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Mediated by Tetracyclines
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Demethylchlortetracycline and, to a lesser extent, chlortetracycline were
found to mediate the in vitro photoinactivation of Venezuelan equine encephali-
tis virus.

Viruses can be rendered sensitive to visible
light when treated with dyes such as acridine
orange, proflavine, neutral red, and others (11).
Dyes bind to the virus nucleic acid, acting as
light absorbers for photochemical reactions in
which molecular oxygen takes part, resulting
in the inactivation of nucleic acid infectivity (6,
9). Phenomena of photosensitization have been
described in a variety of biological systems,
including drug-induced photosensitivity in hu-
mans (7). Treatment with the antibiotic de-
methylchlortetracycine (DMCT) results in a
high frequency of sun-induced reactions, mani-
fested as exaggerated sunburn-type lesions,
which disappear soon after discontinuation of
the drug (3, 8). Phototoxicity ofDMCT has also
been demonstrated using tissue culture tech-
niques (5). The ability of DMCT and other
tetracyclines to induce photosensitization in
Venezuelan equine encephalitis virus is de-
scribed in this report.
Vero cells, maintained in disposable tissue

culture flasks (Falcon Plastics, Oxnard, Calif.),
were inoculated with Venezuelan equine en-
cephalitis virus, using a multiplicity of infec-
tion of 0.1 plaque-forning unit/cell. The virus
used was the TC-83 strain, subjected in our
laboratory to several passages in different cell
lines. After a 1-h absorption at 37 C, infected
cultures were washed once with phosphate-
buffered saline. Cells were maintained in Eagle
medium with a double concentration of vita-
mins and amino acids, 2% lactalbumin hydroly-
sate, 0.66% yeast extract, 0.16% sodium bicar-
bonate, 1.4% ovalbumin (fraction V), 100 U of
penicillin per ml, 100 ,ug of streptomycin per
ml, and 2.5 ,ug of amphotericin B per ml (2). In
some experiments, DMCT (no. 48151, lot 338; a
gift of Cyanamid de Venezuela, Caracas) was
added to the maintainance medium to a final
concentration of 1, 10, 50, or 100 ,ug/ml. After
the addition of the drug, all handling of the
cultures was done in the dark.

Infected cultures were incubated at 37 C
through 72 h postinfection and harvested by
one cycle of freezing and thawing. Suspensions
were centrifuged at 2,000 rpm for 15 min, and 1-
ml aliquots of supernatant fluid were dispensed
into glass test tubes. Samples were exposed 10
cm from three "daylight-type" fluorescent light-
ing tubes (15 W each), giving a total of 5,000 lx
of illumination. After light exposure for 30, 60,
or 90 min, samples were immediately assayed
in Vero cells by a plaque formation method
using an agarose-containing, serum-free over-
lay (2).

Concentrations ofDMCT up to 50 ,ug/ml pres-
ent in the maintainance medium were nontoxic
for the cells and resulted in normal virus yields.
A concentration of 100 ,ug/ml induced a cyto-
pathic effect in uninfected cultures and re-
sulted in a 10-fold decrease in the yield of infec-
tious virus. When virus grown in the presence
of 1 to 10 ,ug of DMCT per ml was exposed to
light, no significant inactivation of infectivity
was observed. However, virus grown in the
presence of 50 or 100 ,ug of DMCT per ml was
readily inactivated by visible light (Fig. lA).
After 90 min of light exposure, a drop in the
infectivity titer of4 to 6 logs was observed when
using 50 and 100 ,ug of DMCT per ml, respec-
tively. Virus grown in the absence of DMCT
expressed a slight decrease in titer, probably
due to an intrinsic photosensitivity of the virus
or to photosensitizing agents present in tissue
culture medium (1). Control suspensions, con-
taining virus grown in the presence of DMCT
but not exposed to light, were not inactivated.
Virus grown in the absence of DMCT and

mixed with the drug immediately prior to light
exposure was also found to become photosensi-
tive (Fig. 1B), being inactivated at a rate com-
parable to that observed with virus grown in
the presence of the drug.
The ability of other tetracyclines to induce

photosensitization was studied by mixing the
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FIG. 1. Photosensitization of Venezuelan equine
encephalitis (VEE) virus by DMCT. (A) Photoinacti-
vation ofVEE virus grown in the presence ofDMCT.
(B) Photoinactivation of VEE virus grown in the
absence ofDMCT and mixed with the drug immedi-
ately prior to light exposure. Symbols: 0, no DMCT;
0, 50 pg ofDMCT per ml; A, 100 pg ofDMCT per
ml. Solid lines represent samples exposed to light;
broken lines represent samples kept in the dark.

virus with the drugs at a final concentration of
100 ,ug/ml and exposing to light as described.
Besides DMCT, only chlortetracycline was
found to mediate virus photoinactivation, but
at a slower rate than DMCT (Fig. 2).
The experiments described indicated that

DMCT and, to a lesser extent, chlortetracycline
act as sensitizer agents in the in vitro photo-
inactivation of Venezuelan equine encephalitis
virus. The mechanism(s) of photoinactivation
of Venezuelan equine encephalitis virus by tet-
racyclines is not known at present. The site of
action ofthe drug remains to be established: the
ability ofDMCT and chlortetracycline to induce
photosensitization when virus and drug are
mixed in vitro seems to indicate that the possi-
ble site(s) ofaction could be exposed in the viral
envelope or, alternatively, that the drug could
penetrate through the envelope and capsid to
bind an active site in the virus ribonucleic acid.

In this regard, it is interesting to note that it
has recently been reported that chlortetracy-
cline sensitizes tobacco mosaic virus ribonucleic
acid to near- and middle-ultraviolet light (10).
The demonstration of tetracycline-induced

virus photosensitization suggests that this bio-
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FIG. 2. Photosensitization of Venezuelan equine
encephalitis virus by different tetracyclines. Sym-
bols: *, control; [l, oxytetracycline; A, tetracycline
hydrochloride; 0, tetracycline crystalline; A, chlor-
tetracycline; U, DMCT.

logically simple system could be used in the
study ofthe mechanisms ofdrug-induced photo-
toxicity. It should be pointed out that photo-
reactive dyes are now being used in clinical
medicine for the treatment of surface viral in-
fections (4).
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