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Tetracycline in the Treatment of Malignant
Effusions: Evidence for a Cytostatic Action of the

Decomposed Drug
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Abstract—During the in vitro growth of human carcinoma cell lines an inhibition of cell
growth in media containing tetracycline was observed at a concentration which was about 1000
times below the one reached in the pleural fluid of malignant effusions after tetracycline instillation.
During short time drug—cell contact only previously heated tetracycline showed growth inhibition
like doxorubicine, a substance of similar structure and origin. Freshly prepared tetracycline
inhibited cell growth only after several minutes of drug cell contact. Our observations in vitro
suggest that decomposed tetracycline plays an important role in the control of malignant effusions.

INTRODUCTION

THE TREATMENT of choice in managing malignant
pleural effusions today is tube drainage followed by
instillation of tetracycline [1]. It has been postulated
that the low pH of the tetracycline solution is
responsible for the sclerosing effect [2]. A rando-
mized study comparing tetracycline with an acidi-
fied multivitamin solution of similar pH did not
substantiate this hypothesis [3]. We noticed a con-
stant growth inhibition of human cell lines by media
containing tetracyclines. Our experiments were
designed to study the cytostatic action of tetracyc-
line in vitro and its relevance to the treatment of
malignant effusions.

MATERIAL AND METHODS

Drugs

The drugs were obtained from the following
sources: ascorbic acid (Redoxon): Roche, Basel,
Switzerland; doxorubicine (Adriblastin); Farmit-
alia Carlo Erba, Freiburg, F.R.G.; minocyctine
(Minocin) and tetracycline (Achromycine): Amer-
ican Cyanamid Company, Lederle Laboratories
Division, U.S.A. Decomposition of tetracycline and
minocycline was done by heating the dissolved
drugs for 10 min at 100°C.
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Cells
A human hypernephroma line [4] as previously
described [5] and a human breast cancer line

(BT 20 [6]) were used.

Inhibition of cell growth

The cells were incubated with tetracycline, mino-
cycline, doxorubicine or ascorbic acid in the follow-
ing way: to lml of medium (RPMI 1640
supplemented with 8% fetal bovine serum) contain-
ing a given drug concentration 1 ml of cell suspen-
sion with about 120,000 ceils freshly prepared by
trypsinization of a cell monolayer was added. This
mixture was incubated at 37°C for various periods of
time in sterile 7-ml screw-capped centrifuge tubes.
After incubation the cells were centrifuged at 200 g
for 10 min at 4°C, and then resuspended in 4.2 mi
of fresh medium; 1.0 ml of the cell suspension was
put in each of four wells of sterile flat bottom plastic
plates (24 wells, dia. 16 mm, Costar, Cambridge,
Mass., U.S.A.). The plates were then incubated at
37°C in a 5% CO, atmosphere. After 4 days of
incubation—at this time the control wells (only
medium without drugs) showed a complete mono-
layer containing about 1.3 million cells per
well—the cells were stained by methylene blue/
parafuchsin [7] and the plates evaluated. In the
case of continuous drug contact to 1 ml of the
original cell suspension (about 120,000 cells) 1 ml
of medium and 2 ml of drug dilution were added,
thoroughly mixed, and also distributed into four
wells.

The evaluation of the stained plates was done over
a neon screen with a photographic light meter
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Table 1. Growth inhibition of hypernephroma cells by tetracycline or doxorubicine

Time of contact

Inhibition of growth (IG) by

(min) Tetracycline* Doxorubicine*
Fresh Heated Fresh Heated
IGt IG IG IG IG IG IG IG
complete  detectable  complete  detectable  complete  detectable  complete  detectable

1 b b 225* 112 17* 1.7 17 1.7
5 i 112 225 112 17 0.86 17 0.86
15 225 22 112 11 17 0.17 17 0.17
60 112 22 112 11 8.6 0.09 8.6 0.09
120 112 22 112 11 8.6 0.09 8.6 0.09
Continuous 22 11 22 11 0.86 0.017 0.86 0.017
(4 days)

*Numbers in the table represent minimal drug concentrations in wM for production of inhibition of growth (1G).
tDefinitions of complete and detectable inhibition of growth (IG): see Materials and Methods.
+No inhibition of growth (IG) with 225 pM of freshly prepared tetracycline.

(Lunsix 3, Gossen, F.R.G.) containing an adapter
piece fitting the 16-mm wells of the plastic plates.
The results were recorded the following way. Com-
plete growth inhibition (Fig. 1, A2) corresponded
to a light intensity (measured in lux) equal to that
of plates stained 2 hr after cell seeding; detectable
inhibition of growth (Fig. 1, B3) corresponded to
an increase of light intensity of at least 25% in each
well over the control wells.

RESULTS

Table 1 shows the concentrations necessary to
produce growth inhibition of hypernephroma cells
by tetracycline and doxorubicine either prepared
freshly or heated for 10 min at 100°C. The heated
tetracycline was more active than the freshly pre-
pared when the time of drug—cell contact was
15min or less. This difference disappeared at
60 min drug—cell contact. The heating of doxoru-
bicine did not change its growth inhibitory activity.
Figure 1 illustrates the difference of growth inhibi-
tory activity of heated and freshly prepared tetracyc-
line solutions during short time drug—cell contact.
The figure also demonstrates that which we photo-
metrically define as complete inhibition of growth
(corresponding to the light intensity of stained wells
2 hr after seeding 30,000 control cells; Fig. 1, A2),
as detectable inhibition of growth (Fig. 1, B3) and
as no inhibition of growth (corresponding to the
light intensity of control cells forming a monolayer
with 1.3 million cells after 4 days of incubation;
Fig. 1, B4).

The tetracycline preparation (Achromycine)
which is used in the treatment of pleural effusions
contains ascorbic acid. To exclude any influence of
ascorbic acid on the growth of the hypernephroma
cells growth assays were done with a wide range
of ascorbic acid concentrations (from 56 pM to
11.3 mM). No growth inhibition or growth
enhancement could be observed. In addition exper-

iments were performed with freshly prepared and
heated minocycline (which does not contain ascor-
bic acid) on hypernephroma and mammary carci-
noma cells. Inhibition of growth in both cell lines
with freshly prepared and heated minocycline was
observed at the following concentrations after 4
days of continuous drug-cell contact: complete
inhibition of growth at 22 WM, detectable inhibition
of growth at 2.2 puM, which is similar to tetracycline
(see Table 1).

DISCUSSION

Effective control of recurrent malignant effusion
greatly improves the quality of life of the cancer
patient. Different techniques have been advocated
for controlling this complication of neoplastic dis-
ease. The treatment of choice today seems to be
tube drainage followed by instillation of tetracycline
[1]. The common hypothesis is that its effectiveness
is related toits low pH. Doubts about this hypothesis
led to a randomized study comparing tetracycline
to a solution of similar pH and appearance [3]. This
study suggested that the efficacy of tetracycline is
not related to its acidic pH.

An antitumor effect of tetracycline by inhibition
of mitochondrial protein synthesis has been shown
in several animal systems [8, 9]. Our observation
demonstrating growth inhibition of human hyper-
nephroma and mammary cancer cells in vitro by
heated tetracycline and minocycline similar to
doxorubicine adds another possibility of a mechan-
ism of action: tetracyclines lose the activity class-
ically attributed to them, i.e. the inhibition of protein
synthesis at the level of the ribosomes, rapidly
when heated [10] or more slowly when in solution
[11, 12]. As tetracycline is known to bind to DNA
[13] the possibility that the degradation products
such as epitetracycline, anhydrotetracycline and
epianhydrotetracycline (EATC) [14] bind even
more efficiently to DNA and act like anthracyclines



C. Sauter and M. Cogoli 975

Fig. 1. Example of growth inhibition of hypernephroma cells by tetracycline-HCl. Time of drug contact 5 min. Al and Bl:

medium control (complete monolayer). A2-A4: decreasing concentrations (WM) of heated tetracycline: 225, 112, 22 (decreasing

inhibition of growth). B2-B4: decreasing concentrations (WM) of freshly prepared tetracycline: 225, 112, 22 (just detectable
inhibition of growth at 225 and 112 pM).
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as intercalating agents should be considered. These
degradation products resemble in structure the
anthracyclines being of a biosynthetic origin similar
to the tetracyclines [15].

In our in vitro system the tetracycline exerts its
growth inhibitory activity more rapidly after being
heated to 100°C (sec Table 1 and Fig. 1). The
decomposition products of tetracyclines increase
with temperature: at 40°C 80% of the tetracycline
is present after 24 hr, while at 50°C only 60%
remains. Increasing amounts of degradation prod-

ucts can be found [12]. Since EATC c.g. appears at
40°C after only a few hours of incubation [12] it
must also be present in substantial amounts in the
pleural cavity during tetracycline treatments.

In conclusion: to prove our suggestion that
decomposed tetracycline plays a therapeutic role in
the control of malignant pleural cffusions the next
obvious step will be the separation of the different
tetracychine degradation products and their testing
for cytostatic activity.
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