow identification of 
viable free and intracellular organisms (cysts, free tachy- 
zoites) in a different manner than dead and non repli- 
cating viable organisms. Then this double stain shows 
the host cell ability to kill intracellular pathogens.
Also, since drug screening in infected animais and radio- 
assay is time consuming and expensive, in  vitro viability 
assays should have applications in studies on drug deve­
lopment against protozoa responsible for human disease.

R E F E R E N C E S _______
Heinzen R.A., Scidmore M.A., Rockey D.D. & Hackstadt T. 

Differential interaction with endocytic and exocytic path- 
ways distinguish parasitophorous vacuoles of Coxelia bur- 
nettii and Chlamydia trachomatis. Infection an d  Immu- 
nity, 1996, 64, 796-809.

Hensen D.W., Hunter D.T., Richards D.F. & Allred L. Acri- 
dine orange in the staining of blood parasites. Journal o f  
Parasitology, 1970, 56, 386-387.

Kaneshiro S.E., Wyder M.A., Wu Y.P. & Cushion M.T. Reliabi- 
lity of calcein acetoxy methyl ester and ethidium homodimer 
or propidium iodide for viability assessment of microbes. 
Journal o f  Microbiological Methods, 1993, 1 7, 1-16. 

Kawamoto F. Rapid diagnostic of malaria by fluorescence 
microscopy with light microscope and interference filter. 
Lancet, 1991, 337, 200-202.

Laube U. & Kiderlin A.F. Detection of Pneumocystis carinii 
with DNA-Binding bisBenzimide 33258 Hoechst. The 
Jou rn al o f  Eukaryotic Microbiology, 1997, 44, 35S.

Lowe B., J effa N.K., New L., Pedersen C., Engbaeck K. & 
Marsh K. Acridine orange fluorescence techniques as alter­
natives to traditional Giemsa for the diagnosis of malaria 
in developing countries. Transaction o f  the Royal Society 
o f  Tropical M edicine an d  Hygiene, 1996, 90, 34-36.

Marin J.E.G., Bonhomme A., Guenounou M. & Pinon J.M. Role 
of interferon-g against invasion by Toxoplasma gondii in 
a human monocytic cell line (THP1): involvement of the 
parasite’s secretory phospholipase A2. Cellular Immuno- 
logy, 1996, 169, 218-225.

Pelloux H., Pernod G., Polack B., Coursange E., Ricard J., 
Verna J.M. & Ambroise-Thomas P. Influence of cytokines 
on Toxoplasma gondii growth in human astrocytoma- 
derived cells. Parasitology Research, 1996, 82, 598-603. 

Sharma S.D., Catterall J.R. & Remington J.S. Parasiticidal acti­
vity of macrophages against Toxoplasma. Methods in Enzy- 
mology, 1986, 132, 626-657.

Suresh K., Ng G.C., Ho L.C., Yap E.H. & Singh M. Differen­
ciation of the various stages of Blastocystis hominis by acri­
dine orange staining. International Jou rn al f o r  Parasito­
logy, 1994, 24, 605-606.

Thomson R.B. Jr. & Smith T.F. Acridine orange staining of 
Pneumocystis carinii. Jou rnal o f  Clinical Microbiology, 
1982, 16, 191-192.

Reçu le 13 mai 1998 
Accepté le 24 août 1998

Parasite, 1998, 5, 371-373 Note de recherche 373


