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QUANTITATION OF DESTRUCTION OF TOXOPLASMA 

Rima McLeod 
Jack S. Remington 

I. GENERAL INTRODUCTION 

Persistence and multiplication of Toxoplasma gondii in mo-
nonuclear phagocytes in vitro provide a model in which microbi-
cidal or inhibitory capacity of infected cells can be evaluated. 
Methods used to quantitate destruction of Toxoplasma include 
visual observation of inhibition of multiplication or destruc-
tion of Γ. gondii ( 1 - 12), measurement of nucleic acid syn-
thesized by intracellular T. gondii (5), and quantification of 
the number of organisms released from cells by plaquing tech-
niques (13, 14). These assays have been employed to assess the 
microbicidal capacity of human peripheral blood and spleen mo-
nonuclear phagocytes (1, 3, 10 - 12), mouse (2, 4, 5), ham-
ster (6, 7), and guinea pig peritoneal macrophages, and mouse 
(4) and guinea pig alveolar macrophages. They have also been 
used to study microbicidal mechanisms (1 - 3), to assess lym-
phokine production and response of mononuclear phagocytes to 
lymphokines (1, 5 - 7 , 10- 12), and to assess cell-mediated 
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immunity in humans with diseases (1, 3) and in animals of vary-
ing ages (8). Mononuclear phagocytes that are not inhibitory 
to T. gondii have been employed to assay the effect of anti-
biotics on this organism (9). 

Toxoplasma gondii is a class 2 pathogen, and the National 
Institutes of Health guidelines for work with class 2 patho-
gens (15) should be followed. Nonimmune pregnant women and 
immunosuppressed individuals should not work with this organ-
ism. Safety precautions for other healthy individuals include 
avoidance of skin puncture with needles contaminated with the 
trophozoite form of the parasite and avoidance of contact of 
trophozoites with breaks in skin or conjunctival or mucosal 
surfaces. Serum from each individual who works with this or-
ganism should be tested for antibody to Toxoplasma prior to 
working with T. gondii. Individuals who are accidentally in-
oculated with T. gondii and who do not have antibody are gen-
erally treated with a combination of pyrimethamine and sulfa-
diazine (or trisulfapyrimidines) (16). 

II. Propagation of Toxoplasma gondii and In Vitro Challenge 

A. Introduction 

The RH strain of Toxoplasma (obtainable from many investi-
gators) is maintained for in vitro experiments by serial intra-
peritoneal passage in mice or in tissue culture because 
T. gondii remains viable and replicates only within cells. 
Prior to in vitro experiments, tachyzoites of Toxoplasma are 
filtered (17) or centrifuged (2) free of cells. Cultures of 
mononuclear phagocytes are then challenged with these tachy-
zoites. 

B. Reagents 

Almost any mammalian cell line, as well as chick embryo 
fibroblasts and many types of media, may be used for propaga-
tion and in vitro challenge. Representative methods that are 
currently utilized (1 - 12, 14, 18, 19) are described below. 

I. For Passage in Mice 

Sterile normal saline. 
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2. For Passage in Tissue Culture 

Eagle's minimal essential medium containing Earle's salts 
(MEM) (Grand Island Biological [GIBCO], Grand Island, New York); 
fetal calf serum, without Toxoplasma antibody as measured by 
the Sabin-Feldman dye test, heat-inactivated for 30 min at 56°C 
(FCS) (GIBCO); aqueous penicillin G (Pen); streptomycin (Strep); 
amphotericin B (utilized by laboratories in which contamination 
of tissue cultures with fungi is a problem). 

3. For in Vitro Challenge 

Hanks1 balanced salt solution (HBSS) (GIBCO); heparin 
(Organon, West Orange, New Jersey); Medium 199 with Hanks' 
salts (M199); FCS; Pen; Strep; glutamine (GIBCO); aqua regia 
(3 parts concentrated HC1 to 1 part concentrated HNO3)· 

C. Procedures 

In For Passage in Mice 

Swiss Webster female mice weighing 18 - 20 gm are used. 
It is not necessary to perform sérologie testing for antibody 
to Toxoplasma in laboratory mice in the United States since 
they have not been found to be infected with this organism. 
A mouse in which T. gondii has been passaged 3 days earlier is 
sacrificed by inhalation of CO2. The external abdominal wall 
is cleaned with 70% ethanol and incised, and the peritoneum is 
exposed. One and one-half milliliters of sterile saline are 
injected into the peritoneal space with a 22-gauge needle. The 
mouse is gently shaken from side to side to move the saline 
within the peritoneal space. Approximately 1.5 ml of the as-
citic fluid-saline solution are aspirated with a 5-ml syringe 
and 22-gauge needle, and the solution is mixed using the needle 
and syringe to inject and aspirate the suspension into a 5-ml 
container. The Toxoplasma in the suspension are enumerated 
using a Nebauer hemocytometer under 40X objective of a light 
microscope. For passage, 0.2 ml of a suspension containing 
2 x 10' organisms/ml is injected intraperitoneally into each 
mouse. To keep the organism constantly available for use in 
the laboratory, this is performed daily; donor mice are in-
fected 3 days earlier. Passage of Toxoplasma for use in ex-
periments is as described above except that 0.2 ml of a suspen-
sion containing 2 x 108 organisms/ml is injected intraperi-
toneally into each mouse. On the second day after inoculation, 
this yields from each mouse approximately 2 x 10^ trophozoites 
after filtration with a Corning filter or approximately 2 x 108 

trophozoites after filtration with a Millipore filter (see be-
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low). These trophozoites are used for in vitro challenge. 

2. For Passage in Tissue Culture 

Human diploid foreskin fibroblasts are grown in MEM con-
taining 10% FCS, 100 U/ml Pen, 100 yg/ml Strep, and 0.25 yg/ml 
amphotericin B. The cultures are incubated in 5% CO2 in plastic 
or glass tissue culture flasks. Medium overlying the adherent 
cells is decanted and is replaced twice weekly, and the cultures 
are split 1 to 3 when confluent. For passage to maintain the 
organism, confluent monolayers are infected with approximately 
one Γ. gondii trophozoite of the RH strain per 100 fibroblasts 
(a 25-cm2 flask contains approximately 2 x 10^ fibroblasts) and 
maintained in MEM containing Pen, Strep, amphotericin B, and 3% 
FCS. After 48 hr, parasites newly released by spontaneous lysis 
are collected by decanting the media. For passage for an ex-
periment, confluent cultures are infected with approximately two 
Toxoplasma per fibroblast, and supernatants for the experiment 
may be collected later. Nearly all the infected and uninfected 
cells remain attached to the plastic culture vessels. 

3. For in Vitro Challenge 

When Toxoplasma passaged in mice are used for experimental 
studies, mice inoculated 48 hr earlier are sacrificed, the ex-
ternal abdominal wall is cleaned with 70% ethanol and incised, 
the peritoneum is exposed, and the peritoneal cavity is filled 
with about 5 ml of heparinized HBSS (10 U/ml heparin). Mice 
are gently shaken and fluid is withdrawn into a 12-ml syringe 
through a 22-gauge needle. Fluid from each mouse is collected 
separately, and samples containing visible blood are discarded. 
All collected fluid is poured into a 50-cc luer-lock syringe 
and forced through a 27-gauge needle to disrupt cells containing 
T. gondii. The stream of fluid is directed against the side of 
a siliconized 40-ml pyrex conical centrifuge tube to avoid 
bubble formation. These Toxoplasma may be separated from cells 
by filtering through a sintered glass filter (17) or by passing 
through a Millipore filter (polycarbonate membrane filter, 3 ym 
pore diameter; Nucleopore, Pleasanton, California) or by centri-
fugation at 50 g for 5 min at 22°C followed by centrifugation of 
the supernatant at 50 g for 10 min to collect Toxoplasma (2). 
Prior to passage through the sintered glass filter, the prepa-
ration is filtered through a Pyrex funnel that is 60 mm in dia-
meter and is lined with glass wool (Corning, Corning, New York). 
To adjust the pH of the glass wool, HBSS is passed through the 
glass wool until the effluent HBSS is orange-red (phenol indi-
cator in HBSS is orange-red when the pH is approximately 7). 
To adjust the pH of the sintered glass filter [90 mm in dia-
meter, 600 ml, medium coarse porosity, 15 - 25 ym; Corning 
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(11)], approximately 200 ml of HBSS are passed through the 
filter into a 500-ml Pyrex flask with side arm attached to 
suction until the effluent HBSS is orange-red. The effluent 
HBSS is discarded, and the Toxoplasma preparation is then 
passed through the sintered glass filter into the flask with 
side arm attached to suction. An additional 250 ml of HBSS 
are poured through the sintered glass filter. The filtered 
Toxoplasma are then distributed to 250-ml centrifuge bottles 
(Nalgene, Rochester, New York) and centrifuged at 600 g for 
15 min at 4°C. The supernatant is discarded, the Toxoplasma 
are resuspended in 10 ml of M199 containing Pen, Strep, and 
10% FCS, and an aliquot is counted using 0.025% trypan blue in 
normal saline. 

When 1 x 10 mouse peritoneal macrophages or human mono-
nuclear phagocytes are challenged with 2 x 10^ Toxoplasma, 
usually 20% to 60% of the mononuclear phagocytes are infected 
30 min after the challenge is removed. One-half milliliter 
of Toxoplasma suspension is added to each culture chamber, and 
the Toxoplasma challenge is incubated with cell cultures in 5% 
CO2 for 1 hr at 37°C. Extracellular Toxoplasma are then re-
moved by washing five times with 37°C HBSS, and cultures are 
reincubated with M199 containing 100 U/ml Pen, 100 yg/ml Strep, 
2 mAf fresh glutamine, and 10% FCS (mouse macrophages) or 40% 
autologous or AB human serum (human mononuclear phagocytes). 
After use, the sintered glass filter is rinsed with deionized 
water and 500 ml of aqua regia are poured through the filter 
to clean it. It usually takes about 12 hr for the aqua regia 
to pass through the filter. The filter is then backwashed with 
approximately 24 liters of deionized water that has been dis-
tilled twice in glass containers. Suspensions of Toxoplasma 
are maintained on ice throughout these procedures, except when 
poured through the sintered glass filter and immediately prior 
to challenge of mononuclear phagocytes. All glassware should 
be sterile and suitable for use in tissue culture. Passage 
and preparation of Toxoplasma are performed using sterile tech-
nique. Because Toxoplasma do not survive extracellularly for 
a prolonged time, it is critical that no more than 1 hr elapse 
between the time that Toxoplasma are obtained from the peri-
toneal fluid of mice and the time that monolayers are challenged. 
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III. QUANTITATION OF DESTRUCTION OF TOXOPLASMA USING LIGHT OR 
PHASE MICROSCOPY 

A. Introduction 

Toxoplasma gondii multiply and synthesize nucleic acid 
within phagocytic vacuoles of peritoneal macrophages from non-
immune mice, hamsters, and guinea pigs, and alveolar macrophages 
from nonimmune mice and guinea pigs. Human peripheral blood 
monocytes have the capacity to destroy the majority of T. gondii 
that invade or are phagocytized by them. Toxoplasma gondii that 
survive in human monocytes multiply and synthesize nucleic acid. 
Multiplication or destruction of T. gondii within mononuclear 
phagocytes may be observed by light microscopy in preparations 
fixed with aminoacridine (used to better visualize phagocytic 
vacuoles) and stained with Giemsa (1, 4, 6 - 8) or by phase mi-
croscopy in preparations fixed with glutaraldehyde (11, 12, 18). 
Nucleic acid synthesis by intracellular Toxoplasma may be ob-
served by autoradiography and light microscopy in preparations 
incubated with radiolabeled nucleic acid precursors (10, 11). 

B, Reagents 

1 . For All Methods of Evaluation 

M199; FCS; autologous human serum; mononuclear phagocytes; 
37°C HBSS; ethidium bromide (Calbiochem-Behring, La J o l l a , 
C a l i f o r n i a ) ; a c r i d i n e orange (Calbiochem-Behring). 

2. For Light Microscopy (with and without Autoradiography) 

Aminoacridine f i x a t i v e (0.4% aminoacridine hydrochlor ide 
[Sigma Chemical, S t . Louis , Missouri] in 50% e t h a n o l , f ixed for 
a t l e a s t 1 hr a t 4°C before washing and s t a i n i n g ) ; Giemsa s t a i n 
(o r ig ina l azure blend 7.415 g m / l i t e r i n methyl a l coho l ; Har leco , 
Gibbstown, New J e r s e y ) . 

3 . For Auto radiography 

Uridine (Calbiochem-Behring); [ % ] u r i d i n e (28 Ci/mmol; New 
England Nuclear , Boston, Massachuse t t s ) ; [5 ,6 - H]urac i l (48 
Ci/mmol; Amersham S e a r l e , Arl ington He igh t s , I l l i n o i s ) ; anhy-
drous calcium s u l f a t e ( D r i e r i t e , Xenia, Ohio) ; NTB2 emulsion 
(Kodak, Rochester , New York); black s l i d e box ( S c i e n t i f i c 
Products , Sunnyvale, C a l i f o r n i a ) ; D19 developer (Kodak); 1% 
g l a c i a l a c e t i c ac id (acid r i n s e i s 2 ml of g l a c i a l a c e t i c a c i d , 
brought t o 200 ml with deionized w a t e r ) ; f i xe r (16.88 ml of 
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fixer [Edwall Quick Fix; Edwall Scientific Products, Chicago, 
Illinois] plus 2.55 ml of hardener, brought to 200 ml with de-
ionized water); citric acid (0.1 M solution, i.e., 21.014 gm 
of citric acid per liter of distilled water); dibasic sodium 
phosphate (0.2 M solution, i.e., 28.4 gm of Na2HPC>4 per liter 
of distilled water; use sterile distilled water, but sterile 
glassware is not necessary); buffer, pH 5.75 [prepared from 
the two preceding solutions (85 ml of 0.1 M citric acid solu-
tion and 150 ml of 0.2 M dibasic sodium phosphate solution) 
and 765 ml of distilled water; the concentrated solution can 
be refrigerated and distilled water can be added just before 
use but, before using, the pH should be checked to be certain 
it is 5.75 ± 0.5]; methanol. 

4. For Phase Microscopy 

Glutaraldehyde (2.5% in sodium cacodylate buffer, pH 7.4) 
(18) . 

C. Procedures 

1, For All Methods of Evaluation 

Cultures of mononuclear phagocytes are prepared in chambers 
of Labtek slides (4 chamber; Labtek Products, Naperville, Illi-
nois) or on 15-mm glass coverslips (Bellco Glass, Vineland, New 
Jersey) and placed in wells of 24-well culture trays (FB-16-24-
7C; Linbro Chemical, Los Angeles, California). The coverslips 
are first cleaned by soaking in 1 M of KOH overnight, rinsing 
thoroughly with deionized water, and then rinsing in boiling 
twice-distilled deionized water. They are then sterilized by 
dry heat. Medium containing 40% human serum (employed to cul-
ture human mononuclear phagocytes) may dissolve adhesive mate-
rial on Labtek slides and, therefore, coverslips are used for 
these cultures. Cultures are maintained at 37°C in an atmos-
phere containing 5% C02· The time at which the challenge is 
removed is defined as zero time. 

2. For Light Microscopy (without Autoradiography) 

One-half hour after the challenge is removed and at later 
times, usually at 12 hr and at 18 to 24 hr, medium containing 
serum is washed from the slides with HBSS, the slides are fixed 
in aminoacridine for 1 hr and stained with Giemsa stain (1 part 
Giemsa stain, 7.415 gm/liter, to 9 parts water), and then cover-
slips are permounted on these preparations. If cells have been 
cultured on round coverslips in Linbro trays, the coverslips 
are removed from the Linbro trays, mounted with permount face-up 



716 METHODS FOR STUDYING MONONUCLEAR PHAGOCYTES 

on slides, and stained, and then an additional coverslip is 
permounted on top of this stained preparation. 

3. For Light Microscopy (with Autoradiography) 

If [3H]uridine is used as the radioactive precursor, cell 
cultures are incubated for 3 hr with cold uridine (0.01 M) 
prior to Toxoplasma challenge. Either [%]uridine (5 yCi per 
culture chamber) or uracil (10 yCi per culture chamber) is 
added for 1 hr prior to fixation of slides. Extracellular 
radiolabe1 is washed from slides by rinsing them thoroughly 
with HBSS. Slides are fixed in aminoacridine as described 
above. Emulsion is applied in a darkroom, and slides are 
placed within a lead shield for 1 week at 15°C. Slides are 
developed in a darkroom by placing them in developer for 2 min, 
acid rinse for 2 sec, and fixer for 2 min, and then rinsing 
them in cool running tap water for 6 to 8 min. The slides are 
then Giemsa stained as follows (20): The slides are dehydrated 
and hydrated by placing radioautographs in each of the following 
solutions for 6 min: 50% methanol plus 50% pH 5.75 buffer (for 
staining boat, use 90 ml of methanol and 90 ml of pH 5.75 buf-
fer) ; then 95% methanol plus 5% pH 5.75 buffer (use 171 ml of 
methanol and 9 ml of pH 5.75 buffer); then pH 5.75 buffer. 
The slides are dried. Stain is prepared with 18 ml of Giemsa 
stain and 5.4 ml of methanol, brought to 200 ml with pH 5.75 
buffer. Slides are stained for 15 min, rinsed in pH 5.75 buf-
fer for 1 min, and dried, and coverslips are mounted with per-
mount. 

4. For Phase Microscopy 

Culture and challenge of cells are the same as described 
above with the exception that cells are cultured for 24 hr 
before infection with Toxoplasma to allow for adequate spread-
ing. The glutaraldenyde-fixed specimens are examined by micro-
scopy with a 63X planapo phase oil emersion objective or 100X 
phase oil emersion objective. 

D. Calculation of Data 

1. For Light Microscopy (without Autoradiography) 

Percentage infected cells, mean number of Toxoplasma per 
vacuole, and cells per field are counted using a 40X objective. 
To determine percentage infected cells and mean number of Toxo-
plasma per vacuole, at least 500 to 1000 total cells should be 
counted if infection rates are <20%, and at least 200 cells 
should be counted if infection rates are >20%. Ten fields ob-
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served with 40X objective are counted to determine cells per 
high-power field. All areas of the slide should be inspected 
to determine that the 200 to 1000 cells in ten fields counted 
are representative of the entire experiment. Equivalence of 
cell numbers in different cultures may also be assessed by 
quantitating amount of DNA or cell nuclei21 in the cultures. 

2. For Light Microscopy (with Autoradiography) 

Slides are evaluated in the same manner as described above. 
In addition, in slides in which uridine is used as the radio-
labeled precursor, the number of grains overlying Toxoplasma 
are also counted. Toxoplasma with five or more overlying 
grains are considered viable. In experiments in which radio-
labeled uracil is utilized as the precursor, the Toxoplasma 
take up this substance so avidly that evaluating mean number 
of Toxoplasma per vacuole is not possible since organisms are 
obscured by radiolabel (Fig. 1). 

3. For Phase Microscopy 

The percentage infected cells and mean number of Toxoplasma 
per vacuole are quantitated as described above. 

Fig. 1. Light microscopy (with autoradiography) showing 
Toxoplasma in a culture labeled with 10 \iCi/ml [5,6-3H]uracil. 
Arrow indicates grains over the organisms. 
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E. Critical Comments 

These methods are reproducible and sensitive for assess-
ment of microbicidal capacity of mononuclear phagocytes. Peri-
toneal mononuclear phagocytes from mice, hamsters, and guinea 
pigs that do not have infection with T. gondii permit multipli-
cation of this organism. For example, there are approximately 
8 to 16 Toxoplasma per vacuole by 24 hr and lysis or detachment 
of cells soon afterwards, there is uptake of radiolabeled 
nucleic acid precursors by intracellular organisms, and there 
is <50% reduction in percentage infected macrophages between 
30 min and 18 to 24 hr after challenge. If microbicidal capa-
city is enhanced, multiplication and nucleic acid synthesis by 
intracellular T. gondii are impaired and the percentage in-
fected macrophages at 18 to 24 hr after challenge is reduced 
substantially when compared to the percentage infected macro-
phages noted at 30 min. In almost all instances, >80% of human 
monocytes and >50% of monocyte-derived macrophages from in-
dividuals with and without antibody to Toxoplasma destroy the 
organism in the first 6 hr after challenge. Toxoplasma that 
remain within human monocytes and macrophages after 6 hr multi-
ply; at 18 to 24 hr, there are from 2 to 8 Toxoplasma per 
vacuole and synthesis of nucleic acid by these organisms is re-
flected in their uptake of radiolabeled nucleic acid precursor. 
If reduction in percentage infected monocytes is being assessed, 
viability of the challenge inoculum of Toxoplasma must be 
demonstrated by simultaneous challenge of cells without micro-
bicidal ability (e.g., normal mouse peritoneal macrophages). 
Viability of Toxoplasma has also been confirmed by acridine 
orange staining (2, 22). Acridine orange (Allied Chemical, 
Morristown, New Jersey) in a final concentration of 5 yg/ml is 
incubated with the parasites for 10 min at 37°C. Viable Toxo-
plasma show bright orange-red punctate lysosomal fluorescence 
against a homogeneous dark green cytoplasm when examined by 
fluorescence microscopy with a photomicroscope (exciter filter 
BG 12, barrier filter 53). Observer bias is a potential dif-
ficulty in using these methods. 

IV. QUANTITATION OF NUCLEIC ACID SYNTHESIS BY INTRACELLULAR 
Γ. gondii 

A. Introduction 

This method involves measurement of incorporation of 
[3H]uracil into nucleic acids of the obligate intracellular 
parasite T. gondii. The method is based on an observation by 



IX. DESTRUCTION BY MONONUCLEAR PHAGOCYTES 719 

Pfefferkorn and Pfefferkorn (19) that [3H]uracil is incorporated 
in substantially greater amounts by T. gondii than by certain 
mammalian cell types. Differential uptake of [3H]uracil by 
Toxoplasma in infected and uninfected cultures allows for evalu-
ation of the ability of macrophages or monocytes to inhibit or 
kill this organism. This method has been employed with mouse 
peritoneal macrophages and human monocytes and monocyte-derived 
macrophages (1, 5). 

JB. Reagents 

[5,6- H]Uracil (specific activity 48 Ci/mmol; Amersham 
Searle); sodium dodecyl sulfate; uracil (Sigma); 0.3 N tri-
chloroacetic acid; ethanol; omniflor (New England Nuclear); 
toluene (4 liters of toluene should contain 16.7 gm of omni-
flor) . 

C. Procedures 

Culture of mononuclear phagocytes and preparation of lym-
phocyte supernatants are as previously described (5, 10), and 
Toxoplasma challenge is as described above. Mononuclear pha-
gocytes are cultured directly on the plastic surfaces of wells 
in the Linbro trays. Radiolabeling and extraction procedures 
are performed at the desired intervals following infection with 
Toxoplasma (for growth curves, optimal times are every 6 hr for 
24 hr). Monolayers of infected and uninfected cells are pulsed 
with 10 yCi of [3H]uracil. Incorporation of [%] uracil into 
acid precipitable material is measured by a filtration pro-
cedure: Monolayers are dissolved in 1% sodium dodecyl sulfate 
containing 100 yg/ml of uracil employed as a carrier, adjusted 
to a final concentration of 0.3 N trichloroacetic acid, and 
are stored for at least 1 hr at 4°C. The resulting precipitates 
are kept on ice and are collected on glass filters (type a e, 
24 mm; Gelman Instrument, Ann Arbor, Michigan). The material 
retained by the filters is washed with cold 0.3 N trichloro-
acetic acid, rinsed with 95% ethanol, dried for 1 hr in an oven 
at 60°C, placed in scintillation vials containing toluene and 
omniflor (5 ml/vial), and counted in a scintillation counter. 

D. Calculation of Data 

These studies are usually performed with at least three sets 
of infected and uninfected cultures. Data are expressed as 
counts per minute (cpm) or difference in cpm between infected 
and uninfected cultures (Acpm). Statistical evaluation of the 
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differences between test and control results is by the Student's 
t test, other than for comparison of Acpm of groups. For com-
parison of Acpm of test and control groups, the size of the dif-
ference, corrected for background, is determined using the nor-
mal significance test. 

E. Critical Cowments 

This method obviates the potential observer bias in the 
visual methods described above and is a simple and rapid tech-
nique. The visual methods and this method permit assessment 
of monocyte or macrophage function without need for antibiotics 
in the media and without concern about multiplication of extra-
cellular organisms (as in systems that assess effect of phago-
cytic cells on bacteria). It is critical, however, that mono-
layers being studied are of comparable density. Cultures of 
uninfected mouse peritoneal macrophages and human peripheral 
blood mononuclear phagocytes incorporate approximately 200 to 
500 cpm pH]uracil. Cultures of mouse peritoneal and human 
peripheral blood mononuclear phagocytes infected with Toxoplas-
ma incorporate approximately 5000 to 30,000 cpm [3H]uracil. 

V. QUANTITATIVE PLAQUING OF TOXOPLASMA IN CULTURES OF FIBRO-
BLASTS 

A. Introduction 

Plaque techniques that employ agar overlay (13) and liquid 
overlay (14) have been used to determine quantitatively the 
number of Toxoplasma in a suspension capable of infecting fi-
broblasts. Although reports of this method have not specifical-
ly described its usefulness for assessment of the microbicidal 
capacity of mononuclear phagocytes, it is reasonable to assume 
that it could be used to determine the number of T. gondii in 
supernatants of cultures of mononuclear phagocytes. The pro-
cedure using liquid overlay is simpler than and as reliable as 
the method using an agar overlay (14) and, therefore, it will 
be described here. 

B. Reagents 

Eagle's MEM; FCS; Pen; Strep; amphotericin B. 
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C. Procedures 

Human diploid fibroblast cells are grown to confluency in 
25 cm^ plastic tissue culture flasks in MEM containing Pen, 
Strep, amphotericin B, and 10% FCS (14, 19). Medium is dis-
carded and replaced with fresh medium containing Pen, Strep, 
amphotericin B, and 3% FCS. Extracellular T. gondii, which 
could be obtained from supernatants of cultures of mononuclear 
phagocytes, are diluted in Eagle's MEM containing Hanks1 salts, 
antibiotics, and 3% FCS. Dilutions of supernatant containing 
toxoplasma in volumes varying from 25 to 500 yl are added to 
flasks of confluent fibroblasts, and the flasks are then incu-
bated for 4 days at 37°C. The infectious parasites produce ir-
regularly shaped plaques that are 1 to 2 mm in diameter. Under 
these conditions, microscopically visible secondary plaques are 
not observed unless the culture is disturbed early in the incu-
bation period. The plaques are counted, without aid of stain-
ing, using oblique illumination on a dark background (14, 19). 

D. Calculation of Data 

The data are recorded as plaque-forming units (PFU). PFU 
of supernatants of cultures of mouse peritoneal and human peri-
pheral blood mononuclear phagocytes could be obtained at 6-hr 
intervals after challenge to detect viable Toxoplasma released 
from the mononuclear phagocytic cells. 

Em Critical Comments 

This method is reproducible (14) and could be used to meas-
ure the number of Toxoplasma released from mononuclear phago-
cytes but would also reflect the ability of the organisms to 
infect and replicate within fibroblasts. 
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