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SUMMARY

n-Butyrate (n-BTA) increased the rate and number of infectious units produced in the in vitro reactiva-
tion of latent herpes simplex virus. While the mechanism of action of n-BTA is obscure, a continuous presence

of n-BTA is necessary for its inductive effect.

Key Words: n-butyrate, in vitro reactivation, latent Herpes Simplex Virus

INTRODUCTION

n-Butyrate (n-BTA), a 4-carbon fatty acid, was
found to be a potent inducer of the early antigen,
of viral capsid antigen and to increase viral DNA syn-
thesis in the Epstein-Barr Virus (EBV) producing
lymphoma cell lines, P3HR-1 and B95-8. In the non-
producer Raji line, n-BTA induced the early antigen
without increasing viral DNA synthesis (Baringer &
Swoveland, 1973). It is likely that the inhibitory func-
tion of n-BTA on cellular DNA synthesis is respon-
sible for the activation of latent EBV in producer
lines (Saemundsen, et al., 1980).

Similar to EBV, herpes simplex virus (HSV)
establishes a latent infection in both the sensory or
autonomic ganglia, and central nervous system
in humans (Baringer and Swoveland, 1973; Bastian,
etal., 1972; Fraser, et al., 1981). Although the whole
HSV genome is known to be present in a latent form,
the nature of latent HSV is not yet known. It is,
however, well known that reactivation of latent HSV
in neurons leads to recurrent HSV diseases in the sur-
face tissues of the body (Stevens, 1975). Therefore,
many studies have been done in attempts to unders-
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tand the mechanisms of the reactivation of latent
virus, yet the molecular events are unknown (Stevens
and Cook, 1974; Green, et al., 1981; Galloway, ef
al., 1982; Youssoufian, et al., 1982). In the present
study, we have investigated the effect of n-BTA on
the in vitro reactivation of latent HSV in latently in-
fected trigeminal ganglia of mice. This study was
done in view of n-BTA’s ability to induce the reac-
tivation of latent EBV (Luca, ef al., 1979) and to
induce differentiation in the Friend erythroleukemia
system (Leder, et al., 1975).

MATERIALS AND METHODS

Virus and Cells

HSV-1, F strain, obtained from the American
Type Culture Collection (Rockville, MD), was pro-
pagated in Vero cells, and the viral titer was adjusted
to 1.0 x 107 plaque forming units (PFU) per milliliter.
The stock virus was stored at —75°C. Vero cells
(ATCC, Rockville, MD) were grown in Eagle’s
minimal essential medium (E-MEM) supplemented
with 5% fetal bovine serum (FBS).

Chemical compound

n-BTA was obtained from the Sigma Chemical
Co. (St. Louis, MO). Proper concentrations of n-
BTA were made in E-MEM supplemented with 5%
FBS, and the solutions were filtered for sterilization
before use.
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Animals

Ninety-five, inbred albino male mice (BALB/c
strain, 7 weeks old; Bantin and Kingman, Fremont,
CA) were maintained for one week in the vivarium
at the UCLA Medical Center. Five were housed in
each cage.

Establishment of latent HSV.infection in mice ganglia

Under pentobarbital anesthesia (60mg/kg, in-
traperitoneal injection), the corneas of both eyes of
each mouse were scarified in a cross-hatched pattern
with a 30-gauge needle. Ten microliters (ul) of HSV-1
was applied into the lower cul-de-sac of each eye with
a gentle massage. Our preliminary study indicates
that this ocular infection results in the development
of latent HSV-1 infection in 100% of the trigeminal
ganglia of inoculated animals.

Determination of the effect of n-BTA on the in vitro
reactivation of latent HSV

Four weeks after the viral inoculation the animals
were sacrificed and the trigeminal ganglia removed
and placed in explant culture in the presence of 0.1,
0.25, 0.5, 1.0, or 2.0 mM of n-BTA for one, two,
or three days. The ganglia were then washed twice
with Dulbecco’s phosphate buffered saline (PBS),
homogenized with a Polytron homogenizer
(Brinkmann Instruments, Westbury, NY), and
sonicated using a Sonifier (Branson Sonic Power
Co., Plainview, NY). The titer of the reactivatec
virus in the homogenates was determined by a pla
que assay in Vero cell monolayers. Each group in
cluded 7 to 9 ganglia. In an effort to study whethe
a continuous presence of n-BTA is necessary for it
effect on the latent HSV, an additional 40 gangli:
were placed in culture in the presence of 0.1, 0.25,
0.5, 1.0, or 2.0 mM of n-BTA for 6 hours. The n-
BTA containing medium was then exchanged with
fresh medium followed by 18 hours additional
culture. The gangiia were then processed for the
determination of the reactivated latent HSV.

Yield reduction assay

Confluent Vero cell monolayers were infected
with HSV-1 at a multiplicity of infection (m.o0.i.) of
three for 1 hour, with intermittent rocking at 15 min
intervals, and then washed twice with PBS. Medium,
with or without n-BTA (0.1, 0.25, 0.5, 1.0, or 2.0
mM), was then added in triplicaté to the appropriate
Petri dishes. All cultures were incubated at 37°C for
12, 24, or 36 hours in a CO, incubator. They were
then gently washed twice with PBS thereby preven-
ting carry-over of n-BTA to the plaque assay. New

n-BTA-free medium was then added. The cells were
frozen and thawed three times, collected, and cen-
trifuged. Viral titers in the supernatant were assayed
in Vero cell monolayers by an ordinary plaque assay
technique (Rapp, 1963).

RESULTS

Effect of n-BTA on the reactivation of latent HSV-1
in vitro

To observe the in vitro reactivation of latent HSV
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Fig. 1. Effect of n-BTA on the in vitro reactivation of
ganglionic latent HSV-1. After the establishment
of latent HSV-1 infection in mice as described in
the text, the mice were sacrificed and the trigeminal
ganglia were removed. The ganglia were then
cultured in the medium containing 0.0 (O—O Con-
trol group), 0.1 (@ — @), 0.25 (A—A), 0.5 (A—A),
1.0 (T1—{7), 2.0 (H— W) mM of n-BTA for 1, 2,
or 3 days. At the end of culture, the ganglia were
washed, homogenized, and centrifuged. The viral
titers were determined from the supernatants of the
homogenates by using an ordinary plaque assay
technique. Each value represents the average of 7
to 9 ganglia assayed individually. *Significantly dif-
ferent (p<0.05) from the control group (student
t-test).
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and daily change of virus titer in the ganglia, the
trigeminal ganglia were cultured in drug-free medium
for. zero to three days. When the ganglia were
homogenized immediately after removal (zero day
culture) without allowing time for viral reactivation,
the homogenates did not show any infectious virus
(data not shown). One day culture in culture medium
stimulated reactivation and infectious virus was
isolated from 38% of tested ganglia. Two or three
days culture in drug-free medium, however, allow-
ed the isolation of infectious virus from all ganglionic
homogenates (Fig. 1).

To determine the effect of n-BTA on influenc-
ing the in vitro reactivation of latent HSV, the gaglia
were cultured immediately after removal from the
mice in medium containing 0.1, 0.25, 0.5, 1.0, or 2.0
mM n-BTA for 1, 2, or 3 days. On day 1 postculture,
the number of ganglia containing reactivated HSV
was increased by n-BTA; 50-87% of ganglia with in-
fectious HSV, and the titer of reactivated HSV was
significantly raised only by 2.0mMn-BTA. When the
ganglia were cultured for 2 days in the presence of
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Fig. 2. Time-dependent effect of n-BTA on the reactiva-
tion of ganglionic latent HSV-1. The 40 latently in-
fected ganglia were cultured in the presence of
various concentrations of n-BTA for 6 hours. The
n-BTA containing medium was then exchanged
with fresh medium followed by 18 hours additional
culture (® — @). Other 40 ganglia were cultured
in n-BTA solution for 24 hours (O0—O). The
ganglia were then processed for the determination
of the reactivated HSV-1 as described in Figure 1.
Nominator: number of ganglia with reactivated
HSV. Denominator: number of ganglia tested.

various concentrations of n-BTA, the amount of in-
fectious HSV in ganglia was significantly increased
by n-BTA by a dose-dependent fashion and all
ganglia showed infectious HSV. On day 3
postculture, the titers of infectious HSV in ganglia
were not altered by the presence of 0.1-1.0mM n-
BTA. The presence of 2.0mM n-BTA in culture
medium, however, significantly increased the viral
titer in ganglia (Fig. 1).

To study whether a continuous presence of n-
BTA is necessary for its inductive effect, we have
cultured ganglia in media containing 0.1-2.0mM n-
BTA for 6 hours and changed the media with drug-
free medium followed by 18 hours additional culture.
Then the ganglia were washed and homogenized to
determine the viral titer. The number of ganglia with
infectious HSV and titers of virus in these groups
were compared with those of groups continuously
cultured for 24 hours in the presence of n-BTA. As
shown in Figure 2, early removal of n-BTA from the
culture medium did not allow it to show an induc-
tive effect. The number of ganglia containing infec-
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Fig. 3. Effect of n-BTA on the replication of HSV-1. Vero
cell monolayers were infected with HSV-1 at m.o.i.
of 3 for 1 hour. The cultures were washed and
medium containing 0.0 (O—O, control), 0.1
(®—@), 025 (A—A), 0.5 (A—A4A), 1.0(0-00),
2.0 (H—#) mM of n-BTA was added in triplicate.
All cultures were incubated for 12, 24 or 36 hours,
and then gently washed twice with PBS thereby
preventing carry-over of n-BTA. New fresh medium
was added and viral titers were assayed.
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tious virus and the titers of reactivated HSV were
not altered by the early removal of n-BTA, while the
continuous presence of n-BTA notably increased
both of them.

Effect of n-BTA on the replication of HSV-1

As shown in Figure 3, the replication of HSV-1
in the monolayers of Vero cells was not influenced
by various concentrations of n-BTA which affected
the reactivation of ganglionic latent HSV-],

DISCUSSION

Our results indicate that n-BTA may accelerate
the reactivation process of latent HSV in the
trigeminal ganglia. In the presence of n-BTA, the
reactivated infectious virus appeared earlier than in
controls and the amount of reactivated virus was
significantly increased in ganglia. Yet, one can argue
that n-BTA may simply induce additional cycles of
viral replication rather than an increase in the reac-
tivation process, or it might reduce the time necessary
for HSV to undergo one cycle of replication. In order
to study these possible effects of n-BTA, we initiated
a time-course experiment (Figure 3). When the
monolayers of Vero cells were inoculated with HSV-1
in the presence of n-BTA, the viral yield was not
altered at 12, 24, and 36 hours postinfection. These
results negate the proposed questions possibly at-
tributable to the effects of n-BTA.

While the mechanism of n-BTA action or effect
remains obscure, it seems that a continuous presence
of n-BTA in culture medium might be a prerequisite
for its inductive effect. n-BTA has been shown to in-
duce morphological changes and growth inhibitions
in cultured cells (Prasad and Hise, 1971). n-BTA also
elevates the intracellular cAMP levels in mouse
neuroblastoma cells (Prased, ez a/., 1973). Since in-
creased intracellular cAMP levels might be linked to
the enhanced reactivation process of latent HSV
(Park e al., unpublished data), n-BTA may exert
its inductive effect by elevating intracellular cAMP
in latently infected neurons. Since viral DNA se-
quences can be associated with histones in cell
chromosomes, and n-BTA induces the hyperacetyla-
tion of the histones, this hyperacetylation may play
a role in the initiation and the resultant increased
reactivation process of the latent virus (Chestier and
yaniv, 1979). The exact mechanism of the function
of n-BTA on latent HSV is not known and should
be explored in the near future.
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