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In Vivo Activity of the Macrolide
Antibiotics Azithromycin,
Roxithromycin and Spiramycin
against Toxoplasma gondii

FE.G. Araujo!, R.M. Shepard?,
J.S. Remington!3*

The macrolide antibiotics azithromyein, roxithro-
mycin and spiramycin were examined in parallel
for in vivo activity against Toxoplasma gondii.
Azithromycin was considerably more active in
Protecting mice against death due to acute toxo-
Plasmosis even when the other two antibiotics
Were used at twice its dose. The higher activity of
azithromycin prompted a further examination of
its activity against five different strains of Toxo-
Plasma gondii, including two isolated from
Patients with AIDS. Although variable degrees of
Protection against death were noted, treatment
with 200 mg/kg/day for ten days was sufficient to
promote survival of 100 % of mice infected with
inocula as high as 1 x 10° tachyzoites of Toxoplas-
ma gondii, 90 % of mice inoculated with 1 x 10
tachyzoites of strain MO, isolated from an AIDS
patient, and treated orally with 200 mg/kg/day for
ten days survived the infection whereas only 40 %
of mice infected with the same inoculum of the
SOU strain, also isolated from an AIDS patient,
survived. Tissue concentrations of azithromycin
Were examined in treated infected and non-in-
fected mice. In both groups of mice azithromycin
attained high concentrations in liver, spleen and
heart, which exceeded concurrent serum levels by
25- to 200-fold. The concentrations in the brain
were almost tenfold higher than the concentra-
tions in serum after treatment with 200 mg/kg/day
for ten days. Moreover, the concentrations in
brains of infected mice were approximately two-
fold higher than in brains of non-infected mice.
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Toxoplasma gondii is amajor opportunistic patho-
gen in immunocompromised patients including
heart transplant recipients and individuals with
the acquired immunodeficiency syndrome
(AIDS) (1,2). Moreover, infection with Toxoplas-
ma gondii acquired during pregnancy poses a
great risk of infection of the fetus (3). Because of
the remarkable synergistic effect of pyrimeth-
amine and sulfadiazine against Toxoplasma gon-
dii (4), this drug combination is most commonly
used for treatment of toxoplasmosis (5). Both
drugs, however, are potentially toxic; pyrimeth-
amine may be teratogenic (3). Approximately
50 % of AIDS patients under treatment with the
pyrimethamine-sulfadiazine combination mani-
fest signs of toxicity sufficiently severe that the
combination is discontinued (6, 7). Relapse fol-
lowing treatment of acute encephalitis in AIDS
patients occurs in most patients when treatment is
discontinued. Therefore, the search for newer
therapeutic agents for treatment of toxoplas-
mosis, particularly for toxoplasmic encephalitisin
AIDS patients, is critical. Recently, the erythro-
mycin-derived macrolide antibiotics roxithro-
mycin {an ether oxime derivative), azithromycin
(an azalide with a methyl-substituted nitrogen in-
serted into the 9a position), and clarithromycin (a
6-O-methyl derivative) were demonstrated to
possess activity against Toxoplasma gondiiboth in
vitroaninvivo (8-11). Because differentstrains of
Toxoplasma gondii and different mouse models of
acute toxoplasmosis were used for the in vivo ex-
periments described in these reports, we con-
sidered it of interest to use identical experimental
conditions in the same murine model of acute
toxoplasmosis to compare the activity of azithro-
mycin and roxithromycin with that of spiramycin,
another macrolide antibiotic commonly used to
prevent congenital toxoplasmosis (3).

Materials and Methods. Outbreed Swiss-Webster
female mice (Simonsen Laboratories, USA),
weighing 20 grams at the beginning of each experi-
ment, were used for all experiments to determine
the activity of the various macrolide antibiotics
against Toxoplasma gondii. Inbred CBA/Ca mice
(Bantin and Kingman Laboratories, USA) were
used for experiments to determine serum and tis-
sue levels of azithromycin. These mice develop ex-
tensive parasitism and inflammation in their
brains as early as ten days after infection with
trophozoites of the ME49 strain of Toxoplasma
gondii (12). Thus, they represent a good model to
study the activity of drugs for treatment of
toxoplasmic encephalitis. Water and food pellets
were available at all times.
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Strains RH, isolated from a human (13), C56 from
a chicken (14), M7741 from a sheep (15), ME49
from a lamb (12), and MO and SOU isolated
recently in our laboratory from tissues of two
patients with AIDS and acute toxoplasmosis were
used. Strain RH is maintained in our laboratory by
intraperitoneal passage in mice every two or three
days and strains C56, M7741, ME49, MO and
SOU are maintained as cysts in brains of chroni-
cally infected mice. Trophozoites of the various
strains were obtained from the peritoneal cavity of
mice previously injected with an antiserum
against gamma-interferon and inoculated with
Toxoplasma gondii cysts as described (16). The
parasites were washed twice with 0.1 M phosphate
buffered saline (PBS) of pH 7.2, counted in a
hemocytometer, and the desired number for in-
traperitoneal (i.p.) inoculation into each mouse
was suspended in 0.2 ml of PBS.

Azithromycin (Pfizer, USA), roxithromycin
(Hoechst-Roussel Pharmaceuticals, USA) and
spiramycin (Rhone-Poulenc, USA) were dis-
solved in a small volume of 70 % ethanol, and the
appropriate concentrations were prepared in
polyethylene glycol 200 (PEG, J.T. Baker Chemi-
cal, USA). Treatment was by gavage, and was in-
itiated 24 hours after infection and continued for
ten days. Mice dying during treatment were ex-
amined for Toxoplasma gondii trophozoites in
their peritoneal fluid. Survivors were examined
for antibodies to the organism using the Sabin-
Feldman dye test (17) and for the presence of
Toxoplasma gondii cysts in their brains (9). Con-
trol mice received PEG only. The chi-square test
and the group t-test were used for statistical
analysis of the data (18).

Serum samples and portions of liver, spleen, heart
and brain of CBA/Ca mice which were not in-
fected or infected with parasites of the ME49
strain of Toxoplasmua gondii were used to deter-
mine levels of azithromycin in tissues. The

samples were collected and immediately frozen at
-80 °C. Analysis was conducted at Pfizer Central
Research (Groton, USA) using a high-perfor-
mance liquid chromatography assay with
electrochemical detection (19). The dynamic
range of this assay was 0.01-2.0 pg/mlin serum and
0.1-10,000 pg/g in tissues.

Results and Discussion. Mice infected with 2.5 x
103 trophozoites of the RH strain and treated for
ten days with 200 mg/kg/day of roxithromycin or
spiramycin had 100 % and 80 % mortality on day
7 and 8, respectively (Table 1). At this time, none
of the mice treated with 200 mg/kg/day of azithro-
mycin also for ten days had died (p = 0.0001). All
of the mice treated with azithromycin survived
longer than 30 days, whereas none of those treated
with roxithromycin or spiramycin survived longer
than eight days. When dosages of azithromycin,
roxithromycin and spiramycin reported to be ef-
fective against Toxoplasma gondii (9,20,21) were
used in parallel to treat for ten days mice infected
i.p. with 2.5 x 103 RH trophozoites, 100 % of the
controls were dead at a time when none of the
mice treated with 200 mg/kg/day of azithromycin
had died (p < 0.0001), 10 % treated with 500 mg/
kg/day of roxithromycin had died (p < 0.003), and
30 % treated with 400 mg/kg/day of spiramycin
had died (p < 0.004). Whereas all animals treated
with azithromycin were alive at day 15 of infection
(five days after discontinuation of treatment),
100 % of those treated with spiramycin and 30 %
of those treated with roxithromycin were dead.
Each of the azithromycin-treated mice was still
alive 35 days after infection, at which time the ex-
periment was terminated (Table 2). All surviving
mice developed antibodies to Toxoplasma gondii.
Toxoplasma gondii cysts were not demonstrable
in the brains of surviving mice either by light
microscopy or by subinoculation. In addition, to
determine whether surviving mice had residualin-
fection in other organs, spleens and livers of two

Table 1: In vivo activity of cqual doses of azithromycin, roxithromycin and spiramycin in ¢xperimental

murine toxoplasmosis.

Percent mortality on stated day after infection®

Treatment®

4 5 6 7 8 30
Controls 0 0 30 100
Azithromycin 0 0 0 4] 0 0
Roxithromyein 10 10 20 100
Spiramycin 10 20 40 80 100

4 Each mouse received 200 mg/kp/day of one of the drugs administered orally.

There were 10 mice in each group.
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Table 2: In vivo activity of different doses of azithromyein, roxithromycin and spiramycin in experimen-
tal murine toxoplasmosis,

, Dose N . " . . S
Treatment (mg/kg/day)® Percent mortality on stated day afler infection
8 9 10 11 12 15 35
Controls 50 100
Azithromycin 200 0 0 0 0 0 0 0
Roxithromycin 500 0 10 10 20 30 30 30
Spiramycin 400 0 30 50 80 90 100

2Treatment by gavage started 24 hours after infection and continucd for 10 days.
There were 10 mice in each group.

Table 3: Percent mortality in mice infected with various inocula of different strains of Toxoplasma gondii
and treated with 200 mg/kg/day of azithromyecin for ten days.

Percent mortality on stated day after infection

Strain Inoculum Treated?®
7 9 15 20 30
M7741® 1x105 yes 0 0 0 0 U
no G 30 70 80 100
MO 1x 10° yes 10 10 10 10 10
il 20 40 160
1x104 yes 0 0 20 20 20
no 10 50 100
1x10° yes 0 0 0 0 0
no 0 0 0 20 80
SOU 1x105 yes 0 20 40 60 60
no 10 60 100
1x 104 yes 0 20 30 50 80
no Q 50 100
1x 103 yes 0 0 0 20 40
no 20 60 60 80 100
C56 1x10° yes 0 10 20 40 40
no 50 70 90 100
1x104 yes 0 0 20 30 50
no 10 40 60 100
1x10° yes 0 0 0 0 0
no 0 0 0 20 80
RH 1x10° yes 0 10 30 60 60
no 40 100
1x10* yes 0 0 0 0 0
no 80 100
1x10 yes 0 0 0 0 0
no 0 100

2Treatment by pavage started 24 hours after infection. There were 10 mice in each group.
All mice inoculated with lower inocula survived the infection.
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mice that survived after treatment with any of the
macrolides were subinoculated into five normal
mice 50 days after completion of the treatment.
Residual infection was not demonstrable in any of
the mice.

Because the results of the above experiments
revealed higher activity for azithromycin than for
the other two macrolides, further experiments
were conducted to determine its activity against
different inocula of five strains of Toxoplasma
gondii. The results revealed variable degrees of
protection against death caused by infection with
the different strains (Table 3). Thus, 100 % of
mice infected with 1 x 103 trophozoites of strain
M7741 and treated with 200 mg/kg/day for ten
days survived the infection, whereas only 40 %,
20 % and 60 % of mice infected with 1 x 103, 1 x
10% and 1 x 103 trophozoites, respectively, of the
SOU strain survived. The effect of azithromycin
on mortality of mice infected with the other strains
was intermediate between those observed with
strains M7741 and SOU. Surprisingly, 40 % of
mice infected with 1 x 10° and 100 % of mice in-
fected with 1 x 10* trophozoites of the highly
virulent RH strain survived the infection. All mice
that survived infection with any of the strains had
antibodies to Toxoplasma gondii. Toxoplasma
cysts were not demonstrated in brains of treated
mice but were seen in brains of surviving control
mice.

Serum and tissue levels of azithromycin were ex-
amined in two groups of mice, one uninfected and
the other infected i.p. with ten cysts of the ME49
strain. Mice in both groups were treated orally
with 200 mg of azithromycin/day for ten days.
Treatment was started ten days after infection in
infected mice to allow time for development of an
inflammatory response in their brains. In both
groups of mice, three animals were killed before
initiation of treatment and three after one, five
and ten days following initiation of treatment. An
additional three mice were killed five days after
treatment was discontinued. Serum and frag-
ments of liver, spleen, heart and brain of each
mouse were collected and examined individually
for concentrations of azithromycin. The results
are shown in Table 4. Azithromycin attained high
tissue concentrations in liver, spleen, and heart in
both groups of mice, exceeding concurrent serum
levels by 25- to 200-fold. Concentrations in brains
were 9-fold greater than those in serum after ten
doses of the drug. Azithromycin concentrationsin
liver, spleen, heart and serum of infected mice
were 3- to 5-fold higher than those in control unin-
fected mice (p < 0.04) following the first and fifth

doses. Brain concentrations were approximately
twofold higher in infected mice although this dif-
ference did not achieve statistical significance.

The above results demonstrated that azithro-
mycin is considerably more active than roxithro-
mycin and spiramycin in treatment of acute
murine toxoplasmosis. Each one of these macro-
lides has been shown to have in vitro and in vivo
activity against Toxoplasma gondii (10, 20, 21).
Our results demonstrated that the activity of
azithromycin in protecting mice against death due
to acute toxoplasmosis was considerably higher
than that of roxithromycin and spiramycin even
when these two latter macrolides were used at
twice the dose of azithromycin. Although it has
been demonstrated that spiramycin is not very ac-
tive against acute murine toxoplasmosis (22, 23),
this antibiotic has been widely used in Europe to
prevent congenital toxoplasmosis (23). We did not
ascertain whether the differences in activity of the
different macrolides were due to differences in
their pharmacokinetics or to actual differences in
their anti-toxoplasma activity. Their activity, in
addition to the activity of other macrolides, in
humans would necessarily require evaluation of
optimal route of administration and pharmaco-
kinetics.

Because of the remarkable diversity among dif-
ferent strains of Toxoplasma gondii (12, 24), ex-
amination of the activity of any drug against a
single strain may not allow prediction of its role in
treatment of toxoplasmosis. For this reason we
used a number of different strains of Toxoplasmu
gondii. The excellent in vivo activity of azithro-
mycin extended to five different strains of the
parasite, including two isolated from the patients
with AIDS.

The mechanism of action of macrolides antibiotics
against Toxoplasma gondii has not been defined
yet. It has been suggested that they may act by a
mechanism similar to the antibacterial action of
erythromycin which involves interference with
protein synthesis by binding to the 508 ribosomal
unitand thereby preventing elongation of the pep-
tide chain (10). Spiramycin has also been shown to
act in this manner (25). Other mechanisms of ac-
tion unrelated to ribosome-binding have also
been suggested. Thus, a stimulating effect of the
macrolide on the microbicidal activity of
phagocytes has been suggested to explain the ac-
tivity of macrolides against non-bacterial intracel-
lular parasites {10). In this context, Gladue et al.
(26) demonstrated that concentrations of azithro-
mycin within human and mouse polymorpho-
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'zrable 4: Concentrations of azithromycin in serum and tissues of control and Toxoplasmia gondii-infected mice administered
00 mg/kg/day of the drug for 10 days. Results are mean (standard deviation) for three mice.
.
Number Days Congentrations {ug/ml)
of after Group
doses  last dose Liver Spleen Heart Brain Serum
1 1 control 36 (22) 14 (58) 34 (1.4) 0.48 (0.14) 0.16 (0.064)
infected 107 (34)2 47 (64 11  (0.58)c  0.85 (0.57) 0.45 (0.035)
5 1 control 26 (18) 24 (11) 33 (27 1.3 (0.20) 0.14 (0.094)
infected 114 (46)° 79 (23)¢ 16 (4.0) 3.0 (1.2) 0.36 (0.072)
10 1 control 43 (35) 2 (15 50 (39) 1.0 (0.44) 0.15 (0.077)
infected 25 (4.6) 42 (13) 42 (0.85) 17 (0.51) 0.021 (0.005)
10 5 control 024 (0.064) 12 (0.48) 0.17 (0.065)  0.70 (0.20) 0.0 (0.0)
infected 33 (22) 46 (012) 024 (0.036) 1.5 (0.66) 0.021 (0.005)
e,

P = < 0.04; Pp = < 0.003; p = < 0.0008; Ip = < 0.02; ¢p = 0.01; p = < 0.001.

Duclear leukocytes, murine peritoneal macro-
Phages, and mouse and rat alveolar macrophages
Invitro reached levels of up to 226 times the exter-
hal levels. Thus, uptake and release of azithro-
mY_Cin by phagocytes may serve as a means of
delivering this macrolide to sites of active infec-
tion, Our results revealed that during daily oral
a‘ii{ninistration of azithromycin to either control
uninfected or infected mice, this antibiotic be-
Came extensively distributed into tissues, attain-
Mg concentrations much greater than in serum.
Although penetration of most antibiotics into the
brain is poor, our results revealed that azithro-
mycin penetration into the brain was substantial,
In addition, azithromycin concentrations during
the first five days of dosing were two- to five-fold
higher in the inflamed tissues of infected mice
than in tissues of control mice.

Although azithromycin had excellent activity
against all strains of Toxoplasma gondii used in
this study, it was of interest that there was a wide
strz.lin variation in the response to the antibiotic.
Chis observation may have important implica-
tions for therapy of toxoplasmosis, particularly in
Individuals with AIDS, since one of the strains
Showing least sensitivity was isolated from an
AIDS patient. Further work to define more clear-
lythe significance and mechanism of the variation
of the response of Toxoplasma gondii strains to
therapeutic agents is needed.
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Effect of Meropenem on the
Intestinal Microflora

T. Bergan!2, C.E. Nord3*,
S.B. Thorsteinsson*

Ten healthy volunteers were given 500 mg of
meropenem by intravenous infusion over 30 min
three times daily for seven days. Stool specimens
were collected before, during and after mero-
penem administration. The numbers of entero-
bacteria and streptococci decreased during the
administration period, while the numbers of
enterococci increased. There was a decrease in
the numbers of clostridia, bacteroides and gram-
negative cocci, while the numbers of gram-posi-
tive cocci and rods were not changed by the ad-
ministration of meropenem. The intestinal flora
returned to normal in all volunteers within two
weeks after the termination of meropenem ad-
ministration.

Meropenem (SM 7388; Sumitomo Pharmaceuti-
cals, Japan) is a new carbapenem antibiotic with a
broad spectrum of in vitro activity against gram-
positive and gram-negative aerobic and anaerobic
bacteria (1). Meropenem is more stable than imi-
penem in the presence of renal dehydropeptidase
I and the coadministration of a dehydropeptidase
I enzyme inhibitor, such as cilastatin, is not con-
sidered necessary.

The administration of antimicrobial agents may
influence the human intestinal microflora in dif-
ferent ways (2). One is overgrowth of microor-
ganisms already present, such as yeasts, which
may produce systemic infections in immuno-
compromised patients, and of Clostridium dif-
ficile, which may lead to diarrhoea or colitis. A
second consequence is the development of anti-
microbial resistance among the bacteria in the
normal microflora. A third effect is the reduction
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