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_ Summary

The in vitro activities of three macrolides (erythromycin, azithromycin and roxithromycin) and etwo
aminoglycosides (gentamicin and streptomycin) against tachyzoites of Toxoplasma gondii were evaluated by using
a microscopic counting method. The virulent RH strain of 7. gondii was used to infect confluent monolayers
of Vero cells grown in 96-well tissue culture microplates. Various concentrations of erythromycin, azithromycin,
gentamicin and streptomycin (0, 10, 20, 30 and 40pg/ml) and roxithromycin (0, 10, 20, 30, 40, 50 and
60ug/ml) were then added to the monolayers. After incubation, free tachyzoites in the culture suspension were
counted by using 0.4% trypan blue and IC | and IC,, of each drug were then determined. The IC,s were
calculated at 9.5, 19, 21.5, 26.8 and 30pg/ml for erythromycin, azithromycin, roxithromycin, streptomycin
and gentamicin respectively; whereas the IC,s were calculated at 32.7ug/ml for azithromycin; 37.7ug/ml for
erythromycin; 57.3lig/ml for roxithromycin and above 40pg/ml for strepromycin and gentamicin. Erythromycin
and azithromycin were found to be effective in inhibiting the growth of 7. gondii tachyzoites, roxithromycin
only had moderate activity; whereas streptomycin and gentamicin were found to be ineffective against 7 gondii
infection.
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Introduction hydrocephalus, microcephalus, deafness, blindness or
foetal death*.

Toxoplasma gondii is an ubiquitous obligate intracellular

protozoan parasite’. It is estimated that up to 30% to
60% of the American adult population have been
infected; while as many as 90% of adults in European
countries are seropositive for 7. gondi?. Epidemiological
surveys in Malaysia indicated that Zoxoplasma antibody
is common among all ethnic groups of all ages, with
the highest prevalence rate found in Malays (33%);
followed by Indians (29%) and Chinese (18%)®. The
age group of 15-26 years old was found to have the
highest rate of antibody production, thus sero-negative
pregnant women in Malaysia may be at risk of
contracting 7 gondii infection. Foetuses infected with
1. gondii often develop serious sequelae such as
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Even though the current therapy for toxoplasmosis is
effective, there are many side effects®. Therefore there
have been active research into newer drugs with fewer
or no side effects, such as azithromycin and

roxithromycin®>6789,

The aim of this study was to evaluate the in wvitro
activities of three macrolides (erythromycin,
azithromycin and roxithromycin) and two
aminoglycosides (streptomycin and gentamicin) against
1. gondii. The drugs tested were selected on the basis
of suggested efficacy against 1. gondii or other
microorganisms. The macrolides azithromycin and
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roxithromycin were studied because of their known iz
vitro as well as in vivo activities against 7. gondif>"?.
Erythromycin is the parent compound of both
azithromycin and roxithromycin, therefore a similar
effect was expected. Streptomycin and gentamicin
were chosen for the study because streptomycin is one
of the drugs used for the treatment of intracellular
bacteria, Mycobacterium tuberculosis’', whereas
gentamicin with its broad spectrum activity against
both gram positive and gram negative bacteria has been
used in serious infections caused by gram negative
bacteria non-susceptible to other drugs'.

Materials and Methods
T. gondii strain

The virulent RH strain of 7. gondii was maintained by
intraperitoneal inoculation of six week old inbred Balb/c
mice. Tachyzoites were harvested from mice asceptically
(after 3 days of infection) by lavage of the peritoneal
cavity with 5 ml phosphate buffered saline (PBS), pH
7.2. The lavage fluid was centrifuged at 500 rpm for 5
mins to pellet the host cells and other debris. The
supernatant was collected and the number of tachyzoites
was counted on a haemocytometer; the viability of
tachyzoites was then evaluated by using 0.4% trypan
blue (Gibco) exclusion test. The viability of tachyzoites
must be above 95% before they could be used for
subsequent drug testing. The tachyzoites suspension was
diluted to the desired concentration with RPMI-1640
(Flow Laboratories), pH 7.2 with 10% heat inactivated
foetal calf serum and 0.06 g/l (RPMI-FCS) gentamicin
sulphate (Gibco).

Cell culture

Vero cells (African green monkey kidney: strain ATCC
CCL81) were maintained in 25 cm? tissue culture
flasks (Costar) in RPMI-FCS at 37°C, 95% air and
5% CO, atmosphere. Each well of a 96-well tissue
culture microplate was seeded with 100ul of 2 x 10°
cells/ml and allowed to grow to confluence (72h)
before being challenged with 7. gondii tachyzoites and
drug susceptibility testing.

Drugs

Five drugs were tested, namely azithromycin (powder
form); erythromycin (powder form); roxithromycin
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(powder form); gentamicin (injectable form) and
streptomycin (powder form). Azithromycin — a fifteen-
membered macrolide and a derivative of erythromycin
(mw 749), was supplied by Pfizer Malaysia.
Roxithromycin — a fourteen-membered macrolide and
an ether oxime derivative of erythromycin (mw
837.04) was supplied by Hoechst-Malaysia
Pharmaceuticals. Erythromycin, a fourteen-membered
macrolides (mw 734); gentamicin, an aminoglycoside
(mw 1546) in the form of gentamicin sulphate; and
streptomycin, an aminoglycoside (mw 1457) in the
form of streptomycin sulphate, were purchased from

Sigma, USA.

Drug susceptibility testing

100ul of 1 x 10° tachyzoites/ml were added to the
confluent Vero cells in microtitre plates. Plates were
incubated for 4h at 37°C before the addition of the
drugs. Azithromycin, erythromycin and roxithromycin
were prepared in 95% ethanol at final concentrations
of 1mg/ml; whereas streptomycin was diluted in PBS,
pH 7.2. They were then diluted to the desired
concentrations by using RPMI-1640 (without
gentamicin) containing 10% FCS. The drug
concentrations used in the experiment were as follows:
Oug/ml, 10pg/ml, 20ug/ml, 30ug/ml and 40pg/ml; for
roxithromycin, additional concentrations of 50pg/ml
and 60ug/ml were also used.

25Ul of the various dilutions of each drug were added
to the monolayers infected with 7" gondii tachyzoites,
this was repeated four times for each dilution. The
microtitre plates were then incubated for a further 72h.
Free tachyzoites in the culture supernatant of each drug
concentration (five wells per concentration) were
pooled in a tube. The number of free tachyzoites in
the suspension was counted using 0.4% trypan blue.

Relative percentages of inhibition against each
concentration of the five drugs were calculated as
follows:-

100 x 1 number of free tachyzoites/well with antimicrobial agent
x1-

number of free tachyzoites/well without antimicrobial agent

Graphs of the relative percentages of inhibitions of
intracellular 7. gondii growth versus various
concentrations of drugs were plotted and the IC | and
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IC,, of each drug were determined. IC,| and IC, are
the concentrations required to produce 50% and 90%
reduction (respectively) of the number of tachyzoites
as compared with the control wells (without drugs).

Results

Relative inhibitory activities of various drugs against
T. gondii

Table I shows inhibitions of growth of 7. gondii by
the various drug concentrations. The number of free
tachyzoites per well decreased as the concentrations of
the drugs increased. Thus there was an increase in
relative percentages of inhibition of 7. gondii growth
with increasing drug concentrations. Dose-response
curves for each drug tested in the microassay are
shown in Figure 1. Dose-response curves established
for each drug were used to calculate the IC, and IC,.
The IC, s were 9.5ug/ml, 19ug/ml, 21.5ug/ml, 26.8ug/
ml and 30pg/ml for erythromycin, azithromycin,
roxithromycin, streptomycin and gentamicin
respectively. The values for IC ;s were 32.7ug/ml,
37.7ug/ml, 57.3ug/ml for azithromycin, erythromycin
and roxithromycin respectively. Streptomycin and
gentamicin had their IC, s above 40pg/ml. No further

100
%
80
5 70
H
£ e
b
H
g so
g
8
g 40
2
H —o— Erythromycin
g x —&— Azithromycin
& Roxithromycin
2 —4— Streptomycin
—%— Gentamicin
10
0
0 10 b 30 % 50 6
Concentration of drugs (ug/ml)
Fig. 1: Concentration of drugs and relative

percentage of inhibition by microscopic
method

dilutions were done for these two aminoglycosides
because at 40pg/ml, host cells showed toxicity towards
the drugs; the morphology of the Vero cells changed
from spindle shape to round.

Even though azithromycin had a higher IC,  than
erythromycin, its IC,, was lower. The range between

Tabie |
Concentration of various drugs, number of free tachyzoites per well and relative percentage of
inhibition by microscopic method

Erythromycin Azithromycin Roxithromycin Streptoinycin Gentamicin
Conc No. of  Relative  No. of  Relaive =~ No. of  Relaive = No. of  Relative =~ No. of  Relative
of free % of free % of free % of free % of free % of
drug tachy- inhibition  tachy- inhibition  tachy- inhibition  tachy- inhibition  tachy- inhibition
ug/ zoites/ zoites/ zoites/ zoites/ zoites/
ml) well well well well well
0 10.8 x 10° 0 3.1 x 108 0 40x10° 0 3.8x10° 0 1.4x10° 0
10 495 %108 54.2 2.7 x 10° 12.9 2.6x10° 24 2.9 x10° 237  1.3x10° 7.1
20 3.6x10° 66.7 14x10° 54.8 1.5x10° 47 2.1 x 108 447  T1x10 21.4
30 2.5x10° 76.9 0.4x10° 87.1 0.8x10° 76 1.8x 105 526  07x10° 50.0
40 05x10 954  0.05x10° 98.4 07xi0° 79 1.1x 105 711 06x10° 57.1
50 - - - - 07x10° 79 - - - -
60 - - - - 02x10° 94 - - - -
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IC,, and IC,; was very much lower for azithromycin
(13.7ug/ml) than erythromycin (28.2ug/ml),
azithromycin was thus considered to be a better drug
than erythromycin.

This microassay showed that erythromycin and
azithromycin caused inhibition towards growth of 77
gondii. Roxithromycin had moderate inhibitory activity;
while streptomycin and gentamicin exhibited limited
growth inhibition towards this parasite.

Discussion

Current therapy for toxoplasmosis is the combination
of pyrimethamine and sulfadiazine’. Although these
two drugs are active against 7. gondii tachyzoites and
act synergistically by blocking the metabolic pathway
involving folic-folinic acid and p-aminobenzoic acid
cycles respectively; the combination has many adverse
and even toxic effects. Bone marrow depression,
thrombocytopenia, leukopenia and anaemia are some
of the many adverse and or toxic effects®.

Spiramycin, a macrolide antibiotic, has proven efficacy
against Toxoplasma infection during pregnancy®!
without showing toxicity to the foetus. However, it
does not kill the parasite efficiently*”. Clindamycin,
a lincosamide antibiotic which concentrates in the
choroid had proved effective in the treatment of ocular
toxoplasmosis'®. High rates of relapse and toxicity
appeared to preclude the use of clindamycin in

maintenance therapy for toxoplasmosis.

The inhibitory effects of five drugs (erythromycin,
azithromycin, roxithromycin, gentamicin and
streptomycin) on 7. gondii tachyzoites were determined
by microsopically counting free tachyzoites in the
RPMI-1640 medium 72h after the addition of various
concentrations of drugs. Assays were performed five
times for each drug and drug concentrations and the
potency of each drug was determined by comparing

their IC,, and IC,,.

Erythromycin had the lowest IC, (9.5ug/ml), followed
by azithromycin (19ug/ml), roxithromycin (21.5pg/ml),
streptomycin (26.8Ug/ml) and gentamicin (30pg/ml).
For values of IC,, azithromycin had the lowest value
(32.7ug/ml), followed by erythromycin (37.7ug/ml)
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and roxithromycin (57.3pg/ml); streptomycin and
gentamicin had the IC, values above 40ug/ml.

Among the three macrolides, azithromycin accumulates
most readily inside 77 gondii infected cells thereby
interfering with the growth of the parasites'.
Roxithromycin exerts its action by disrupting the
parasite protein synthesis and is concentrated in human
polymorphonuclear leucocytes and macrophages”. The
more lysosomotropic activity of azithromycin compared
to the other two macrolides is essentially due to the
presence of two basic amine groups on the molecule.
Azithromycin was shown to be the most active
macrolide against T gondii in vitro by Chang er al’.
Chamberland e 2/ found the IC, of azithromycin
(8.61 ug/ml) to be lower than IC, of erythromycin
(14.38 pg/ml). This is in contrast to the results
obtained in this study whereby erythromycin showed
a lower IC, value than azithromycin. The incubation
conditions by Chamberland et 4/ were similar to that
used in this study but the culture medium and cell
lines were different namely Dulbecco’s Modified Eagle
medium (DMEM) (Gibco), pH 7.2 and BT cells
(ATCC CRL 1390) in 150 cm? culture flasks. Barry
et al"® also showed that the potency of azithromycin
and erythromycin against Haemophilus influenzae is
affected by the growth medium. Some studies indicated
that azithromycin’s entry into extracellular 7. gondii and
thus its potency is effected by pH, temperature and
concentration'®®. The drug concentrations in this
study differ from that employed by Chamberland ez
al, this could have also contributed to the different
results obtained in the two studies.

Addition of inactivated serum to the growth medium
has been shown to enhance the in witro potency of
erythromycin®; this might explained the low IC,  of
erythromycin. Even though erythromycin had a much
lower IC,; than azithromycin, its IC | was slightly higher
than azithromycin. Therefore, azithromycin may be
considered a better drug over erythromycin because it
takes a lower concentration of the drug to inhibit 90%
of T gondii growth. Azithromycin, a 15-membered
macrolide derived from erythromycin inhibits the
intracellular pathogen by preventing the fusion of
phagosomes and lysosomes and acidification of the
parasitophorous compartment®. Azithromycin may be
regarded as alternate drug for the lifelong treatment
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needed to prevent toxoplasma encephalitis in AIDS
patients®. It has been found to have antitoxoplasmic
activity in mice’ as well as in iz vitro models®.

Roxithromycin, a macrolide which accumulated more
readily than erythromycin in cultured J744 mouse
macrophages® failed to demonstrate to be a more
potent drug than erythromycin. The moderate activity
of roxithromycin in this microassay was similar to
that reported in previous in witro studies*. On the
contrary, this drug was shown to be effective in
treating mice with acute toxoplasmosis'” and murine
encephalitis®. The moderate activity of roxithromycin
in in vitro microassay against 1. gonmdii might be
partly due to the addition of heat inactivated serum
since this drug had been shown to bind strongly to
serum proteins®’. Such discrepancies between animal
models and 77 vitro assay cannot be easily explained,
but should not be used to discredit the utility of in
vitro assays in large-scale screening for active
compounds. Drugs that are active in vitro may very
well turn out to be active 7z vivo and would be more
likely to have a direct activity against the parasite.
For instance, pyrimethamine has a high level of
parasite-specific activity in many iz vitro assays and
is also known to exert its inhibitory activity by

inhibiting dihydrofolate reductase of T. gondis>.

Whatever their mode of activity, macrolides need to
penetrate the host cells to exert their effect on the
intracellular 7" gondii. Carlier et a/*® have shown that
all macrolides are not similar in this respect. In
macrophages of human and animal origin,
roxithromycin accumulated more consistently and
significantly than erythromycin; the former thus
reaching considerably higher intracellular-extracellular
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Conclusion

The evaluation of 7z vitro activity of the five drugs
showed erythromycin and azithromycin to be effective
in inhibiting the growth of 1. gondii tachyzoites.
Roxithromycin only had moderate activity, whereas
gentamicin and streptomycin were found to be
ineffective against T gondii tachyzoites.
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