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In Vitro and In Vivo Phlebovirus Inhibition by Ribavirin
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Ribavirin (1-B-o-ribofuranosyl-1,2.4-triazole-3-carboxamide) was markedly inhibitory in vitro to Adames
and Balliet strains of Punta Toro virus (PTV), a Phlebovirus related to Rift Valley fever and sandfly fever
viruses. By using inhibition of viral cytopathic effect in LLC-MK,; cells with both virus strains, the 50%
effective dose was 4 to 10 pg/ml and the virus rating was 1.3, The Adames strain of PTV infection in mice was
established for evaluation of the in vivo antiviral efficacy of ribavirin. The drug was administered subcutane-
ously (s.c.) twice daily for § to 7 days beginning 4 h pre-virus inoculation, 24 h post-virus inoculation, or 36 h
post-virus inoculation, with increased survivors, reduced hepatic icterus, reduction of serum glutamic oxalic
acid transaminase and serum glutamic pyruvic acid transaminase, and inhibition of infectious virus from sera
and livers of infected mice. The minimum effective dose was 4.7 mg/kg per day, with a maximum tolerated dose
of 75 mg/kg per day. When the same treatment schedule beginning 4 h pre-virus inoculation, 4 h post-virus
inoculation, or 24 h post-virus inoculation was used. orally administered ribavirin was effective ai doses as low
as 6.3 mg/kg per day. Single s.c. ribavirin treatments at doses of 175 to 700 mg/kg administered from 4 to 48
h post-virus inoculation were also effective. No effect was seen when ribavirin was administered s.c. to mice
infected intracerebrally with the PTV strain Balliet, even though treatment was begun 36 h before virus

exposure.

Phlebovirus infections have long been recognized as major
diseases in humans (13). Although there are 37 known
viruses in this genus (15, which is in the Bunvaviridae
family. the principal agents causing serious discase in hu-
mans are phlchotomus. or sandfly, fever and Rift Valley
fever viruses (26). Over 12,000 members of the Allied armed
forces in ltaly and Sicily during World War 11 were hospi-
talized with infections caused by phichotomus fever virus,
Severe epizootics and epidemics of Rift Valley fever have
been reported since 1930 which have resulted in the deaths

of thousands of sheep and cattle (142 4 recent outbreak of

Rift Valley fever in Egypt Killed approximately 600 humans
(1. In addition to these viruses from Europe. Africa, and
the Middle East. at least four phleboviruses from Central or
South America have been reported which appear to cause a
discase similar to phlebotomus fever, These are Chagres.
Alenquer. Candiru, and Punta Toro viruses (10, 14, 23 25),
To date. no drugs are available to treat these discases.

The Punta Toro virus (PTV), Adames strain, has recently
been reported by Pifat and Smith (D, Y. Pitat and ). F.
Smith, Microb, Pathogen.. in press) to induce a nonencepha-
litic. lethal infection in mice that is characterized particularly
by fulminant hepatocellular necrosis following peripheral
inoculation of the virus. The discase induced in the mouse
appears similar in many respects 1o the discase induced by
PTV in hunans and by other phlchoviruses in both humans
and livestock. This s particularly significant since these
viruses are transmitted in nature by sandflics or mosquitoes.
the bite of which resembles the subcutancous inoculation
used in mice. We used this animal maodel to study in depth
the effects of the broad-spectrum antiviral agent (200 1-B-p-
ribofuranosyl-1.2 4-triazole-3-carboxamide  (ribavirin) - on
this virus infection. as well as on the encephalitic discase in
mice induced by a neurotropic striin of PTV.

* Corresponding author.
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MATERIALS AND METHODS

Viruses. The Adames strain of PTV was provided by the
U.S. Army Medical Rescarch Institute for Infectious Dis-
cases (USAMRID). The virus was inmtially isolated from the
serum of a patient in Panami in 1972 1t was passed twice in
African green monkey kidney (Veroy cells at USAMRIID
and then twice through rhesus monkey kidney (LLC-MK)
cells by us: the virus was plaque isolated each time from
LLC-MK, cells. A large virus pool was prepared from the
last plaque isolate: the virus ideatity of this pool was
confirmed by serum neutralization. as described by Hsiung
(6). by using specific antisera. The Balliet strain of PTV was
obtained from the American Type Culture Collection (Rock-
ville. Md.}. The virus was oniginally isolated from a patient
from Panami in 1966, This virus was plague purified twice as
described above, its identity was confirmed. and a pool was
subsequently made. Both virus pools were placed in am-
poules and stored at -70 C.

Cells. The cells used included LLLC-MK., and two lines of
African green monkey kidaey cells (M A-104 and Vero). The
LLC-MK. and MA-104 cells were maintained in minimum
essentiod medium (GIBCO  Laboratories. Grand  Island.
N.Y ) containing 57 fetal bovine serum (HyClone Labora-
tories. Logan, Utah) and 0.1° ¢ NaHCO, without antibiotics.
The Vero cells were grown in Medium 199 (GIBCO) with
fetal bovine serum and buffer. as described above. All cells
were determined to be free of mycoplasma.

Animals. Female CS7BL. 6 mice (weight. 10 1o 12 g) were
obtained from Simonsen Laboratories (Gilroy, Calit). All
animals were quarantined 24 h prior to use.

Test compound. Ribavirin was provided by USAMRIID
via Technassociates, Inc. (Rockville, Mdo) in dry powder
form. The compound was prepared in minimum essential
medium for in vitro studies and in saline or water forin vivo
cxperiments,

In vitro antiviral experiment. Antiviral activity was deter-
mined against 320 cell culture S ¢ infectious doses of PTV
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by using the degree of inhibition of viral cytopathic effect
(CPE) that developed in 5 to 7 days in a 96-well microplate
test system desceribed previous!y (135). The experiments with
the Adames strain of PTV were run in parallel in L1LC-MK..
MA-104. and Vero celis. In all experiments. the compound
was added 15 min after virus exposure. Later experiments
with the Balliet strain of PTV were run with LLC-MK., cells
only. Confirming experiments were run by using CPE inhi-
bition and virus titer reduction at the maximum tolerated
dose (MTD) of nbavirin. In initial studies. the MTD was
determined as the highest dose that did not cause visually
discernible c¢ytotoxic etfects in concurrently run toxicity
controls. As a follow-up determination in LLC-MK, cells,
the MTD was further defined as the highest dose in which
viable cell increase occurred after 6 davs of exposure to the
drug. Antiviral activity was expressed as virus rating. as
described previously (18). and by 50%¢ eftfective dose. as
ascertained by plotting the dose versus the CPE inhibition on
a semilogarithmic chart. Therapeutic indices (Tls) were
calculated as the MTD divided by the 5077 effective dose.
Virus vield was determined by endpoint assay of multiple
10-fold dilutions of eluates tfrom frozen and thawed plates.
Titers of the cluates were determined in LLC-MK, cells.
with virus quantified by determining the CPE induced in
triplicate microplate cups.

Development of virus infcction. An caperiment was run to
further characterize the PTV infection in C57BL/6 mice.
since it is important in antiviral studies to correlate the
development of infectious virus in sera and livers with the
degrec of hepatic icterus and with elevations in serum
glutamic oxalic acid transaminase (SGOT), serum glutamic
pyruvic acid transaminase (SGPT). and total bilirubin (BN).

Pifat (D. Y. Pifat. Ph.D. dissertation. University of Mary-
land. Baltimore. 1985) has shown that the PTV infection is
highly dependent upon the age and strain of mice. with
3-weck-old CS7TBL/6 mice being generally considered most
suitable. Titrations with PTV indicated that a window of
acceptable lethality at a particular virus dilution is seen.
while higher or lower concentrations from the ideal viral
inoculum result in less lethality in mice. We presume that
this is due to interference by defective virus particles. In this
experiment. a group of 200 female mice (age. 3 weeks:
weight. 100 12 gy was infected subcutancously (s.c.) with an
approximate 75% lethal dose of the Adames strain of PTV
(10° PFU). Five mice were randomly sclected and killed
daily from days 1 through 10 and on days 13, 16, and 19
post-virus inoculation. Each animal was bled. the serum was
separated. and the livers were removed. Hepatic icterus was
assigned a score of 0 to 4, according to the degree of
discoloration. Each liver was homogenized to a 1007 (wt'vol)
suspension prepared in minimum essential medium and
assayed for virus by diluting cach homogenate 10-fold to a
titer of 10 °; portions of 0.2 ml were added to triplicate cups
of LLC-MK, cell monolayers in 96-well microplates. Viral
CPE was determined after S days of incubation at 37°C, and
507 endpoints were determined (12). Each serum sample
was assayed in a similar manner for infectious virus. Titra-
tion of SGOT. SGPT. and BN was accomplished by nsing
colorimetric Kits from Sigma Chemical Co. (St Louis. Mo.).
Spectrophotometric readings for these colorimetric assays
were performed in duplicate by using a microplate auwto-
reader (EL39: Bio-Tek Instruments. Inc.. Winooski. V).

In vive antiviral experiments. The in vivo antiviral exper-
iments varied somewhat according to the ohjectives of the
study. but the general design was as follows. A total of 20
mice infected s.¢. with PTV were treated with cach drug
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dose. and 40 infected mice were treated with saline as virus
controls, There were 10 infected animals in cach cage. A
total of § sham-infected mice at cach drug dosage served as
toxicity controls, and 5 or 10 additional animals were used as
normal controls. All uninfected animals were held in rooms
that were separate from those in which the infected mice
were held. The uninfected animals were weighed immedi-
ately prior to the initial treatment and again 18 h following
the final treatment. On infection day 3 or 5. mice from one
cage of cach group which had been infected and drug
treated. mice from two cages of virus controls, and mice
from one cage of normal controls were Killed and bled and
their livers were removed. Hepatic icterus was essigned a
score. and the livers were photographed and then frozen at
=70°C until they were assayved for infectious virus. The
serum was also frozen and later thawed and assayed for
SGOT and SGPT levels. If an infected animal died of
ohvious infection before it was sucrificed the livers were
assigned a score of 4 and SGOT. SGPT. and virus titers were
assigned maximal values, The remaining animals which were
not kitled were examined daily and deaths were recorded
through day 21. at which time the cxperiment was termi-
nated.

The ribavirin doses used varied by twofold dilutions. with
the highest dosage being the approximate MTD. as deter-
mined in preliminary toxicity assays.

Statistical evaluations. Increases in survivors were ana-
lyzed by using chi-square analysis with the Yates correction.
Increases in mean survival time of anitnals that died on or
before day 21 and reductions in SGOT and SGPT and PTV
levels in the liver were evaluated by using the Student ¢ test.
Ranked sum analysis (Wilcoxon test) was used to compare
inhibition of mean liver scores.

RESULTS

In vitro antiviral activity. The in vitro eftects of ribavirin
on both strains of PTV are summarized in Table 1. Against
the Adames strain of PTV. inhibitory effects (virus rating
and TDH were maximal in LLC-MK, cells. In LLC-MK.,
cells. reductions of 2.7 log,,, units in the Adames virus strain
vield and 1.0 log,,, units in the Balliet virus strain vield were
demonstrated at the MTD. The MTDs. as determined by
microscopic examination of the ¢ells. vaned trom 3.2 to 42
pg/ml. depending on the cell line. A follow-up MTD. deter-

TABLE 1. Inhibitory effects of ribavirm against PTV in vitro

PTV virus

o . LD, MTD VIR at
\“:'c':ll'mi VR (ug mh” tug mir n MID
Adames
MA-104 1.0 hR) 2 0.14 \NDY
LMK, 1.3, 1.3 9K, 34 3210329 33 28 27
Vero 0.9 7% KM 0.4 \ND
Ballict
FLOMK. 13 s 10 032%) 2 1.0

©VRLVIrus rating.

" F Dy, SO effective dose,

©Determined as the manimum dose causing no microscopicatly discermible
oy totonie effects.

ST OMTD S elfectne dose.

© VTR. Virus titer redaction: deternmined by assaving triphcate samples of
supernatants from MTD-reated intected cells n 1 LC-MKL cells,

ND. Not done.

CMTDL as determined by viable celf count 6 davs after drug exposare
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mined in LLC-MK, cells by using viable cell count, was 32
pg/ml.

Development of PTV infection in mice. Virus titers devel-
oped relatively rapidly. reaching maximum titers by day 2
post-virus inoculation (Fig. 1). The virus titers in serum were
higher than those in the liver, with maximum serum dilutions
containing infectious virus titers of =10 *7, compared with
maximum infectious dilutions of liver homogenate of 10 7.
In the antiviral experiments, however, the liver virus titers
often exceeded this level. Hepatic icterus or jaundice
achieved peak discoloration scores of >3.5 by infection day
4. The SGOT. SGPT. and BN levels. all of which usually
provide evidence of severe liver damage when suitably
elevated (3). also reached maximal levels by days 3 to 4.
declining rather precipitously after this time (Fig. 1). The BN
levels appeared to peak on day 4 after virus exposure. and
were so variable (standard error. =2 1o 3 mg/100 ml) that the
mean BN levels appeared to rise again toward the 19-day
postinfection period.

The PTV infection was lethal to 60% of concurrently
infected mice that were held for the duration of the study:
there was a mean survival time of 4.6 days in those mice.
Thus. mice sampled after approximately day 8 may have
been taken from a selected population of survivors. and the
data at these later sampling times may not be reflective of the
true picture of the discase.

Effects of twice daily s.c. treatments. When ribavirin was
administered twice daily for § days. beginning 4 h pre-virus
inoculation (Table 2). all infected animals treated with the
four ribavirin dosages survived the experiment: there was
607 survival among the virus controls. Anti-PTV activity
was also seen as inhibition of mean liver score and reduc-
tions in SGOT and SGPT levels and virus titer in the liver,
The experiment was repeated. but treatment was delaved

4 A
e
g 3
»n
s
2
S 2
[
]
=
14
1000 -
[+
800 1
€€
%E 600 <+ SGOT
gg © SGPT
““'Z’, 400+
200
0.
0 5 10 15 2

Days Post-Virus Inoculation
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until 24 or 36 h post-virus inoculation. All ribavirin-treated
animals survived the infection. and significant inhibition of
hepatic icterus and reductions in SGOT and SGPT levels
were again seen (data not shown). The delayed therapy did
not affect the mean PTV titers in the livers of the mice. with
one exception, At the 75-mg/kg per day dose. which was
begun 36 h post-virus inoculation. a 1.9 log,, (P - 0.01)
reduction was seen. Results of this experiment indicate that
ribavirin administered s.c. is effective when administered
prophylactically as well as therapeutically to mice infected
with the Adames strain of PTV,

TI determination. The TV of ribuvirin administered s.c.
was determined by treating PTV-infected mice with ribavirin
twice daily for 7 days beginning 4 h pre-virus inoculation.
Ribavirin doses varied twotold. from 150 to 0.6 mg/kg per
day. In this experiment. 10 infected mice were used for cach
drug dose. and 20 animals were used as virus controls:
increases in the number of survivors and in the mecan
survival time were used as parameters of antivirul activity.
Toxicity and normal controls were again run in parallel. The
results (Table 3) indicated that the compound was effective
at levels as low as 4.7 mg/kg per day. Since the 150-mg/kg
per day dose level was lethally toxic. 75 mg/kg per day was
considered the MTD. although some inhibition of weight
gain was seen at lower levels. By using the MTD as it was
defined. a Tl of 16 was determined. The PTV challenge in
this experiment was somewhat more severe than that seenin
the s.c. treatment experiments described above., with 957 of
the virus control animals dying during the experiment.

Effect of single s.c. ribavirin treatments. An experiment
was run in which 700, 350. or 125 mg of ribavirin per kg was
administered s.c. in single treatments to PTV-infected mice.
In separate but parallel experiments. the dose was adminis-
tered 4, 12, 24, 48, 72, or 96 h post-virus inoculation. The

o
1

© Serum
% Liver

Mean Virus Titer
(log,o CCID50/ml)
F-N

N

c 4 4
i
®
£S o)
5
S§E 21
(3]
1 4
0 L Znt e B S B SuE B B N S SER S BR SN BN BN
0 5 10 15 20

Days Post-Virus Inoculstion

FIG. 1. Development of PTV infection in mice 1+ standard error). (A) Liver icterus: (B) virus titers in <erury snd liver: (0 SOOT nad
SGPT: (1) serum total BN, Abbrevistions, 51U, Sigina-Foacuhel, CCID . coit ctiiaiie M 0 e tivus dose,
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TABLE 2. Effect of s.c. administered ribavirin on PI'V infections in mice”

Tonicity control

Inlected, treated

Dose
img kg No. of No. of . Mcan hiver
pcrlzj;.t. NTRY ISR ;hHu:::::. \(\;),, SUTVIvors \111:1:? “:]":::\"'ﬂ M:'::‘“]:'\,ﬂ Mean SGOT Mean SGPT VIFUs iter
total no. § total no. : Hog,)
75 §'s 0.4 oy 2107 0.9 215 48 0.0
37.5 hE 0.2 8/10 9.0 0.9* 248 49" .6/
18.8 58 6 10:20' -21.0¢ 1.0¢ 271 37¢ 0.3
94 AN 1.0 101 210 1.4 728 282 (I
0 12,20 6.4 2.7 7.022 S.459 1.7
Normal 55 0.9 0.6 234 21 0.0

“ Twice daily Tor 8 days. beginming 4 h pre-virus inoculation.

" Ditference between initial weight prior to treatment and weight at 18 b following final veatment.
© Mice that died before day 210 Scores of O (normal) to 4 cmaimam gaundice? were assigned 1o livers,

4 Mean hiver score of mice killed oninfection day S.
© Sigma-Fraenkel units per millibter in serum taken on day S,
! > S
P 005,
P00l

results showed that ribavirin is highly effective (1007 survi-
vors) at all doses used. when administered as late as 24 h
post-virus inoculation, Treatment at 48 h post-virus inocu-
lation was effective at 350- and 175-mg/kg doses. but the later
single treatments resulted in essentially no significant in-
crease in survivor number or in mean survival time.

Effect of oral ribavirin treatment. The cficct of per os (p.o.)
ribavirin administration to PTV-infected mice was deter-
mined (Table 4). Ribavirin was administered twice daily for
5 days and began 4 h pre-virus inoculation, 4 h post-virus
inoculation. or 24 h post-virus inoculation: and doses were
given in twofold increments from 3.2 to 100 mg/kg per day to
determine the TT for cach treatment period. Ribavirin was
highly effective when used p.o. at cach treatment time: the
MTD was considered to be 100 mg/kg per day. and the
minimum cffective dose was approximately 6.3 mg/kg per
day at cach treatment initiation time. The TI for this p.o.
treatment route was thus calculated to be approximately 16.
which was the same as that for the s.c. treatment route.

Effect against intracerebral infections. Two experiments
were run to determine whether ribavirin administered s.c.
twice daily for 9 days beginning 36 h pre-virus inoculation
would affeet the Balliet strain of PTV infection induced by
intracerebral (i.c.) inoculation into S-week-old mice (weight.
15 to 18 g). Fwo virus inocula, 1 and 10 S0% lethal doscs
(L.Ds). were used in the experiments. At the 1 LD, virus
inoculum. 9 of 20 (4577) of the virus control mice survived
the infection, with a mean survival time of 12.6 days. At the
higher virus dose. 1 of 20 (5%¢) of the virus control mice
survived. with a mean survival time of 11.9 days. Brains
removed from the virus controls infected with 1 LD, on
infection day 6 had a mean titer of 10° * infectious particles
per ml: the brains from mice that received the higher virus
inoculum had a mean titer of 10° 7 infectious particles per ml.
Ribavirin treatment had no perceivable inhibitory etfect on
the infection of animals that reccived cither virus inoculum.
The 9-day treatment at the 75-mg/kg per day ribavirin dose
resulted in a 0.5-g weight loss during the treatment petiod,
compared with a (.5-g weight gain in normal controls.
indicating that the dose was the approximate MTD.

Influence of PTV dase on antiviral activity of ribavirin. To
determine the influcnce of virus dose on the in vivo anti-PTV
activity of ribuviring ribavirin usca at Joses of 75, 37,5, 18.8,
and 9.4 mg/kg per day was wdministered twice a day for 7
days. beginning 4 h pre-virus inociiation to fonre coparnte
groups of mice. Lach group reccived 10-fold incrcasing

doses of the Adames strain of PTV administered s.¢. Effects
of treatment on the total number of survivors and on the
mean survival time were determined for cach group. At
ribavirin doses of 18.8 10 75 mg/kg per day. marked eflicacy
was seen. with 80 to 100% survivors in the ribavirin-treated
groups compared with § to 20% survivors in cach of the
placebo-treated controls (survivors in virus controls were as
follows: 0.1 LDg,. 15%: 1 LDq,. 1570 10 LDg,. 5% 100
LD¢,. 20%). However, at a ribavirin dosc of 9.4 mg kg per
day. which was considered to approach the minimum cffec-
tive dose level. the ribavirin activity declined with increasing
virus dose (Fig. 2). with no significant increase in survivors
occtrring at the 100 LD, PTV dose.

DISCUSSION

Ribavirin was previously found to be inhibitory to the
related Rift Valley fever virus infection in vitro and in mice
(24). Huggins ¢t al. (X) initially reported preliminary studies
on the effect of ribavirin on PTV infections in hamsters.
They found that 100 mg of the drug per kg per day.
administered by an undefined route from days 0 through 4.
resulted in an 807¢ increase in survivors, In that study.

TABLE 3. Tl determination of s.¢. ribavirin treatment
on PTV infections”

Tonicity control mice Infected treated mice

Dose
img kg No. of Haost wt No. of Meun
per dayy UV OrS change SUPVR O survival ime
total no. " total no, iy s
150 15 1.5 1010 210
78 A 1.4 1010 210
RV AN 1.1 10 10 20
18.8 S5 1.4 9 10 20.0
9.4 A 1.6 4 1 s
4.7 §s 1.1 710 6.4
2.5 AN 1.8 010 hR ]
1.2 A 23 110 S.6
6 hIN 24 110 49
0 120 4.8

*Twiee darly for 7 dav s, beginming 4 b pre-virns moculation,
" Diiference between imitial weight and weight at 18 h followimg tinal
treatment tnormal control weight change, 2.7 ¢)
© Mean sunvival ume of mace that died betore day 21,
VAT T
P 008,
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TABLE 4. Effect of orally administered ribavirin on PTV infections in mice*
Treatment beginning:
lrl::\:g 4 h pre-virus ioculation 4 h post-virus inoculation 24 h post-virus inoculation
per day) No. of survivors Mean liver No. of survivors Mean hiver No. of survivors Meun Iiner
total no. ore total no. soore total no. COre
U 1010 0.2 10-14r 0.4 1010 0%
S0 1071y 0.3 10 10 0.3 10°10° 3.0
28 10° 10 1. 10/10¢ 1. 707 0K
12.5 71y 28 6107 1. S10 3
6.3 210 28 91 2.7 7107 R
K 6107 31 410 39 S10 3.2
1] S 20 3.2 S0 2 520 32

* Treatments were twice daily for 8 days.

" Toxigity control price at the 100-mg kg per day dose survised but gained only 1.8 g compared with a 3.4-g weight gam i normad controls,

CPonl
R SRR KIRR

ribavirin, used at 25 mg/kg per day. the only other dose used.
was essentially inactive. Results of the present study extend
and amplify the findings of Huggins ¢t al. (8). which show
that ribavirin is effective against PTV both in vitro and in
experimentally infected mice. The in vitro data also confirm
an carlier observation (7) that the antiviral activity of riba-
virin may be somewhat cell dependent.

Activity against PTV was scen when the drug was admin-
istered p.o. as well as s.c. This activity correlated well with
that observed in other studies. in which ribavirin was well
absorbed orally (2) and reached high levels in the liver (4).
which appears to be the principal target of the Adames strain
of PTV. The drug was wholly ineffective against the i.c.
administered Balliet strain of PTV. a result that again
correlates with observations in which minimal amounts of
ribavirin were found in the brains of treated animals (4). The
compound has been reported to be similarly ineffective
against i.c. infections in mice induced by herpesvirus types 1
and 2(17). Semliki Forest virus, Western equine encephalitis
virus. or neurotropic influenza virus (21).

We attempted to increase levels of the drug in the brain by
beginning treatment of the i.c. infected animals 36 h pre-
virus inoculation. This pretreatment was not effective. how-
ever. Two doses of the Balliet strain of PTV were used. one
being the approximate LDy, to determine whether reduction

1009
90 4

80 P<o.0t P<0.01

701
60
50 1

Increase in
survivors (%)

40 1 P<0.08

30 1
201
10

0

P»0.05

0.1 1.0 10 100
Virus dose (LD50)
FI1G. 2. Influence of PTV dose on in vivo antiviral efficacy of
ribavirin (9.t mg/kg per day. administered s c. twice daily for 7 dayvs
beginning 4 h pre-virus inoculat; -0’

of the initial viral load would improve the efficacy of ribavi-
rin. No activity was seen at cither virus level. which we
conclude was a result of the failure of the drug to achieve
adequate concentrations in the brains of the animals. espe-
cially since the Balliet strain of PTV was markedly sensitive
to ribavirin in vitro. This failure to inhibit the infection
induced by the i.c. inoculated virus is probably of minor
importance. since human infections with phleboviruses do
not usually result in encephalitis. except in rare instances
with Rift Valley fever (9) and. possibly. Toscana viruses
(25).

The peripheral infection of susceptible strains of mice with
the Adames strain of PTV has been reported previously
(Pifat and Smith. in press: Pifat Ph.D. dissertation) to cause
severe necrotizing hepatitis, with viral antigen restricted
almost exclusively to the liver. Viremia developed to maxi-
mal levels between 24 and 48 h postinfection and began to
decline by 4 days postinfection. The disease development
shown in the present study correlates well with these carlier
findings and extends observations of the discase to include
development of high SGOT. SGPT. and BN levelsin the sera
of infected mice. Elevations in transaminase activities are
usually associated with necrosis of hepatic parenchymal
cells, as well as destruction of certain other tissues. resulting
in leakage of the enzymes into the blood (3). Increased
amounts of BN in the blood reflects a lack of clearance of
this bile pigment from the liver due to hepatic dyvsfunction or
excessive erythrocyte hemolvsis (3). The wide BN variation
seen in this study may have been a result of the excessive
crythrocyte hemolysis that occurred in the process of re-
moving and separating the blood.

The activity of ribavirin against this principally hepatic
discase that is induced by an RNA virus matches closely
previous reports of the inhibitory eftects of the compound
against hepatic discases in mice induced by murine hepatitis
(19}, Rift Valley fever (24), and Friend leukemia (16) virusces.
It is also significant that ribavirin has proven effective
against type A (infectious) hepatitis in a number of con-
trolled chinical trials (21).

‘The mechanism of action of ribavirin against PTV has not
yet been determined. The effects of the compound have
often been considered multifaceted (22): the $'-monophos-
phate metabolite of ribavirin is inhibitory 10 IMP dehydro-
genase, leading to inhibition of virad nucleic acid synthesis
(for o review, see reference 21). When Venezuclan cquine
cncephalitis replicates in the presence of ribavirin, the virus
appears 1o Jack an isolable cap structure. and the viral
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mRNA translates at a very ineflicient rate (1), The com-
pound may also interfere with mRNA translation. possibly
by being incorporated into the mRNA cup (§5). Pitut and
Smith (in press) have shown that interferon plays a pivotal

role in the control of PTV infections of mice: high titers of

interferon in serum were shown in PTV-challenged mice by
days 2 to 3 after infection. Ribavirin, in conjunction with
interferon, could delay viral synthesis in the animal for a
sufficient period of time to enable other immune mechanisms
to clear the virus from the animal.

The significant anti-PTV eftects of ribavirin, which were
seen even when drug administration was delayed until the
infection was well established. when treatment was by p.o.
as well as by s.¢c. routes, and with a refatively high TI.
suggest that this triazole nucleoside has possible practical
use as a therapeutic agent for (reating severe Plichovirus
infections.
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