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NOTES
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Granulocyte progenitor cells were grown with acyclovir to study potential
marrow toxicity. Concentrations of up to 220 ,iM had little effect on progenitor
cell growth.

Treatment of viral infections with the pres-
ently available antiviral agents is often compli-
cated by hematological toxicity. Both 5-iodo-2'-
deoxyuridine (2) and cytosine arabinoside (1, 15)
have been associated with marrow toxicity, and,
in addition, these two agents have failed to show
efficacy in human studies. Adenine arabinoside
has shown promise in the treatment of herpes
simplex virus encephalitis (17), hepatitis B (10),
and perhaps herpes zoster infection of the im-
munosuppressed host (16). However, some of
these trials have also been complicated by mar-
row suppression (10, 11, 16). Acyclovir {9-[(2-
hydroxyethoxy)methyl]guanine} is a new anti-
viral agent under investigation for the treatment
of human herpesvirus infections. Because this
agent requires virus-specified thymidine kinase
for activation and because normal cellular thy-
midine kinase does not convert acyclovir to its
active triphosphate form, toxicity to normal hu-
man cellular metabolism should be lower than
with these other antiviral compounds (6, 12).
However, the hematological sensitivity of pa-
tients receiving or recovering from cytotoxic
chemotherapy may be greater than that of
otherwise normal persons. Hematopoietic tox-
icity is of particular concern in patients receiving
marrow transplants, many of whom develop se-
vere herpesvirus infections (7-9) and could po-
tentially benefit from an effective and nontoxic
antiviral agent. To investigate the possible mar-
row toxicity of acyclovir, we studied its effect on
the growth of granulocyte-monocyte colony-
forming cells in vitro.
Bone marrow samples from 10 normal individ-

uals were obtained by needle aspiration from the
posterior iliac crest. Mononuclear cells were col-
lected by Ficoll-Hypaque density separation and
used as a source of granulocyte-monocyte pre-
cursor cells. Toxicity studies were carried out by

using a modification of a previously described
semisolid tissue culture technique (14). Mono-
nuclear cells at a concentration of 105 cells per
ml were plated in tissue culture dishes by using
a 0.3% agar, 20% fetal calf serum, and alpha
medium. Lymphocyte-conditioned medium was
added at 10% concentration as a stimulator for
colony growth. The same lot of stimulator was
used throughout the study. Acyclovir was added
at the time of plating to quadruplicate plates in
concentrations ranging from 1 x 10-2 to 5 x 102
,ug/ml. Control plates contained no acyclovir,
but were otherwise identical. Colonies were
grown in a humidified incubator with an atmos-
phere of 5% CO2 in air at 37°C. At 14 days,
colonies of40 or more cells were scored by using
an inverted microscope. The mean colony count
of the quadruplicate samples at each drug con-
centration was expressed as a percentage of the
colony count observed for the control (no drug)
cultures. The results for each of the 10 marrows
were then averaged to generate the toxicity
curve.
The mean (± one standard deviation) of pro-

genitor cell growth at each concentration is
shown in Fig. 1. Acyclovir had no effect on the
growth ofgranulocyte-monocyte colony-forming
cells at concentrations of up to 44 ,uM (10 ,ug/
ml), and even at a concentreation of 220 ,uM,
progenitor cell growth averaged 78% of the coIn-
trol. Growth was progressively suppressed at
higher concentrations, however.
These results are consistent with the study of

Crumpacker et al. (4), who found that thymidine
incorporation by a human fibroblast cell line
(350 Q) was unaffected at a concentration of 200
,uM, although thymidine incorporation by Vero
cells was decreased at 50,uM. Collins and Bauer
also reported inhibition of growth of Vero cells
at concentrations higher than 50,M (3). The

471



ANTIMICROB. AGENTS CHEMOTHER.

0.01 01 1.0 10 50 100 250 500,.g/mI
0.04 0.44 4.4 44 220 440 1100 2200 jjM

CONCENTRATION OF ACYCLOVIR

FIG. 1. Effect of acyclovir on the growth of granulocyte-monocyte colony-forming cells (CFU-C) in vitro.
Each point represents the mean of 10 determinations. The crosshatched area shows one standard deviation
(S.D.). The data are expressed as the percentage ofgranulocyte progenitor cell growth compared with cultures
that were not exposed to acyclovir.

peak plasma level in patients with normal renal
function being treated for herpes simplex virus
or varicella-zoster virus infection is expected to
be lower than 40 to 60 ,uM at a projected dose
range of 5 to 10 mg/kg given every 8 h (5). This
is 1/5 to 1/4 the concentration of acyclovir that
caused even minimal in vitro suppression of
granulocyte progenitor cells in this study. Crum-
packer et al. (4) found the mean 50% infective
dose for herpes simplex virus types 1 and 2 and
varicella-zoster virus to be 0.15 ,uM, 1.62 ,iM, and
3.75 ,uM, respectively. Thus, the toxic-to-thera-
peutic ratios for the treatment of these three
herpesviruses would be 1,450, 140, and 60, re-
spectively.
Based on these data with granulocyte progen-

itor cells from normal persons, it is hoped that
acyclovir will be safe for the treatment of herpes
simplex virus and varicella-zoster virus infec-
tions even in patients expected to have unusually
sensitive marrows. This is suggested by the re-
sults of preliminary uncontrolled trials in which
even marrow transplant patients tolerated acy-
clovir administration (13). An exception may be
patients with impaired renal function in whom
higher plasma levels may occur (13) or patients
treated with higher doses of acyclovir, for ex-
ample, doses which might be required for human
cytomegalovirus infection (4). Indeed, both the
relative resistance of human cytomegalovirus to
acyclovir and the possiblity of marrow suppres-
sion at higher plasma levels may make the treat-
ment of human cytomegalovirus infection with
acyclovir more difficult than treatment ofherpes
simplex virus and varicella-zoster virus infec-
tions.
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