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The ability of erythromycin A base to penetrate and accumulate in tissue culture cells of human origin was
investigated. The antibiotic was highly concentrated by early passage ceUls of normal bronchus, kidney, liver,

lung, and skin and by cancer ceUs derived from breast, liver, and lung. Intracellular levels 4 to 12 times that
of the extracellular milieu were obtained in both early-passage and transformed cells. The total quantity of
erythromycin accumulated depended on the extracellular concentration of antibiotic, but the cellular/
extracellular ratios were, for the most part, independent of the initial extracellular drug concentration. In all

cell types tested, the accumulated antibiotic rapidly egressed when cells were incubated in antibiotic-free
medium. Bioactivity assays demonstrated that the expelled drug was unmetabolized, fully active antibiotic. The
concentration of erythromycin by a variety of human cell types probably accounts, in part, for the effectiveness
of the antibiotic against intracellular parasites such as Legionella and Chlamydia spp.

Erythromycin has been widely, successfully, and safely
used for over two decades as treatment for infections caused
by susceptible pathogens. Although erythromycin has been
recognized as an effective drug, investigators have been
puzzled by the low and unpredictable levels in plasma that
are usually observed after administration of the antibiotic.
The paucity of drug in the vasa may be due to tissue
accumulation, since distribution studies on tissue samples
excised from dogs (14) and rats (15) have shown that
erythromycin is concentrated well above blood levels in
organs such as the liver, spleen, kidney, lung, and pancreas
and in submaxillary and adrenal glands.

Infections attributed to Legionella spp., which are facul-
tative intracellular bacteria, and Chlamydia spp., which are
obligate intracellular parasites, are effectively treated with
erythromycin (1). Both organisms are known to parasitize a
large number of human cell types. The ability of erythromy-
cin to control these organisms suggests that the antibiotic
penetrates and exerts its action within the invaded host cell.
Indeed, recent studies have shown that both human poly-
morphonuclear leukocytes (PMNs) (20, 23) and alveolar
macrophages (8, 12) accumulate erythromycin at 15 to 24
times extracellular levels. Further, studies have shown that
erythromycin assists human PMNs (20) and cultured guinea
pig peritoneal macrophages (28) in the killing of phago-
cytosed Legionella pneumophila. All the foregoing indicates
that erythromycin may be concentrated intracellularly by
eukaryotic cells and suggests that this accumulation may be
responsible for the aberrant levels in plasma usually ob-
served after antibiotic administration.
The results presented in this study demonstrate that a

variety of types of human tissue culture cells sequester
erythromycin. We suspect that, after erythromycin intake,
certain mammalian tissues serve as drug reservoirs which
vastly influence antibiotic pharmacokinetics and bioactivity.
We suggest that in cases in which an antibiotic is signifi-
cantly accumulated and released by host cells, the tradi-
tional measurement of drug levels in serum or plasma may
not be a reliable predictor of therapeutic effectiveness. The
ability of erythromycin to penetrate and accumulate in many
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eukaryotic cell types has important therapeutic implications,
particularly with regard to obligate or facultative intracellu-
lar organisms or other microbes that may survive phago-
cytosis.

MATERIALS AND METHODS
Antibiotics. Ring-labeled [3H]erythromycin A base was

prepared by incubating [3H]sodium propionate (New En-
gland Nuclear Corp., Boston, Mass.) with a high-yielding
strain of the producing organism, Streptomyces erythreus.
The resulting [3H]erythromycin was extracted with methy-
lene chloride and crystallized from acetonitrile. Further pu-
rification by high-pressure liquid chromatography on a C18
column with a mobile phase consisting of acetonitrile (1,350
ml), methanol (300 ml), 0.2 M ammonium formate (300 ml),
water (1,050 ml), and ammonium hydroxide (0.6 ml) (pH 7.5
to 8.0) gave [3H]erythromycin A base (specific activity, 19.5
mCi/mmol; >98% radio pure). The [3H]erythromycin was
dissolved in a minimal amount of methanol and diluted to 1
mg/ml with water. The solution was stored frozen in small
vials at -20°C until used. On the day of an experiment, vials
were thawed and diluted to the desired concentration in the
indicated medium. ['4C]benzylpenicillin (specific activity, 54
mCi/mmol), purchased from Amersham Corp., Arlington
Heights, Ill., was dissolved in water immediately before use
and utilized as described for erythromycin.

Tissue culture cells. Tissue culture media and supplements
were purchased from GIBCO Laboratories, Grand Island,
N.Y., and trypsin was that of Difco Laboratories, Detroit,
Mich. The respective cell types were grown and harvested
as indicated below. The early-passage normal human cells
were cultured at 37°C in a 5% CO2-95% air atmosphere, and
the cancer cells were incubated at the same temperature in
100% air. After harvest all cells were washed twice with
gentamicin-free growth medium and used immediately for
accumulation studies. All manipulations were performed
with solutions prewarmed to 37°C. Viable cells were deter-
mined by the erythrocin B dye exclusion method in a
hemacytometer.
Normal human cells. (i) Skin cells. Human skin cells

(CCD-48 SK CRL 1507), subculture 3, obtained from the
American Type Culture Collection, Rockville, Md., were
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grown in RPMI 1640 medium supplemented with 25 mmol of
HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic
acid) buffer, 10% fetal bovine serum (FBS), and 25 mg of
gentamicin per liter. Adherent cells were harvested with
trypsin in phosphate-buffered saline.

(ii) Lung cells. Human diploid embryonic lung cells (WI-38),
subculture 14, obtained from the American Type Culture
Collection, were grown as described above for skin cells.

(iii) Kidney cells. Human diploid embryonic kidney cells
(lot 0916), subculture 1, were those of Abbott Laboratories,
North Chicago, Ill. Cells were grown in medium 199 with
Earle salts supplemented with 10% FBS. Adherent cells
were harvested with trypsin.

(iv) Foreskin cells. Human diploid foreskin cells (MRHF),
subculture 24, obtained from M. A. Bioproducts, Walkers-
ville, Md., were grown as described above for skin cells.

(v) Bronchus cells. Human diploid bronchus cells (CCD-14
Br CRL-203), subculture 5, obtained from the American
Type Culture Collection, were grown as described above for
skin cells.

(vi) Liver fibroblasts. Human diploid liver fibroblasts
(AB-1), subculture 9, were those of Abbott Laboratories.
Cells were grown in minimal essential medium supple-
mented with 10% FBS. Adherent cells were released with
trypsin-EDTA.
Human cancer cells. (i) Lung carcinoma cells. Human lung

carcinoma cells (A549), a continuous cell line obtained from
the American Type Culture Collection, were grown in Dul-
becco modified Eagle medium supplemented with l1o FBS
and 25 mg of gentamicin per liter. Adherent cells were

harvested with trypsin.
(ii) Breast cancer cells. Human breast cancer cells (MCF7),

a continuous cell line, were grown in minimal essential
medium supplemented with Hanks salts and 5% FBS. At-
tached cells were harvested as described above for lung
carcinoma cells.

(iii) Liver cancer cells. Human liver cancer cells (Hutu 80),
a continuous cell line obtained from the National Cancer
Institute, Bethesda, Md., were grown in minimal essential
medium supplemented with Earle salts and 10% FBS. Ad-
herent cells were harvested with trypsin-EDTA.

Velocity gradient sedimentation assay. Freshly harvested
cells were suspended to ca. 5 x 106 cells per ml in pre-

warmed, antibiotic-free growth medium containing the nor-

mal serum and buffer supplements. To alleviate adherence,
we performed accumulation studies in siliconized, 25-ml,
screw-capped Erlenmeyer flasks. Cells grown in RPMI 1640
medium were incubated in open flasks, whereas cells grown
in other media were incubated in closed vessels that were

occasionally gassed with 5% C02-95% air to maintain a pH
of 7.3 to 7.8. After incubation for 15 min at 37°C with rotary

shaking (150 rpm), the indicated quantity of radiolabeled
antibiotics were added to the incubation mixtures. Agitation
was continued at 37°C and, at intervals, 0.2-ml portions were

removed and immediately subjected to the velocity gradient
technique previously described (6, 12). Some cell types

tended to aggregate during incubation, in which case the
aggregates were broken up by gently drawing up and expel-
ling the cell suspension several times through a Pasteur
pipette before the test sample was removed. The velocity
gradient technique rapidly separates the test cells containing
associated intracellular antibiotic from unaccumulated drug
which remains in the incubation medium. Intracellularly
accumulated antibiotic was determined by a previously
described method (12). The cell volume of each cell suspen-

sion was determined with tritiated water, and the intracel-

lular/extracellular distribution of antibiotic, expressed as the
C/E ratio, was calculated (12).
The ability of cells to actively concentrate erythromycin

was further evaluated with Formalin-killed cells. The cells
were killed by treating a suspension (ca. 5 x 106 cells per ml)
in growth medium minus FBS with 10% Formalin at 37°C for
30 min. The dead cells were sedimented, washed twice with
growth medium, and resuspended to the original density in
growth medium.
Measurement of egress of erythromycin. Egress of eryth-

romycin was determined after incubation of the test cells in
growth medium containing radiolabeled antibiotic for the
time period indicated. After erythromycin accumulation, the
cells were rapidly centrifuged and resuspended in pre-
warmed, antibiotic-free growth medium. The egress of eryth-
romycin at the indicated times were determined by the
velocity gradient technique described above.

Bioactivity of egressed erythromycin. The test cell suspen-
sions (ca. 5 x 106 cells per ml) were allowed to accumulate
erythromycin by incubation with rotary agitation (150 rpm)
for 2 h at 37°C in growth medium containing 10 mg of
[3H]erythromycin A base per liter. The cells were sedimen-
ted by centrifugation and resuspended in prewarmed 0.1 M
potassium phosphate buffer (pH 8.0). Incubation was then
continued for 2 h at 37°C with rotary shaking (150 rpm). The
cells were sedimented by centrifugation, and the radioactiv-
ity and bioactivity (agar diffusion assay against Sarcina
luteus ATCC 9341 on Difco medium no. 11 with erythromy-
cin A base dihydrate as the standard) of the supernatant was
determined. The specific activity of the effluxed erythromy-
cin was compared with that of the antibiotic before its
incubation with the test cells.

RESULTS
The accumulation of erythromycin by various human-de-

rived tissue culture cells is shown in Table 1. Both normal
early-passage cells and continuous cancer line cells seques-
tered erythromycin at levels several-fold higher than exter-
nal concentrations. Of the cell types tested, the highest
accumulation occurred in early-passage foreskin cells, for
which a C/E ratio of 12 was attained upon exposure to 10 mg
of antibiotic per liter. Most of the cell types accumulated
erythromycin at six to nine times the extracellular concen-
tration, although normal liver and cancer liver cells gave
lower values. Although the cells were incubated in the
presence of [3H]erythromycin for 2 h, most of the intracel-
lular accumulation occurred during the first hour of expo-
sure. All cell types treated with 2 to 20 mg of erythromycin
per liter maintained -90% viability during the course of the
incubation period.

In all cell types examined, the total quantity of erythro-
mycin accumulated depended on the extracellular concen-
tration of antibiotic. Although some slight differences in C/E
ratios were observed when the extracellular antibiotic con-
centrations were varied, the disparity was less than 20% at
the levels of erythromycin tested (2 to 10 mg/liter) after 1 h
of accumulation. In most cases, higher initial concentrations
of erythromycin gave slightly higher C/E ratios, although in
some cell types there was virtually no difference between the
C/E ratios obtained with varied initial drug concentrations.
Cancer liver and lung cells were the only exceptions noted to
the above. In these cell types, slightly lower C/E ratios were
consistently observed as the initial extracellular antibiotic
level was increased (Table 1).
When cells that had accumulated erythromycin were

transferred to antibiotic-free medium, rapid egress of the
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intracellular erythromycin occurred (Fig. 1 and Table 1).
The rate of efflux usually reflected the kinetics of accumu-
lation. Cells which rapidly concentrated antibiotic lost drug
at a similar rate when the external milieu was replaced with
antibiotic-free medium (Fig. 1). When cells accumulated
erythromycin at a diminished rate, the kinetics of efflux were
slower than in cells which rapidly concentrated antibiotic. In
cells which rapidly accumulated antibiotic, egress continued
until equilibrium was again established.
The extremely rapid exchange between extracellular and

intracellular erythromycin was demonstrated by incubation
of cells that had been preloaded with [3H]erythromycin with
high levels of unlabeled antibiotic. For example, with normal
lung cells, extracellular unlabeled erythromycin was added
at a level of 100 mg/liter to cells that had previously reached
maximal intracellular accumulation (C/E ratio, ca. 9.0) in the
presence of 10 mg of [3H]erythromycin per liter. The accu-
mulated [3H]erythromycin exited the cells at virtually the
same rate as controls in which the extracellular level was
initially reduced to zero (Fig. 1). Similar efflux kinetics were
observed for all cell types tested. These data suggest that
intracellularly concentrated erythromycin is not tightly
bound to cellular components.

Cells held at 4°C did not accumulate or bind antibiotic
(Table 2) or allow egress of previously concentrated eryth-

TABLE 1. Accumulation and egress of [3H]erythromycin A by
tissue culture cells of human origina

Initial C/E ratio

Cell type
erythromycin Accumulation EgressCelltype concn phase phase

(mg/liter)
60 min 120 min 20 min 40 min

Normal early passage
Bronchus 2 7.2 8.7 3.1 1.6

10 7.4 8.9 3.6 1.8

Foreskin 2 10.2 10.7 0.8 0.3
10 11.8 12.0 0.8 0.3

Kidney 20 8.7 8.9 __b

Liver 2 5.6 5.0 1.6 1.0
10 5.1 5.3 1.5 0.7

Lung 2 6.9 7.2 1.6 0.7
10 8.3 9.3 1.6 0.8

Skin 2 8.8 9.2 4.7 2.1
10 9.7 9.9 5.9 2.8

Cancer
Breast 2 7.5 7.7 3.6 2.5

10 6.5 7.7 3.1 2.1

Liver 2 4.0 5.4 1.4 1.1
10 3.5 4.2 1.4 1.1

Lung 2 8.5 8.3 0.8 0.5
10 7.6 7.3 0.6 0.3

a At designated times during the accumulation and egress phases, the
concentrations of intracellular and extracellular erythromycin were deter-
mined by the velocity-gradient centrifugation method. Cells were allowed to
accumulate [3H]erythromycin at the indicated concentrations. After accumu-
lation for 2 h, egress of intracellular [3H]erythromycin was determined by
rapidly collecting the cells by centrifugation and resuspending them in fresh
antibiotic-free medium. For a complete description, see the text.
b-, Not determined.
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FIG. 1. Uptake, accumulation, and egress of [3H]erythromycin
A by human diploid embryonic lung cells (WI-38). Cells were
allowed to accumulate [3H]erythromycin (10 mg/liter) for 2 h. At the
time indicated by the arrow, accumulation medium was rapidly
removed and replaced with fresh erythromycin-free medium (0) or
fresh medium containing 100 mg of unlabeled erythromycin per liter
(0). Egress of erythromycin continued until equilibrium was again
established. When the replacement medium contained 100 mg of
unlabeled erythromycin per liter (10 times the concentration of the
accumulation medium), the intracellular sequestered [3H]erythro-
mycin egressed at a similar rate to that of the erythromycin-free
replacement medium, thus demonstrating the fast exchange between
intracellular and extracellular erythromycin.

romycin. Thus, when cells that had maximally sequestered
erythromycin at 37°C were transferred to cold antibiotic-free
medium, virtually no drug exited the cells upon incubation at
4°C. Binding of erythromycin to cells killed with Formalin
varied depending on cell type (Table 2). Formalin-killed
foreskin and kidney cells rapidly bound substantial amounts
of erythromycin. In contrast, liver and breast cancer cells,
treated in an identical manner, bound only miniscule quan-
tities of erythromycin. With all cell types tested, binding was
complete within 2 min and no additional antibiotic was
bound with continued exposure to the drug. As the same
cells at 4°C did not bind erythromycin, Formalin killing
apparently altered the cellular surface, allowing antibiotic
binding.
The polyfunctional erythromycin molecule is extremely

sensitive to a variety of chemical and enzymatic degrada-
tions. To determine possible intracellular inactivation, we
determined the specific activity of accumulated antibiotic
after cellular expulsion. In these experiments, cells were
allowed to maximally accumulate erythromycin, and after a
suitable incubation period in an antibiotic-free milieu, the
specific activity of the egressed drug was determined by
measuring bioactivity and radioactivity. Since our erythro-
mycin assay is standardized for solutions prepared in 0.1 M
potassium phosphate buffer (pH 8.0), cells preloaded with
radiolabeled antibiotic were transferred to this buffer for
egress. Experiments indicated that, in most cases, egress
was slightly slower in buffer than in the usual culture
medium. The erythromycin released from all cell types was
fully active, unmetabolized antibiotic (Table 3).

In contrast to the marked concentration of erythromycin,
benzylpenicillin was not significantly accumulated by any
cell type tested. In all cases the intracellular concentration of
benzylpenicillin remained much lower than the extracellular
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TABLE 2. Influence of temperature and cell viability on accumulation of [3H]erythromycin A by human tissue culture cells
C/E ratio for following cells':

Normal early passage Cancer

Time of Foreskin Kidney Breast Liver
incubation Viable Viable Viable Viable

(min) Dead Dead Dead Dead

37°C, 2 4°C, 10 (37°C, 37°C, 4°C, (37°C, 37°C, 4°C, (37°C, 37°C, 4°C, (37°C,
mg/ mg/ 10 mg/ 5 mg/ 10 mg/ 10 mg/ 10 mg/ 5 mg/ 5 mg/ 2 mg/ 10 mg/ 10 mg/
liter literb liter) liter literb liter) liter literb liter) liter literb liter)

5 -c 0.34 12.78 2.73 0.18 3.88 2.38 0.42 1.46 1.97 0.41 0.24
10 6.62 0.35 12.63 4.13 0.21 4.27 3.49 0.23 1.57 3.38 0.37 0.37
20 7.91 0.48 11.68 5.36 0.57 3.66 4.59 0.26 1.42 3.99 0.41 0.41
30 8.77 0.49 9.38 6.02 0.21 3.80 5.43 0.37 1.20 5.24 0.45 0.45
40 9.55 0.50 8.98 6.60 0.21 3.61 0.35 1.56 4.98 0.69 0.69
60 8.97 0.45 7.33 5.97 3.97 6.48 0.31 1.21 5.93 0.48 0.48
80 9.21 0.46 6.31 - 3.89 7.67 0.23 1.49 5.88 0.50 0.50

aFor a complete description, see the text.
b After harvest, cells were cooled to 4°C and maintained at this temperature during the course of the experiment.
c-, Not determined.

concentration (C/E ratio, 0.16 to 0.64), even after prolonged
incubation.

DISCUSSION
Tissue distribution studies in dogs (14) and rats (15) with

14C-labeled erythromycin have indicated that the antibiotic
is concentrated in liver, spleen, kidney, lungs, pancreas, and
submaxillary and adrenal glands at levels significantly above
those in plasma. With a noninvasive procedure, a more
recent study (27) in which 11C-labeled erythromycin and
positron emission tomography were used has shown that
erythromycin rapidly penetrates and concentrates in human
pulmonary tissue. These studies demonstrate that erythro-
mycin accumulates in mammalian tissues at concentrations
above levels in plasma, but the techniques used did not allow
differentiation between intracellularly accumulated drug and
antibiotic loaded in interstitial and other extravascular com-
partments.
The data presented here, showing the in vitro uptake and

intracellular accumulation of erythromycin by a variety of
human-derived tissue culture cells, strongly suggest that a
similar concentration phenomenon occurs in mammalian
tissues after antibiotic administration. Although anomalies
associated with cells grown in tissue culture must be consid-

TABLE 3. Comparison of the bioactivity of erythromycin A
before accumulation and after egress from human tissue culture

cells
Bioactivity of erythromycin (p.g)"

Cell type Before After
accumulation release

Normal early passage
Bronchus 0.39 0.34
Foreskin 0.39 0.38
Kidney 0.28 0.25
Lung 0.33 0.34
Skin 0.39 0.39

Cancer
Breast 0.41 0.45
Liver 0.28 0.28
Lung 0.28 0.28
a The bioactivity was that determined for 104 cpm of [3Hlerythromycin.

ered, the marked accumulation by several types of normal,
early-passage cells lends further credence to this thesis.
Our findings suggest that mammalian organs and tissues,

upon exposure to erythromycin, accumulate an intracellular
reservoir of antibiotic from the vasa. In consonance with the
tissue culture cell data, this reservoir of sequestered eryth-
romycin would readily egress from the intracellular compart-
ments as the extracellular level of antibiotic diminished. The
released erythromycin would be unmetabolized, unaltered,
fully active antibiotic.

Although the efficacy of erythromycin against a variety of
infections caused by susceptible organisms has been dem-
onstrated (1), the low and erratic levels in plasma that are
usually observed after antibiotic intake has often concerned
many clinicians. The blood level, however, is only one
factor which must be considered when selecting an appro-
priate antibiotic therapy. To our knowledge, the concentra-
tion of erythromycin in plasma that is associated with
therapeutic success has not been established, but the ability
of the antibiotic to penetrate, accumulate, and exit eukaryo-
tic cells must have both pharmacokinetic and antibacterial
implications. We suspect that the extravascular localization
of erythromycin may be more pertinent to the clinical
efficacy, at least with some types of infection, than the actual
levels in plasma, since active drug at the site of sepsis is the
most important consideration.
For example, there is abundant evidence that some micro-

organisms survive or proliferate after phagocytosis by hu-
man cells (3, 10, 11, 13, 22). This frustration of the normal
phagocytic-killing process must be of paramount importance
in cases of persistent or relapsed infections. The intracellular
location of the engulfed organisms protects them from
antibiotics that are unable to penetrate and exert their
action. In these cases, after termination of antibiotic ther-
apy, the protected, intracellular organism may again fulmi-
nate into a renewed infection. The ability of erythromycin to
penetrate and accumulate in a variety of eukaryotic cell
types may prevent survival of sensitive phagocytosed organ-
isms, thereby exerting profound effects on the course of an
infection.

Phagocytosis, which is the ingestion of any particulate
matter (e.g., bacteria) by cells, is common to all nucleated
eukaryotic cells (4) and is not limited to leukocytes. Nucle-
ated eukaryotic cells can be classified as either professional
phagocytes (PMNs, monocytes, and tissue macrophages) or
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nonprofessional phagocytes (e.g., fibroblasts). The former
group of cells normally circulates via the circulatory system
and constitutes the cellular host defense; the latter group is
usually fixed and does not circulate. Although the extent of
cellular killing and the role of these latter cells in host
defense remains obscure and undefined, nonprofessional
phagocytes may influence the course of an infection.

Erythromycin, which is the antibiotic of choice for the
treatment of Legionnaires disease (1), is thought to owe
much of its effectiveness to its ability to penetrate, accumu-
late, and inhibit L. pneumophila ingested by PMNs (20).
Legionnaires disease was first considered to be exclusively a
pneumonic illness, and the intracellular nature of the infect-
ing bacilli has been demonstrated in lung tissue. It is now
clear that, in many hosts, the causative organism dissemi-
nates to extrathoracic organs. In some instances, infection
without pulmonary involvement also occurs (18, 19). Bio-
chemical abnormalities and direct-immunofluorescence tech-
niques have revealed that the liver (24), spleen (25), kidney
(25), peripheral lymph nodes (25), bone marrow (9, 25), brain
(7), myocardium (26), and intestine (5) may be invaded.
Direct evidence for the extrapulmonary involvement was
confirmed when intracellular Legionella bacilli were demon-
strated in liver sinusoidal lining cells (24) and kidney mesan-
gial and endothelial cells (25) by electron microscopy.
The apparent propensity of erythromycin to accumulate

not only in leukocytes but in nonprofessional phagocytes
may account, in part, for the effectiveness of the antibiotic
against Legionella spp. In this context, nonprofessional
phagocytes would have to sequester erythromycin in the
phagosomal compartment in concentrations sufficient to
suppress the multiplication of intracellular Legionella organ-
isms. At this point, we have no knowledge concerning the
cellular distribution of the accumulated erythromycin. The
concentrated erythromycin may not be evenly distributed
throughout the cell but may be loaded only in certain cellular
compartments. However, since erythromycin apparently
accumulates in the phagosomes of human PMNs, as evi-
denced by the ability of the antibiotic to inhibit phago-
cytosed L. pneumophilia (20), it seems reasonable to extrap-
olate these findings to phagosomes of other eukaryotic cells.
This leads us to suspect that all cells which concentrate
erythromycin at high levels play a role in limiting the
multiplication of intracellular Legionella spp. in the pres-
ence of therapeutic levels of antibiotics.
Chlamydia spp. are obligate intracellular parasites propa-

gated in vitro in eukaryotic host cells. In their protected
intracellular environment, only antibiotics that penetrate
host cell membranes interfere with chlamydial growth (16).
Chlamydia trachomatis has been implicated as the etiologi-
cal agent in a considerable number of human male and
female clinical infections (17). Although epithelial cells may
be the primary host of C. trachomatis (21), the plethora of
recognized and suspected clinical conditions suggests that
these organisms are capable of invading a variety of cell
types. Antibiotic therapy for chlamydioses usually consists
of appropriate dosages of either erythromycin or tetracy-
cline (1, 2). This suggests that these two antibiotics reach
intracellular therapeutic levels in infected cells. Both antibi-
otics are known to penetrate and accumulate in human
PMNs and alveolar macrophages (8, 20, 23). The ability of
erythromycin to suppress Chlamydia infections further sup-
ports the thesis that the antibiotic penetrates and accumu-
lates in a variety of human cell types in vivo.

In conclusion, this study indicates that erythromycin is
highly concentrated by a variety of eukaryotic cell types,

and it seems likely that this intracellular drug reservoir must
be of clinical importance. For many years a great deal of
attention has been focused on obtaining erythromycin for-
mulations which give predictably high and sustained antibi-
otic levels in plasma. These endeavors have not been
entirely successful, although the resultant formulations are
clinically efficacious. This indicates that, in the final analy-
sis, high drug levels in blood may not be necessary for
clinical efficacy and that, in fact, the unique ability of
erythromycin to penetrate and accumulate intracellularly
must be associated with its high therapeutic effectiveness.
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