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19. ABSTRACT 

o?01 P;0- ^06 3 days beginning 24 hr after virus inoculation and AVS1761 
fnh!no n«e*h ?h24 ^ ^^ P°st*virus ,noculation was not effective in either decreasing toxicity of AVSOi or in 
Iv¿i .n9H âlloTÀ** ? u 'Ca<2 0i e'ther comP°und gainst PTV infections in mice. Effect of a Combinati. , of 
AVS01 and AVS2149 on In Vivo Punta Toro Vlrua Infactions: AVS01 administered p.o. to PTV-infected mice iwice 
daily for 3 days starting 24 hr after virus inoculation was rendered less lethally toxic and its anti-PTV effects were increased 
m a s; nergistic fash.on when the infected mice were also treated with AVS2149 in a single i.p. inject.o7 hr pnoMo 
ribavmn treatment. Studla. on lnt.rf.ron Induction by AVS2149 in Punt. Toro Vlrus-lnfactad Mica: Mice inféc ed 

ñniw Tft n n If 2 of AVS2149 (5 and 0.6 mg/kg/day) using 4 treatment schedules Once 
4¾ ^ hr pos!*viriJs inoculation, once daily for 5 days beginning 4 hr pre-virus inoculation, twice daily for 5 days beginning 

ínhrpPnniw lafo'^ih 310!0, f00 0«ther ^ f°r 3 ,reatments beginning 4 hr post-virus inoculation. In the mice ?reated 
S nil rrln 4 f, Jil®?'00; * s'9n','cant IFN induction greater than seen in infected animals or in uninfected, treated 
in Sph tSnmnî t? ,reatment ,and nersisted foi 24 h'. In all other studies, less IFN was seen in the serum of PTV- 
i nni LnH tí >1 í Í 10C«uLred m ,jnin,ected-trea,ed anima|s- In addition, a definite hyporeactive state occurred in 
rnndiií Î r d V ?d Spacm9 th® ,rea,ment ,0 every oth®r day Partially alleviated this hyporeactive 
n?Í ir.r*A^Ct>m^ #On*wIi^#r,#r0n lnductlon ln C57BL/6 Mica by a Sarlaa of AVS1761 Derivatives A senes 
r«î7wy/iCm>0derTif IV|Iki aVS5588-AVS5596, were compared with regard to their ability to induce IFN in 3 week-old 
ívlítín The IFNioducing activity generally coincided well with their in vivo anti-PTV effects, although som* 

mductlon brivsSMT cí® ÍTTt P0SitiVe Sta?dard' iVÄ?1c761- 9xerted the s,rong IFN inductl0n expected. Interferon 
imotmLn. b»y AVS?587^c-â-?9i® °r wo i p' mlectic<lá of AVS5587 induced significant IFN titers as early as 1 hr after 
aherTnal trMtmin? ^ m'c®'. JJ® mul,|Ple injections resulted in a prolonged IFN titer in the serum, through 12 hr 
AVS227fi nnf A^2276 «"d AVS2285 on Sarum Intarfaron Induction in C57BL/6 Mice: Neither 
a wpi OH /! ,nduced Significan, quantities of detectable IFN within a 24 hr period after p.o. administration into 
3 week-old C57BL/6 mice. Reversal of the Anti-PTV Effect, of AVS5587 by Treatment with Anti-Interferon 
îimSn ^h®'mmun°modulator AVS5587 has therapeutic potential against PTV infections. The anti-PTV activity was 
foiT f nd / c?nco^,,am fberapy with anti-IFN o/ß antibody, indicating tho rapid IFN induction by AVS5587 plays a major 

Treatmem o! a!!L« n« E!,#HCt* 01 HuKman Jnt*rl»uk|n-2 (AVS5079) on PTV Infections in C57BL/6 Mice: 
.nhlhtmí r^Líríínt PTV nieC,ce2 m,ce Wl,h 12|50° and lower units of AVS5079 resulted in significant disease 
S 3h ® ^as' p- 9d x.5 beginning 4 hr after PTV inoculation; assays for IFN production in the mice and for NK 

termmal!,0!?, the ,inal tfeatment, showed no IFN produced, and an increased NK cell activation 
^lcf ,bu? a decjr9ased Ml, cell activation in uninfected, treated mice. The latter data suggest a possible 

Natural Kill« A reim /«u?®1' C? Sln01* i p- Tr•a,m•n, with AVS5079 on Interferon Induction and 
!^ ' P inÍections with AVS5079 significantly stimulated NK cell activity 

trpafZiii6 S? \5 ^ if/? 2 hr af,ertreatment- Serum IFN was not detected in these animals at 15 min, 2 hr or 24 hr alter 
Patïï w th aÄ AÜ51ÍIÍ 0n í,#r,*ron and lntarlaukln-2 Induction in C57BL/6 Mice: Splenccytes from mice 

«/acproduced S|gn|f'cant quantities of IL-2 when assayed 1 and 4 hrs after p.o. treatment No serum IFN 

: L oe e„,erde^, íeuS,e aSinialS ,E,,fCt 0f AVS1761> 1968> 2933> and 4726 on Interferon and lnterleukin-2 
Induction in C57BU6 Mica: Splenocytes from mice treated with AVS19G8 reduced significant quantities of IL-2 when 

and 4 V AvaS2q3? inHatAvS!i7Î,fiN WaS 06,60,60 'n serum at 24 hr AVS17F1 inducea significant quantities of IL-2 at 1 
aHm í Ír' AVS2933 aní AV'S4726 were inaCtive. A Measurement of AVSOI Toxicity Using Pulse Oximetry AV301 
aÍTJ ínred ', p-tWICe aia3f f2r 5 days in doses of 800 and 1200 mg/kg/day was lethally toxic to 4 week-old BALB/c mice 
ixvaen smumt?P?r?qanoo/ïeHt,mie ^death' whÍc1h was ^"buted to excessive hemorrhaging in the gut, their arterial 
oxygen saturatic.i (Sa°2%) declined appreciably. Effects of Punta Toro virus on Macromoiecuiar Synthesis of 
cells: Punta loro virus infection appeared to significantly inhibit DNA, RNA and protein syn hesis from 16-24 hours post 

rmaThnninocT 8yntheSiS' 38 f®®^ ^ uptake, remains perturbed throughout PTV inf e?iîon 
om 8 48 hours post virus exposure. In addition, PTV seems to enhance macromoiecuiar synthesis 1 hour post exposure 

o viraf indu^edítimiSa nn ^ ef,,?C,tS 3,6 ^ 3CtUal s,imula,ion or depression of macromoiecuiar synthesis due 
òermlStílc cSl hi h b T °lc®llular en7^ ies',0 viral-induced enzymes, or to an in,,ease or decrease in cell 
p6,h Avïïlfl? ¿ clof /^11069' R#ductlon of AVS01 Toxicity by Treatment with AVS5587 in Mice: Treatment 
MrticuyarN5i?mp Avl?¿5I?«lmiC6 receivm9 le,hal tox¡c doses of AVS01 prevented the usual deaths of the mice 
SírÂÂ AV?558.7 th6rapy ,waf 9lven 3 days & ;er start of AVSOI therapy. Delaying AVS5587 therapy to 4 or 5 

AVSOi dthmínu SSiíXI2 y F6mal6 mice ,rea,ed in a similar manner r®sponded in an erratic fashion to 
,7,ïh Slhl® dpy' of AVS01 Tox,city by Treatment with AVS2776 In Mice: Treatment of C57BL/6 mice 

beiní'ppííman6« 800-12°°h m9/Äi 01AVS01 ,or 3 5*day period’results in dea,h of the mice, the mean day to death 
being less than 8 days. When AVS2776 is administered to these mice in a single oral treatment 3 days after start ol 

5bdalT h1fS;JÍima/tSigni!,Cantly freV6nt the usual nbavirin-associated death. If AVS2776 treatment ^delayed to 4 or 
AVS20fi iac mneri8f« 01 t0xici,y was less pronounced. Comparison of AVS206 Toxicity in BALB/c and C57BL 6 Mice: 
AVUS208 was 4m°re toxic to weanling BALB/c mice than to weanling C57BL/6 mice when administered i p. twice daily tor 5 

and accpôfÎH , 'r11,00*1 01 7 presen,a,ions hav® been made and six papers have been submitted 
and accepted to scientific journals for publication this year. 



SUMMARY 

1. Approximate LDtw values were obtained in 3-4 week-old C57BL/6 mice or 4-5 week- 
old Swiss Webster mice for 37 AVS compounds. 

2. Overview of In Vivo Anti-Punta Toro Virus Activity of AVS Compounds: Summary of 
rive Yea s' resting. 

3. A total of 64 anti-PTV experiments were run with 25 AVS compounds using the 
Auames strain of PTV. Promising compounds included AVS65, 79 m 272 347 1761 
1968, 2276 2285, 2812, and 5311. 

* * total o* 16 AVS compounds were evaluated against the CNS infection induced by 
the Balliet strain of PTV. Compounds AVS6080 and 6082 were considered moderately 
effective. The majonty of the compounds evaluated were Pharmatek-prepared compounds 
designed for delivery to the brain. 

5. Mice infected with PTV rapidly developed a viremia with virus titers exceeding 106 
being recovered from placebo-treated mice by 2 days after virus inoculation. Virus was similarly 
recovered 1 :om livers, lungs, spleens, kidneys, mesenteric lymph nodes, spinal cord, and 
brains from theso sama ¿mimais at abou* tha sama tima pariods as viral racovary from the 
serum. White blood cells declined in number with the development of the infection and 
hepatic icterus increased concomita1 itly, together with 3GOT and SGPT levels. A single p o 
treatment given 24 hr post-virus inoculation with LD50/16 dosages of AVS01, 02, or 206 
prevented the PTV-associated death ot the mice and significantly lowered the already 
developing viral titers in the blood and all tissues. In this experiment, AVS01 was least 
effective in keeping the virus below detectable limits. AVS206 was consistently most 
effective. 

® Hi® comfc)ination of AVS01 (ribavirin) and AVS5587 (7-thia-8-oxoguanosine) was used 
a?A wllr, ,nfec,ions in mice- A definite synergy of antiviral effect was seen. In addition, use 
of AVS5587 with a usually lethal dose of ribavirin reduced the ribavirin toxicity. 

« Treatment with the combination of AVS01 administered p.o. twice daily for 3 days 
beginning 24 hr after virus inoculation and AVS1761 administered i.p. 24 and 72 hr post-virus 
inoculation was not effective in either decreas.ng toxicity of AVS01 or in enhancing the 
therapeutic efficacy of either compound against PTV infections in mice. 

r,A u® AVS01 (ribavirin) administered p.o. to PTV-infected mice twice daily for 3 days starting 
24 hr a'ter virus inoculation was rendered less lethally toxic and its anti-PTV effects were 
increased in a synergistic fashion when the infected mice were also treated with AVS2149 
(amplipen) in a single i.p. injection 1 hr prior to ribavirin treatment. 

/..9 ..MivCe 'P,ected with PTV were treated i.p. with 2 concentrations of AVS2149 (5 and 0 6 
mg/kg/day) using 4 treatment schedules: Oni a only 48 hr post-virus inoculation, once daily for 
5 days beginning 4 hr pre-virus inoculation, twice daily for 5 days beginning 4 hr pre-virus 
inoculation, and every other day for 3 treatments beginning 4 hr post-virus inoculation. In the 
mice treated once only late in the infection, a significant !FN induction greater than seen in 
infected animal8 or in uninfected, treated mice, occurred 4 hr after treatment and persisted for 
24 hr. Ih all other studies, less lcT- vas seen in the serum of PTV-infected, treated mice than 
occurred in uninfected, treated .mmals. In addition, a definite hyporeactive state occurred in 
the once and twice daily treked mice; spacing the treatment to every other day partially 
alleviated this hyporeactive condition. 

* 10- uA„serie? of P0^ ,c!-c derivatives, AVS5588-AVS5596, were compared with regard 
to their ability to induce IFN in 3 week-old C57BL/6 mice. The IFN-inducing activity generally 
coincided well w :h their in vivo anti-PTV effects, although some exceptions weie noted The 
known portiv* standard, poly ICLC (AVS1761) exerted the strong IFN induction expected. 

11. Single or two i.p. injections of AVS5587 induced significant IFN titers as early as 1 hr 
aiter treatment of weanling C57BL/6 mice. The r jltiple injections resulted in a prolonged IFN 
titer in the serum, through 12 hr after final treatment. 

AVS2276 (BL-002) nor AVS2285 (BL-OIT) mduced significant quantities of 
detectaole IFN within a 24 hr period after p.o. administration into 3 week-old C57BL/6 mice. 

1 



. 1f imri]unomodulator AVS5587 (7-thia-8-oxoguanosine) has therapeutic potential 
1in ectionS- ^he anti-PTV activity was eliminated by concomitant therapy with anti- 

IFN o/ß antibody, indicating the rapid IFN induction by AVS5587 plays a major role in protecting 
the mice. 

14. Treatment of Adames PTV-infected mice wit* 12,500 and lower units of AVS5079 
(recombinant human interleukin-2) resu'ltd in significant disease inhibition. Treatment was i.p. 
qd x 5 beginning 4 hr after PTV inoculation; assays for IFN production in the mice and for NK 
cell activation, done after termination of the final treatment, showed no IFN produced and an 
increased NK cell activation in ir.iected mice but a decreased NK cell activation in uninfected, 
treated mice. The .after data suggest a possible hyporeactive state induced in the animal. 

. i-P injections with AVS5079 (human IL-2) significantly simulated NK cell 
activity in G57BL/6 mica 15 min and 2 hr aftar traatmant. Sarum IFN was not datactad in thesa 
animals at 15 min, 2 hr or 24 hr after treatment. 

16. Splenocytes from mice treated with AVS1018 produced significant quantities of IL-2 
when assayed 1 and 4 hrs after p.o. treatment. No serum IFN was detected in these animals 

17. Splenocytes from mice treated with A’'S1968 reduced significant quantities of IL-2 
when assayed 1 hr after i.p. treatment. IFN was detected in serum at 24 hr. AVSl 761 induced 
significant quantities of IL-2 at 1 and 4 hr. AVS2933 and AVS4726 were inactive. 

18. Ribavirin administered i.p. twice a day for 5 days ;n doses of 800 and 1200 mg/kg/day 
was lethally toxic to 4 week-old BALB/c mice. As the animals approached the time of death 
which was attributed to excessive hemorrhaging in the gut, their arterial oxygen saturation 
,Sa02%) declined appreciably. 

19. Punta Toro virus infection appeared to significantly inhibit DNA, RNA and protein 
synthesis from 16-24 hours post-virus exposure. DNA synthesis, as reflected by 
deoxyadenosme uptake, remains perturbed throughout PTV infection from 8-48 hours post 
virus exposure In addition, PTV seems to enhance macromolecular synthesis 1 hour post 
exposure to virus in log phase cells. Whether these effects are an actual stimulation or 
depression of macromolecular synthesis due to viral-induced stimulation or inhibition of 
cellular enzymes, to viral-induced enzymes, or to an increase or decrease in cell permeability is 
still to be determined. 

^©stment with AVS5587 of male C57BL/6 mice receiving lethal toxic doses of 
AVoOl prevented the usual deaths of the mice, particularly if the AVS5587 therapy was given 
3 da/s after start of AVS01 therapy Delaying AVS5587 therapy to 4 or 5 days reduced these 
toxicity reversal effects. Female mice treated in a similar manner responded in an erratic 
fashion to AVS01 therapy. 

2^' Treatment of C57BL/6 mice with high dosages (800-1200 mg/kg/day) of AVS01 
(ribavirin) for a 5-day period, results in death of the mice, the mean day to death being less than 
8 days. When bropirimine (AVS2776) is administered t" these mice in a single oral treatment 3 
days after start of ribavirin treatment, it may significantly prevent the usual ribavirin-associated 
d©at, , if bropirimine treatment is delayed to 4 or 5 days, this reversal of toxicity was less 
pronounced. 

22. Overall, A'/S2776 at 50 mg/kg had a weak effect in reversing the toxicity of ribavirin 
(used at 800 and 1200 mg/kg) in mice. Since only one dose of bropirimine was used one 
cannot rule out the possibility that higher doses or multiple treatments may enhance the 
activity of bropirimine in this setting as was seen in Section XXL 

23. Treatment of C57BL/6 mice with high (800-1200 mg/kg/day) of AVS01 (ribavirin) for a 
w.-day period caused an early lethal toxicity of the mice. When bropirimine .AVS2776) was 
administered to these mice in a single oral dose of 50 mg/kg, essentially no diffe'ence in 
toxicity was seen, which conflicts with earlier experiments (Sections XXI, XXII) where the lethal 
L0X A?/yo«as allevia,ed- No significant effects on SCOT, SGPT, or liver discoloration were seen 
by AVS01 treatment, although somt anemia exhibited as decline in hematocrit was observed 
by the 6th day of the study. 

24 AVS206 was more toxic to weanling BALB/c mice than to weanling C57BL/6 mice 
when administered i.p. twice daily for 5 days. 

2 



25. NIH-III mice containing the nu mutation rendering tliem athymie, the bg mutation 
reducing their NK cells, and the xid mutation reducing the number of LAK cells were assayed 
for their sensitivity to PTV; only mice infected with the least concentrated virus dilution died, 
suggesting a greater resistance to defective interfering particles. The virus will be retitrated in 
these mice. 

26: Swiss Webster mice were not satisfactorily sensitive to i.p. injection of Adames strain 
PTV, with an unacceptable number dying of the infection. 

27. The Adames strain of PTV was lethal to 4 week-old mice when injected i.c. No virus 
could be isolated from the brains of the dying animals, but could be recovered from their livers 
which also showed signs of icterus. 

28 Presentations and publications: A total of 7 presentations have been made or 
submitted as abstracts for scientific meetings this year. Six papers have been submitted and 
accepted to scientific journals for publication. One additional paper has been submitted to a 
journal and is now undergoing review. 

Avail and/or 
Diet Special 
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FOREWORD 

In conducting research using animals, the investigator(s) adhered to the “Guide for the Care 
and Use of Laboratory Animals," prepared by the Committee on Care and Use of Laboratory 
Animals of the Institute of Laboratory Animal Resources, National Research Council (NIH 
Publication No. 86-23, Revised 1985). 

Citations of commercial organizations and trade names in this report do not constitute an 
o ficial Department of the Army endorsement or approval o. the productt, or services of these 
organizations. 
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I. PRELIMINARY IN VIVO ASSESSMENT OF TOXICITY 
Introduction 

Before compounds submitted to us can be evaluated for in vivo PTV activity, information is 
needed regarding the approximate LD50 of those compounds as determined using the same 
treatment schedule to be used in the antiviral experiments. This report summarizes the LD50 data 
generated either from preliminary toxicity assessment experiments or from data derived from use 
of concomitantly run toxicity controls in actual PTV experiments. Since some compounds 
submitted to us are immune modulating materials, their most effective dose is often remote from 
he maximum tolerated dose. In such cases, we are usually instructed by USAMRIID personnel on 

the doses to use in in vivo PTV experiments and we seldom have a need to determine an LD50 
dose. Some data regarding these immunomodulating compounds are also included in this 
section, however, to provide information for others desiring to use such compounds. 
Materials and Method» 

Compounds: All compounds were submitted to us by Biological Research Faculty & Facility, 
Inc. (Rockville, MD). The compounds were weighed and dissolved or suspended in vehicles 
considered most appropriate for the compound. These vehicles were physiological saline sterile 
water for injection, or 4% carboxy methylcellulose 

C57BL/6 mice 3.4 weeks of age were obtained from simonsen Laboratories 
(Gilroy, CA). All were quarantined at least 24 hr prior to use, and maintained on Wayne Lab Blox 
mouse chöw and tap water ad libitum. They were caged in shoe box style polycarbonate cages 
with Sam-cell bedding used. All were housed 5 to a cage y 

Toxicity Assessments: Mice were injected with varying 2-fold dilutions according to the 
mdfcated treatment regimens. All were weighed immediately prior to treatment and again 18 hr 
after the final treatment to determine if normal weight gain occurred. In preliminary toxicity studies, 
the mice were held a total of 14 days. When used as parallel toxicity controls in PTV studies, the 
animals were held a total of 21 days. Five mice were used at each dosage level. The volume 
administered was 0.01 ml/g of body weight. Parameters for evaluation included weight change, 
obvious signs of distress such as diarrhea, prostration, or tremors, and death, which was noted 
daily. The LD50 dose was calculated by the Reed-Muench method (1), 

Results and Discussion 

The toxicity determinations, expressed as LD50 values, are summarized in Table 1-1. Data on 
7 ^omP°un^s are shown. In some cases “>" values are shown because we as yet have not 
achieved a lethal dose and we had insufficient compound to use higher dosages. Values shown 
as - were estimated based on the observation that slightly lower doses were lethal, but to less 
man 50% or the animals, or treatment with ‘he lower dose caused marked weight loss in the 
animals, suggesting the MTD dose had essentially been reached. 

Conclusions 

Approximate LD50 values were obtained in 3-4 week-old C57BL/6 mice or 4-5 week-old 
Swiss Webster mice for 37 AVS compounds. 
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Table A-1. Preliminary Toxicity Evaluations of AVS Compounds» 

Compound 
• ¿AVS No.) 

65 

79 

147 

253 

272 

347 

# 1018 

1968 

• 2563 

2605 

2812 

Name 
Formycin B 

9-ß-D-ribofuranosylpurine- 
6-thiocarboximide 

Enviroxime 

Selenazofurin 

3-Deazaguanine 

Phyllanthoside 

Phenyleneamine 

CL246.738 

Lycorine 

“Compound C” 

Narciclasine 

2885 3-T-butyl-1-adamantyl thiourea 

3679 Unidentified 

4071 Ribavirin methylamidate 

4206 3-Acetamido*7-amino-6-methyl- 
7H-S-triazolo[5,1 -C]-S-triazole 

4272 Unidentified 

4273 Unidentified 

4588 1-Aminoadenosinium 
mesitylene-sulfonate 

Treatment 
Schedule 

bid X 5 
tid X 5 
tid X 5 

tid X 5 

tid X 5 
bid X 5 

qd X 5 
bid X 5 

bid X 5 

bid X 5 
bid X 5 

once only 
e 4 days x 3 
once only 

e 4 days x 3 
once only 

bid x 5 

bid x 5 

bid x 5 
bid x 5 
qd x 5 
qd x 5 

bid x 5 
bid x 5 

bid x 5 

bid x 5 

bid x 5 
bid x 5 

bid x 5 
bid x 5 
bid x 5 

once only 

bid x 5 
once only 

bid x 5 
bid x 5 

Treatment Approximate 
BflUte LD50 (mo/ko/davl 

s.c. >500 
S.c. -700 
i.p. -700 

i-P- 

s.c. 
s.c. 

i.p. 
i.p. 

s.c. 

s.c. 
s.c. 

p.o. 
p.o. 
p.o. 

p.o. 
p.o. 

s.c. 

s.c. 

s.c. 
i.p. 
s.c. 
i.p. 

i.p. 
s.c. 

s.c. 

s.c. 

225 

>500 
>500 

-1200 
-1200 

375 

90 
>100 

>12.5 
>12.5 
-50b 

>100 
~200b 

>75 

>220 

4.7 
-5.0 
6.5 
-5.0 

-800 
>400 

>400 

>500 

S.C. 

i.p. 

i.p. 
s.c. 
p.o. 
i.p. 

>400 
>600 

-16 
-50 
-150 
-15 

s.c. -100 
i.p. -250 

S.c. >400 
i.p. >600 
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w Compound 
(AYS No.) 

4618 

4796 

• 4855 

5058 

6081 

• 6082 

6083 

6290 

6291 

6292 

6296 

6297 

# 6299 

6300 

Name 

Unidentified 

Streptinidone 

3-Amino-L-tyrosine 

Methyl carboxamide of AVS206 

Pharmatec compound 

Pharmatec compound 

Pharmatec compound 

Pharmatec compound 

Pharmatec compound 

Pharmatec compound 

Pharmatec compound 

Pharmatec compound 

Pharmatec compound 

Pharmatec compound 

6334 

6337 

6417 

6477 

6501 

Unidentified 

Unidentified 

Unidentified 

Unidentified 

Unidentified 

a10-13 g C57BU6 mice. 

b15-17 g C57BL/6 mice. 

Treatment Treatment Approximate 
Schedule Route LD50 (mo/kg/da^ 

bid X 5 s.c. >400 

bid X 5 s.c. >300c 

bid X 5 s.c. >500 

bid X 5 s.c. >500 

qdx5 i.v. (days 1,3,5) 
i.p. (days 2,4) ~33 

qd X 5 i.v. (days 1,3,5) 
i.p. (days 2,4) ~104 

qd X 5 i.v. (days 1,3,5) 
i.p. (days 2,4) ~33 

qd X 5 i.v. (days 1,3,5) 
i.p. (days 2,4) 158 

qd X 5 i.v. (days 1.3,5) 
i.p. (day? 2,4) -104 

qd X 5 i.v. (days 1,3,5) 
i.p. (days 2,4) -104 

qd X 5 i.v. (days 1,3,5) 
i.p. (days 2,4) 104 

qdx5 i.v. (days 1,3,5) 
i.p. (days 2,4) 32 

qdx5 i.v. (days 1,3,5) 
i.p. (days 2,4) 158 

qdx5 i.v. (days 1,3,5) 
i.p. (days 2,4) 104 

bid X 5 i.p. >250 

bid X 5 i.p. -350 

bid X 5 i.p. 188 

bid X 5 i.p. >100 

bid X 5 i.p._>250 

cThis compound did not readily go into solution, so the LD50 data are suspect. It became 
a taffy-like mass in saline; this partially dissolved in 0.6 ml MeOH. Addition of DMSO did 
not appear to help. 
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II. OVERVIEW OF IN VIVO ANTI-PUNT A TORO VIRUS ACTIVITY OF AVS 
COMPOUNDS: SUMMARY OF FIVE YEARS' TESTING 

Introduction 

It is appropriate to summarize in tabular fashion all the in vivo work run to date against this 
virus. This table is shown in this section. All in vivo experiments, including both Adames and 
Balliet virus strains, combination studies, and special intravenous therapy studies are seen in 
Table 11-1. 

The following explains the legend for each column in the table: 

AVS If-. Number assigned to the compound by Biological Research Faculty & Facility, Inc 

Compound Name: Often an abbreviated name for the compound as provided to us The 
short version of the name is used in order to fit it into the space provided. 

Expt. It. The USU experiment number (PtA—). Every PTV in vivo experiment is numbered 
consecutively. 

Test Date: The date the experiment was begun. 

Treatmen* Schedule: The schedule used for the animal treatments, indicated in abbreviated 
form: 

bid: Twice daily, usually 8 am and 4 pm 
qd: Once daily 
tid: Three times daily 
single Once only 
qkf: Four times daily 
•od: Every other day 
beg: Beginning, with the hrs indicated pre or post-vinjs inoculation; if no time is shown, virus 

was not given to the animals 

Route: Treatment route: 
Ip: intraperitoneal 
sc: subcutaneous 
po: oral gavage 
ic: intracerebral 
Iv: intravenous. 

Dos ? Range: Range of doses of the compound used, in mg/kg/day (unless actually shown 
as ng/kc'day or units/mouse). Doses usually varied by two-fold dilution, although some 
immunomodulators were used in one-half logio increments. 

Tox. @: The lowest dose (in mg/kg/day or, if indicated, as pg/kg/day) of the compound at 
which toxicity (death of one or more toxicity control animals) was seen. If a “>" sign is indicated, no 
toxicity was seen. “All lost weight" indicates the toxicity control mice all lost weight between the 
time therapy was initiated and 18 hr after treatment was terminated. “ON TEST” indicates the 
study was not sufficiently complete to indicate actual data at the time the table was prepared 

Results: Our overall impression of the antiviral efficacy seen: 
Signjficant (P<0.05 or P<0.01) increase in survivors. 

±: Significant effect on one or more parameters other than survivors (i.e., mean survival time 
increase; decrease in liver score, SGOT, SGPT, serum virus or liver virus) without a 
significant survivor increase. 

-: No significant effects by any parameter. 
Tl: Therapeutic index (minimum toxic dose + minimum antivirally effective dose). 
?: Designation of a test in which the results were compromised by a poor control result. 
ON TEST: Experiment still underway at the time the table was prepared 

MIC: Minimum inhibitory dose, in mg/kg/day or, if indicated in Dose Range column in 
ug/kg/day or units/mouse. 



Rerr.ftrks-. 
EXPANDED: An experiment in which the infection parameters were expanded from 

survivors/total and mean survival time to include other parameters such as liver score. 
SGOT, SGPT, serum virus, liver virus, etc. 

EXPANDED ALL: An experiment in which the infection parameters were expanded from a 
regular expanded study to also include many other tissues, such as spleen lungs 
mesenteric, brains, etc. 

BALLIET: An experiment run using the Bailiet strain of PTV. All other experiments using 
the Adames strain of PTV. 

Tl: Therapeutic index determination study. 
MMF: Mode modification study (determination of effect of varying virus cha lenge inoculum 

concentration). 

COMBINATION: An experiment in which a combination of two compounds were evaluated 
REPEAT: An experiment run to repeat a previous unacceptable experiment. 
IFN: An experiment run to determine if the compound induced interferon in the animals and 

the kinetics of that induction. 

IMMUNOLOGY: Experiments in which immunological parameters other than IFN are studied 
with an immunomodulating compound. 

TERMINATED: Experiment which was stopped early because of some error in treatment or 
infection. 
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III. EFFECT OF AVS COMPOUNDS ON HEPATOTROPIC INFECTIONS IN MICE 
INDUCED BY THE ADAMES STRAIN OF PUNTA TORO VIRUS 

Introduction 

This report describes initial experiments run to determine if new AVS compounds submitted 
to us or compounds previously tested with need for further testing were active vs the 
hepatotropic PTV. The initial evaluation of potential anti-PTV compounds is usually performed 
usng death only as endpoint unless directed otherwise by our COTR. Compounds found 
positive in this initial evaluation are then retested using expanded evaluation parameters. If the 
compound is negative afte' îî.e initial evaluation, further tests using other treatment regimens mav 
be run in consultation with our COTR. 

Materials and Methods 

Virus: The Adames strain of PTV was used. This was identified as virus pool #215588 by Dr 
D. Pifat of the USAMRllD, and had been safety tested by Dr. Pifat prior to being sent to us This 
was a twice-plaque isolated virus prepared in LLC-MK2 cells. The experiments run in this fifth year 
of the project used a new, more lethally potent PTV obtained by using low multiplicity of infection 
coupled with late harvest of infected supemate as described in Section I of our Annual Report No. 

Animals: Three week-old C57BL/6 mice were obtained from Simonsen I aboiu.ories (Gilroy, 
CA). All were quarantined 24 to 48 hr prior to use and maintained on Wayne Ub Blox mouse 
chow and tap water ad libitum. Female mice were used in all antiviral experiments and caged 10 to 
a cage; males were used for toxicity controls and held 5 to a cage. 

Compounds: All compounds were submitted to us by Biological Research Faculty & Facility, 
Inc. Compounds were usually prepared one day prior to being used for the first time in an 
experiment, using the vehicle considered most appropriate. Insoluble compounds were 
subjected to 15-30 min. treatment in a sonifying water bath, warmed to 45°C, vortexed, and used 
as a suspension if a full solution was not achieved. Each was distributed to sterile injection 
bottles, sealed and stored at 4°C until used. During use, each was stored at room temperature 
unless we were advised to the contrary. 1-ß-D-Ribofuranosyl-1,2,4-triazole-3-carboxamide 
(ribavirin, AVS01) was included in each series of experiments as a known positive control. 

, Experiment Design: A total of 10 s.c.-infected mice were treated with each drug dosage, and 
20 infected mice were treated with placebo (drug vehicle) as virus controls. Five sham-infected 
mice were used in each drug dosage as toxicity controls, and 5 or 10 additional mice were used as 
normal controls. The toxicity and normal controls were held in a room separate from the infected 
area. Treatments were s.c., b.i.d. x 5 beginning 4 hr pre-virus inoculation unless another 
treatment schedule was recommended to us by the COTR or other individual acquainted with the 
material to be tested. Because of the pretreatments, the animals could not be randomized after 
virus infection, but the infection was given to each cage on a random, scattered basis in an 
attempt to randomize between cages. The animals were examined daily for death through day 21 
Toxicity and normal controls were weighed on day 0 and again 18 hr after final drug treatment to 
ascertain weight loss or failure to gain weight. Dosages ranged in 2-fold dilutions, the number of 
dosages depending on the compound and what was initially known about it. A single dose of 
nbavirin was run ;n parallel as a positive control. The anti-PTV activity of this compound was 
described previously by us (1). 

In follow-up studies to confirm initial nntiviral activity seen, or when oral therapy was 
employed, the infection parameters were extended to include reduction in hepatic icterus (liver 
score assigned a reading of 0, or normal, to 4, or maximum discoloration), serum glutamic 
oxaloacetic and pyruvic acid transaminases (SGOT, SGPT), recoverable virus from liver and from 
serum of infected animals 3 or 4 days after virus inoculation. Titration of SGOT and SGPT was 
accomplished by using colorimetric kits from Sigma Chemical Co. (St. Louis, MO) 
Spectrophotometric readings for these colorimetric assays were performed in duplicate by using a 
microplate autoreader (EL309, Bio-Tek Instruments, Inc., Winooski, UT). Livers were 
homogenized to a 10% (wt/vol) suspension prepared in minimum essential medium (MEM); liver 
homogenates and serum samples were assayed for PTV by diluting each 10-fold to a titer of 10‘5 
0.2 ml of each dilution were added to triplicate cups of LLC-MK2 cell monolayers in 96-weli 



microplates. Viral CPE was determinfid after 5 days incubation at 37°C, and 50% endpoints 
determined. 

Statistical Analysis: Increases in survivors were analyzed using chi-square analysis with 
Yates’ correction. Increases in mean survival times of mice that died on or before day 21 and 
reductions in SGOT, SGPT and PTV levels in liver or serum were evaluated using Student's / test 
Ranked sum analysis (Wilcoxon test) was used to compare inhibition of mean liver scores. 

Results and Discussion 

Tables III-1 through 111-14 show the individual experiments for all compounds evaluated 
during this report period. 

AVS65 (Formycin B) (Table 111-1-3): A previous experiment (PtA 551) showed that AVS065 
when used thrice daily for 5 days, was effective in preventing death of PTV-infected mice. This 
experiment was repeated during this report period, using expanded parameters but the 
compound was only moderately effective against the infection. In earlier reports, this material was 
also shown to have moderate efficacy using other treatment regimens. Using a twice daily s c 
treatment regimen, sjgnificant survivor increases were seen using 3 dosages of this compound; 
however, effects against other disease manifestations were not seen, suggesting a weak overall 
efficacy. The thrice daily treatment study was repeated, with higher dosages used to attain 
maximum tolerated levels. At the highest, 1000 mg/kg/day, dosage, slight anti-PTV activity was 
seen as manifested by decreased SGOT and SGPT negatives and reduced serum virus titers We 
conclude this compound's activity vs PTV is unacceptable. 

AVS79 (9-ß-D-ribofuranosyl-6-thiocarboxamide) (Table III-4): This compound has exhibited 
moderate activity against PTV infections in previous studies. In the present experiment, thrice 
daily i.p. treatments were administered to infected mice, with significant activity seen at the two 
highest dosages, this efficacy displayed using all evaluation parameters. 

AVS111 (Tiazofurin) (Table III-5): This compound was retested vs PTV per the request of our 
UOTR, using twice daily s.c. treatments, and strong activity was again seen. We have previously 
shown 2000 mg/kg/day to be the approximate MTD for this compound, so the therapeutic index 
considering 125 mg/kg/day as the minimum effective dose, is 16. 

AVS147 (Enviroxime) (Tables III-6-7): Treatments with relatively high, but well-tolerated 
doses of this compound given twice or three times daily were ineffective vs PTV infections. 

AVS272 (3-Deazaguanine) (Table III-8): We previously found (PtA 186) that twice daily s c 
treatment with this compound was essentially inactive vs PTV in mice using death as endpoint, 
although once daily treatments were relatively effective in preventing death in the mice. We were 
asked to repeat the initial twice daily s.c. experiment using expanded disease parameters to 
determine if antiviral effects exerted by the drug were more subtle. As seen in Table IN-2, 
moderate inhibition of liver score, SGOT, SGPT, and liver and serum virus were seen at the high 
dose of the compound and also at the lowest dose. This lack of the usual dose response cannot 
be explained at this point. 

AVS347 (Phyllanthoside) (Table III-9): This compound was moderately active vs the PTV 
infection in this initial evaluation, with significant efficacy seen at the highest two non-toxic dosaqe 
levels. 

AVS1018 (Phenyleneamine) (Tables 111-10-13); Single oral treatment with this Riker 
immunomodulator was effective only in slightly reducing virus titers in the PTV-infected mice 
When treatments were repeated every 4 days, however, marked anti-PTV activity was seen. This 
is especially important since few immunomodulators are active orally. It was found that delaying 
the single treatment to 24 and preferably 36 hr post-PTV inoculation, greatly enhanced the 
antiviral activity of this compound. 

AVS1761 (Poly ICLC) (Tables 111-14-15): This compound was run in parallel with a series of 
related derivatives (reported in our last Quarterly Report) to serve as a positive control. As 
expected, it was highly active using all disease parameters, with essentially the same activity seen 
in both experiments. 

AVS1968 (CL246,7f>8) (Tables 111-16-17): This immunomodulator was evaluated using oral 
therapy given a single time 4 hr pre-virus inoculation and given every 4 days for a total of 3 



treatments beginning 24 hr post-virus inoculation. Both regimens worked well with anti-PTV 
efficacy seen using all disease evaluation parameters. 

AVS2276 (Theracel no. BL-002) (Tables 111-18-19): This compound exhibited marginal 
activity vs PTV when given p.o. beginning 24 hr pre- or 4 hr post-virus inoculation. 

(Theracel no. BL-012) (Tables 111-20-21): This compound v as moderately effective 
vs PTV if therapy began prior to virus inoculation, suggesting a possiolc immunomodulator effect 

AVS2812 (Narciclasine) (Tables III-22-25): In two previous experiments, this compound had 
exhibited moderately positive anti-PTV effects using i.p. treatments once daily for five days. In 
these studies, the oral inoculum was relatively low, resulting in a less than acceptable number of 
animals dying in virus controls. The compound has been subsequently further evaluated using 
s c- an^ ' P- treatment given once or twice daily for 5 days. The data indicate this compound has a 
moderate efficacy against PTV, with s.c. treatments being more effective than i.p treatments and 
once daily therapy better than the twice daily treatments. 

AVS2885 (3-T-butyl-1 -adamantyl thiourea) (Table 111-26-28): This compound was marginally 
active vs the PTV infection at the mid-dose used. The experiment is being repeated using 
expanded parameters to confirm this initial observation. When the experiment was repeated 
using expanded parameters, weak activity was again seen, but at a lower (25 mg/kg/day) dose In 
a second experiment, the i.p. treatment route was used, with higher dosage levels No activity 
was seen, .however. 

AVS3679 (Unidentified) (Table 111-29): No effect vs PTV was seen in this initial experiment; 
since all dosages used were well tolerated, there is a need 'o repeat the experiment using higher 
dosage levels. 

AVS4206 (3-Acetamido-7-amino-6-methyl-7H-S-triazolo(5,1-C]-S-triazole) (Table 111-30-32): 
Moderate efficacy vs PTV was seen using this compound at 2 dosage levels. The experiment is 
being repeated using expanded parameters in an attempt to confirm these data When an 
expanded experiment was run, weak activity was again seen at a mid-dose. A second study used 
i.p. treatments on the same schedule and higher doses, but no activity was seen. All doses used 
were again nontoxic. 

AVS4272 (unidentified) (Table 111-33-42): Experiments with this compound yielded erratic 
results using various treatment regimens. We conclude the anti-PTV activity was marginal at best 

AVS4273 (unidentified) (Tables 111-43-49): A series of experiments run with this compound 
indicated it to have marginal or no anti-PTV activity. 

AVS4588 (1 -Aminoadenosinium mesitylene-sulfonate) (Table III-50-52): Marginal activity 
was seen using this compound at the mid-dose utilized. When the experiment was repeated, 
however, no efficacy was seen. Intraperitoneal therapy with higher doses was similarly ineffective 
but also nontoxic. 

AVS4018 (Unidentified) (Table III-53-54): Marginal activity was seen using this compound at 
its 2 lowest dosages. An attempt to confirm the results was not successful, however. 

AVS5311 (Recombinant human interferon) (Tables III-55-59): Recombinant IFN was 
evaluated vs the PTV infection using a single i.p. treatment 4 hr post-virus inoculation and 9 daily 
i.p. treatments starting the same time. While both regimens were effective, the multiple 
treatments resulted in significant disease inhibition at all dosages used, whereas only the highest 
dose was active when given a single time. Once daily IFN treatments beginning 24 hr after virus 
inoculation were significantly effective at the highest dosage used. Delaying these treatments to 
36 or 48 hr after virus inoculation greatly reduced the anti-PTV effects of this cytokine. 

AVS6334 (unidentified) (Table III-60): A single low dose of this compound significantly 
prevented deaths of PTV-infected mice. The experiment will be repeated. 

AVS6337 (unidentified) (Table 111-61): This compound was considered essentially ineffective 
vs PTV in the single experiment run with it. 

AVS6417 (unidentified) (Table III-62): This compound was ineffective vs PTV in the sinqle 
experiment run with it. 



AVS6477 (unidentified) (Table 111-63): This compound was ineffective vs PTV, but so well 
toleratod that further experiments using higher dosages may need to be considered with it. 

AVS6501 (unidentified) (Table 111-64): This compound was marginally effective vs PTV but at 
two low dosages making the data questionable. The experiment will be repeated. 

Conclusions 

• A 64 anti*PTV experiments were run with 25 AVS compounds using the Adames 
strain of PTV. Promising compounds included AVS65, 79, 111, 272, 347 1761 1968 2276 
2285, 2812, and 5311. 
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Table 111-26. Expt. PtA835. Effect of Twice Daily s.c. 
Treatment With AVS2885 on Punta Toro Virus Infections in 

Mice. 

Animals: 11.2-12.9 g (3-4 wk) C57BU6 Treatment Schedule: Twice daily x 5, 
M'ce- 4 hr pre-virus inoculation. 

Virus: Adames strain Punta Toro virus, Treatment Route: s.c. 
s.c. injected. 

Drug Diluent: 0.4% CMC Experiment Duration: 21 days. 

Compound 
AVS2885 

Ribavirin 

CMC 

Normals 

Dosage 

Img/Kq/day) 
400 
200 
100 
50 
25 

75 

Tox. Control 
Surv/ Host Wt. 

lûlâl Change (g)a 

5/5 2.8 
5/5 3.5 
5/5 2.8 
5/5 3.0 
5/5 3.3 

5/5 1.8 

5/5 3.7 

Infected. Treated 
Surv/ MSTb 

Total (davsl 

0/10 
0/10 
3/10* 
0/10 
0/10 

4.7 
4.3 
6.0* 

4.7 
4.3 

9/9** >21.0** 

0/20 4.5 

3 
Difference between initial weight at start of treatment and weight 18 hr following 
final treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS2885 (3-T-butyl-1-adamantylthiourea) was marginally active vs 
PTV at the mid-dose utilized. The compound was well tolerated at 
all dosage levels, suggesting a higher dosage may wish to be 
considered. 
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Table 111-28. Expt. PtA850. Effect of Twice Daily i.p. 
Treatment With AVS2885 on Punta Toro Virus Infections in 

Mice. 

Animals: 11.2-12.9 g (3 4 wk) C57BU6 Treatment Schedule: Twice daily x 5, 
Mice. 4 hr pre-virus inoculation, 

virus: Adames strain Punta Toro virus, Treatment Route: i.p. 
s.c. injected. 

Drug Diluent: 0.4% CMC Experiment Duration: 21 days. 

Dosage 

Compound fma/ka/dayl 

AVS2885 600 
300 
150 
75 

Ribavirin 75 

CMC 

-Tox. Control 
Surv/ Host Wt. 

Iplal Change (ç)a 

5/5 0.3 
5/5 0.4 
5/5 0.6 
5/5 1.2 

5/5 1.9 

Normals 5/5 4.0 

Infected. Treated 
Surv/ MSTb 

Total (days) 

0/10 3.3 
0/10 4.4 
0/10 4.5 
1/10 4.9 

10/10** >21.0** 

4/20 5.4 

Difference between initial weight at start of treatment and weight 18 hr following 
final treatment of toxicity control mice. 

b 
Mean survival time of mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS2885 (3-T-butyl-1-adamantyl thiourea) was not active vs PTV 
in this experiment. The compound was nontoxic at all doses used, 
but at the higher doses the animals gained less weight suggesting 
an MTD was being approached. 
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Table 111-29. Expt. PtA836. Effect of Twice Daily s.c. 
Treatment With AVS3679 on Punta Toro Virus Infections in 

Mice. 

Animals: 11.2-12.9 g (3-4 wk) C57BL/6 Treatment Schedule: Twice daily x 5, 
Mice. 4 hr pre-virus inoculation, 

virus: Adames strain Punta Toro virus, Treatment Route: s.c. 
s.c. injected. 

Drug Diluent: 0.4% CMC Experiment Duration: 21 days. 

Dosage 

Compound tmo/ko/dayl 

AVS3679 400 
200 
100 
50 
25 

-Tox. Control 
Surv/ Host Wt. 

Total Change (çh3 

5/5 3.1 
5/5 1.7 
5/5 3.1 
5/5 2.6 
5/5 2.4 

Ribavirin 75 5/5 2.3 

CMC 

Normals 5/5 4.2 

Infected. Treated 
Surv/ MSTb 

Total (davsl 

0/10 4.3 
0/10 4.4 
0/10 4.6 
0/10 4.9 
0/10 4.5 

10/10** >21.0** 

0/20 4.4 

g 
Difference between initial weight at start of treatment and weight 18 hr following 
final treatment of toxicity control mice. 

b 
Mean survival time of mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS3679 (unidentified) was inactive at all dosages used in this 
initial experiment. Since the material appeared to be well-tolerated 
at the highest dosage used, the experiment may need repeating 
using higher dosages. 
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Table 111-31. Expt. P1A851. Effect of Twice Daily i.p. 
Treatment With AVS4206 on Punta Toro Virus Infections in 

Mice. 

Animals: 10.5-11.6 g (3-4 wk) C57BL/6 Treatment Schedule: Twice daily x 5, 
... Mice- 4 hr pre-virus inoculation, 
virus: Adames strain Punta Toro virus, Treatment Route: i.p. 

s.c. injected. 
Drug Diluent: Sterile saline Experiment Duration: 21 days. 

Dosage 

SfliïlPQund tmo/ka/dayl 

AVS4206 600 
300 
150 
75 

Ribavirin 

Saline 

Normals 

75 

Surv/ 

Total 

5/5 
5/5 
5/5 
5/5 

5/5 

5/5 

Tox. Control 
Host Wt. 

Change (qja 

3.1 
3.6 
2.9 
3.7 

1.9 

4.0 

Infected. Treated 
Surv/ MSTb 

Total 

0/10 
1/10 
0/10 
0/10 

fdavs) 

5.1 
5.0 
5.2 
5.7 

10/10** >21.0** 

2/20 4.9 

g 
Difference between initial weight at start of treatment and weight 18 hr following 

final treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS4206 (3-acetamido-7-amino-6-methyl-7H-S-triazolo[5,1 -C]-S- 
triazole) was not active vs PTV in this study. The material was well 
tolerated at all doses used, however, suggesting the MTD was still 
not yet attained. 
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Table 111-32. Expt. PtA833. Effect of Twice Daily s.c. 
Treatment With AVS4206 on Punta Toro Virus Infections in 

Mice. 

Animals: 11.2-12.9 g (3-4 wk) C57BL/6 Treatment Schedule: Twice daily x 5, 
Mice. 4 hr pre-virus inoculation, 

virus: Adames strain Punta Toro virus, Treatment Route: s.c. 
s.c. injected. 

Drug Diluent: Sterile saline Experiment Duration: 21 days. 

Dosage 

Compound (ma/ko/dayl 

AVS4206 400 
200 
100 
50 
25 

Ribavirin 75 

Saline 

Normals 
3 

Difference between initial weight at start of treatment and weight 18 hr followinq 
final treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS4206 (3-acetamido-7-amino-6-methyl-7H-S-triazolo[5,1 -C]-S- 
triazole) was marginally active vs PTV at the high (400 mg/'kg/day) 
and mid (100 mg/kg/day) dosages. The compound was well 
tolerated at all dosage levels, suggesting a higher dosage may 
wish to be considered. 

-Tox. Control 
Surv/ Host Wt. 

Total Change fgV 

5/5 3.4 
5/5 2.4 
5/5 2.9 
5/5 3.2 
5/5 2.7 

5/5 1.8 

5/5 3.7 

Infected. Treatnri 
Surv/ MSTb 

Total fdavsl 

2/10* 4.9 
1/10 4.8 
3/10* 5.0 
0/10 4.9 
0/10 4.4 

9/9** >21.0** 

0/20 4.8 
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Table 111-33. Expt. PtA862. Effect of Twice Daily s.c. 
Treatment With AVS4272 on Punta Toro Virus Infections in 

Mice. 

Treatment Schedule: bid x 5, beginning, 
4 hr pre-virus inoculation. 

Treatment Route: s.c. 

Experiment Duration: 21 days 

Animals: 9.9-12.3 g (3-4 wk) 0576176 
Mice. 

Virus: Adames strain Punta Toro virus, 
s.c. injected. 

Drug Diluent: 0.4% CMC 

Dosage 

Compound imo/kq/dayl 

AVS4272 50 
25 

12.5 
6.25 
3.13 

Ribavirin 75 

CMC 

-Tox. Control 
Surv/ Host Wt. 

Total Change (g^a 

5/5 2.6 
5/5 3.1 
5/5 3.4 
5/5 3.2 
4/4 4.0 

3/3 3.2 

Normals 3/3 4.9 

Infected. Treated 
Surv/ MSTb 

Total fdavsl 

7/10 4.0 
4/10 5.2 
1/10 4.9 
4/10 5.4 
6/10 4.5 

8/8** >21.0** 

6/20 5.4 

d 
Difference between initial weight at start of treatment and weight 18 hr following 

final treatment of toxicity control mice. 
b 
Mean survival time of mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS4272 was ineffective vs PTV when administered by the 
treatment regimen indicated. The virus controls died at a less than 
satisfactory rate, so the experiment will be repeated. 
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Table 111-34. Expt. PtA863. Effect of Twice Daily Lp. 
Treatment With AVS4272 on Punta Toro Virus Infections in 

Mice. 
Animals: 9.9-12.3 g (3-4 wk) C57BL/6 

Mice. 
Virus: Adames strain Punta Toro virus, 

s.c. injected. 
Drug Diluent: 0.4% CMC 

Treatment Schedule: bid x 5, beginning, 
4 hr pre-virus inoculation. 

Treatment Route: i.p. 

Experiment Duration: 21 days. 

Dosage 

Compound (mo/ka/dayl 

AVS4272 50 
25 

12.5 
6.25 
3.13 

-Tox. Control 
Surv/ Host Wt. 

Total Change (gta 

0/5 — 
2/5 -0.6 
5/5 3.3 
4/4 3.3 
4/4 3.4 

Infected. Treated 
Surv/ MSTb 

Tota! (davst 

0/10 1.9 
0/10 3.9 
0/10 4.3 
6/10** 5.5 
5/10** 4.4 

Ribavirin 75 3/3 

CMC 

Normals_- 3/3 

3.2 

4.9 

8/8** >21.0** 

2/20 5.0 

3 
Difference between initial weight at start of treatment and weight 18 hr following 

final treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS4272 was considered effective vs PTV when administered i p 
in this study. 
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Table 111-35. Expt. PtA868. Effect of Single i.p. Treatment 
With AVS4272 on Punta Toro Virus Infections in Mice. 

Animals: 11.6-12.9 g (3-4 wk) C57BL/6 Treatment Schedule: Once only, 

... Mice- 4 hr post-virus inoculation, 
virus: Adames strain Punta Toro virus, Treatment Route: i.p. 

s.c. injected. 
Drug Diluent: 0.4% CMC Experiment Duration: 21 days. 

Dosage 

CfiJnPQUnd (ma/ka/dayl 

AVS4272 200 
100 
50 
25 

12.5 

Ribavirin 350 

CMC 

-Tox. Control 
Surv/ Host Wt. 

Ifilal Change (gV* 

1/5 -1.7 
1/5 -2.2 
1/5 1.3 
3/5 -0.1 
5/5 -0.1 

5/5 0.1 

Normals 5/5_ 0.9 

Infected. Treated 
Surv/ MSTb 

Total fdavsï 

0/10 — 

0/10 1.6 
0/10 2.1 
2/10 4.8 
5/10 5.0 

6/9 6.3 

5/20 4.8 

d 
Difference between initial weight at start of treatment and weight 18 hr following 

final treatment of toxicity control mice. 

b 
Mean survival time of mice dying on or before day 21. 

*P<0.05 “P<0.01 

Conclusions AVS4272 was moderately effective vs PTV when used at the only 
non-toxic dose in this experiment. 
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Table 111-36. Expt. PtA870. Effect of Single i.p. Treatment 
With AVS4272 on Punta Toro Virus Infections in Mice. 

Animals: 11.6-12.9 g (3-4 wk) C57BL/6 Treatment Schedule: Once only, 
Mice. 24 hr post-virus inoculation. 

Virus: Adames strain Punta Toro virus, Treatment Route: i.p. 
s.c. injected. 

Drug Diluent: 0.4% CMC Experiment Duration: 21 days. 

Dosage 
Compound (mo/ka/dayl 

AVS4272 200 
100 
50 
25 

12.5 

Tox. Control 

Ribavirin 

CMC 

Normals 

350 

Surv/ Host Wt. 

Total Change (g1a 

1/5 -1.7 
1/5 -2.2 
1/5 1.3 
3/5 -0.1 
5/5 -0.1 

5/5 0.1 

5/5 0.9 

Infected. Treated 
Surv/ MSTb 
Total 

0/1 
0/10 
0/10 
2/9 
1/10 

(davsf 

3.0 
2.7 
2.8 
4.9 
5.3 

9/9** >21.0** 

6/20 4.8 

3 
Difference between initial weight at start of treatment and weight 18 hr following 
final treatment of toxicity control mice. 

b. 
Mean survival time of mice dying on or before day 21 

*P<0.05 **P<0.01 

Conclusions: AVS4272 was not considered effective vs PTV when single i.p. 
therapy began 24 hr after virus inoculation. 
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Table 111-39. Expt. PtA875. Effect of Twice Dally p.o. 
Treatment With AVS4272 on Punta Toro Virus Infections in 

Mice. 
Animals: 11.6*12.9 g 

Mice. 
Virus: Adames strain 

(3-4 wk) C57BL/6 

Punta Toro virus, 
s c. injected. 

Drug Diluent: 0.4% CMC 

Treatment Schedule: bid x 5, beginning 
4 hr pre-virus inoculation. 

Treatment Route: p.o. 

Experiment Duration: 21 days. 

Dosage 

GflmPQUnd (mo/kg/day' 

AVS4272 50 
25 

12.5 
6.25 
3.13 

-Tox. Control 
Curv/ Host Wt. 

Total Change (g)a 

5/5 1.5 
5/5 2.5 
5/5 3.5 
5/5 2.3 
5/5 3.2 

Infected, Treated 
Surv/ MSTb 

Total (davsï 

0/10 4.2 
0/10 4.1 
0/10 4.0 
0/10 4.4 
0/10 4.1 

Ribavirin 75 5/5 2.9 

CMC 

Normals_-_5/5 3 3 

10/10** >21.0** 

0/20 4.3 

3 

Difference between initial weight at start of treatment and weight 18 hr following 
final treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS4272 was ineffective vs PTV when given orally. 
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Table 111-43. Expt. PtASM. Effect of Twice Daily s.c. 
Treatment With AVS4273 on Punta Toro Virus Infections In 

Mice. 

Animals: 9.9-12.3 g (3-4 wk) C57BL/6 Treaiment Schedule: bid x 5, beginning, 
Mice. 4 hr pre-virus inoculation. 

Virus: Adames strain Punta Toro virus, Treatment Route: s.c. 
s.c. injected. 

Drug Diluent: 0.4% CMC Experiment Duration: 21 days. 

Compound 

AVS4273 

Ribavirin 

CMC 

Normals 

Dosage 

(mq/hq/day) 
100 
50 
25 

12.5 
6.25 

75 

Tox. Contiol 
Surv/ Host Wt. 

Total Change 

5/5 2.0 
5/5 3.7 
5/5 3.0 
4/4 3.1 
4/4 3.5 

3/3 3.2 

3/3 4.9 

Injected. Treated 
Surv/ MSTb 

Total (days! 

0/10 
1/10 
0/10 
4/10 
3/10 

4.0 
4.1 
5.7 
5.2 
5.1 

8/8** >21.0** 

6/20 Ö.4 

g 
Difference between initial weight at start of treatment and weight 18 hr following 

final treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS4273 was ineffective vs PTV in this experiment. 



Table 111-44. Expt. PtA865. Effect of Twice Daily i.p. 
Treatment With AVS4273 on Punta Toro Virus Infections in 

Mice. 
Animals: 9.9-12.3 g (3-4 wk) C57BU6 

Mice. 
Virus: Adames strain Punta Toro virus, 

s.c. injected. 
Drug Diluent: 0.4% CMC 

Treatment Schedule: bid x 5, beginning, 
4 hr pre-virus inoculation. 

Treatment Route: i.p. 

Experiment Duration: 21 days. 

Gflmpound 
AVS4273 

Dosage 

¿mq/hq/day) 
100 
50 
25 

12.5 
6.25 

-Tox. Control 
Surv/ Host Wt. 
Total Change (g)a 

5/5 3.7 
5/5 2.9 
5/5 3.6 
4/4 3.0 
4/4 3.5 

Ribavirin 75 3/3 3.2 

CMC 

Normals 3/3 4.9 

Infected. Treated 
Surv/ MSTb 

Total (days) 
2/10 4.4 
4/10 4.3 
1/10 5.1 
3/10 6.3* 
7/10** 5.0 

8/8** >21.0** 

2/20 5.0 

g 
Difference between initial weight at start of treatment and weight 18 hr following 

final treatment of toxicity control mice. 

bMean survival time ot mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS4273 was significantly effective vs PTV at the lowest dosage 
used in this experiment. 
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Table 111-45. Expt. PtA869. Effect of Single i.p. Treatment 
With AVS4273 on Punta Toro Virus Infections in Mice. 

Animals: 11.6-12.9 g (3-4 wk) C57BL/6 Treatment Schedule: Once only, 
Mice. 4 hr post-virus inoculation. 

Virus: Adames strain Punta Toro virus, Treatment Route: i.p. 
s.c. injected. 

Drug Diluent: 0.4% CMC Experiment Duration: 21 days. 

Compound 

AVS4273 

Ribavirin 

CMC 

Normals 

Dosage 
(mo/ka/dayl 

200 
100 
50 
25 

12.5 

350 

Surv/ 

Total 

5/5 
5/5 
5/5 
5/5 
5/5 

5/5 

5/5 

Tox. Control 
Host Wt. 

Change (g)a 

-1.0 
0.0 
0.7 
0.8 
0.5 

0.1 

0.9 

Infected. Treated 
Surv/ MSTb 

Total 

1/8 
0/8 
0/8 
1/8 
0/8 

6/9 

5/20 

(davsl 

4.0 
4.1 
4.5 
4.4 
4.8 

6.3 

4.8 

d 
Difference between initial weight at start of treatment and weight 18 hr following 

final treatment of toxicity control mice. 
b, 
Mean survival time of mice dying on or before day 21 

*P<0.05 "P<0.01 

Conclusions: AVS4273 was ineffective vs PTV when administered in a single 
early i.p. injection. 
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Table 111-46. Expt. PtA871. Effect of Single i.p. Treatment 
With AVS4273 on Punta Toro Virus Infections in Mice. 

Animals: 11.6-12.9 g (3-4 wk) C57BL/6 Treatment Schedule: Once only, 
Mice. 24 hr post-virus inoculation. 

Virus: Adames strain Punta Toro virus, Treatment Route: i.p. 
s.c. injected. 

Drug Diluent: 0.4% CMC Experiment Duration: 21 days. 

Dosage Surv/ 

Compound fma/kq/dayl Total 

AVS4273 

Tox. Control 

Ribavirin 

CMC 

Normals 

200 
100 
50 
25 

12.5 

350 

5/5 
5/5 
5/5 
5/5 
5/5 

5/5 

5/5 

Host Wt. 

Change (gV* 

-1.0 
0.0 
0.7 
0.8 
0.5 

0.1 

0.9 

Infected. Treated 
Surv/ MSTb 

Total 

2/8 
1/8 
0/8 
0/8 
0/8 

(days) 

4.2 
3.6 
4.8 
4.5 
4.6 

9/9** >21.0** 

6/20 4.8 

0 

Difference between initial weight at start of treatment and weight 18 hr following 
final treatment of toxicity control mice. 

b. 
Mean survival time of mice dying on or before day 21 

*P<0.05 **P<0.01 

Conclusions: AVS4273 was ineffective vs PTV when administerrd in a single 
late i.p. injection. 
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i 

Tabl« 111-49. Expt. PtA878. Effect of Twico Dally p.o. 
Traatmant With AVS4273 on Punta Toro Vlrua Infections In 

Mice. 
Animals: 10.4-11.2 g (3-4 wk) C57BL/6 

Mice. 
Virus: Adames strain Punta Toro virus, 

s.c. injected. 
Drug Diluent: 0.4% CMC 

Treatment Schedule: bid x 5, beginning 
4 hr pre-virus inoculation. 

Treatment Route: p.o. 

Experiment Duration: 21 days. 

Dosage 

Compound (mo/kg/dayl 

AVS4273 100 
50 
25 

12.5 
6.25 

-Tox. Control 
Surv/ Host Wt. 

Total Gimnasia)3 

5/5 2.7 
5/5 2.9 
5/5 2.2 
5/5 2.8 
5/5 2.4 

Infected. Treated 
Surv/ MSTb 

Total (davs) 

0/10 3.9 
0/10 4.0 
0/10 3.9 
0/10 4.0 
0/10 4.0 

Ribavirin 75 5/5 3.3 

CMC 

Normals_-_5/5 3.5 

10/10** >21.0** 

1/20 4.3 

3 
Difference between initial weight at start of treatment and weight 18 hr following 
final treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS4273 was ineffective vs PTV when administered orally in this 
experiment. 
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Table 111-51. Expt. PtA852. Effect of Twice Daily i.p. 
Treatment With AVS4588 on Punta Toro Virus Infections In 

Mice. 

Animals: 10.5-11.6 g (3-4 wk) C57BL/6 Treatment Schedule: Twice daily x 5, 
... Mice- 4 hr pre-virus inoculation. 
Virus: Adames strain Punta Toro virus, Treatment Route: i.p. 

s.c. injected. 
Drug Diluent: Sterile saline Experiment Duration: 21 days. 

Dosage 
Compound tmo/kq/dayl 

AVS4588 600 
300 
150 
75 

-Tox. Control 
Surv/ Host Wt. 

Ifllal Change (ç)a 

5/5 2.0 
5/5 2.8 
5/5 3.0 
5/5 3.2 

Ribavirin 75 5/5 1.9 

Infected. Treated 
Surv/ MSTb 

Total (davs) 

0/10 4.2 
2/10 4.8 
0/10 5.3 
0/10 5.3 

10/10’* >21.0“ 
Saline 

Normals 5/5 4.0 

2/20 4.9 

3 
Difference between initial weight at start of treatment and weight 18 hr following 
final treatment of toxicity control mice. 

b 
Mean survival time of mice dying on or before day 21. 

*P<0.05 “P<0.01 

Conclusions: AVS4588 (1-aminoadenosinium mesitylene sulfonate) was not 
active vs PTV in this study. The compound was again well 
tolerated at all doses used. 
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Table 111-52. Expt. PtA834. Effect of Twice Daily s.c. 
Treatment With AVS4588 on Punta Toro Virus Infections in 

Mice. 

Animals: 11.2-12.9 g (3-4 wk) C57BL/6 Treatment Schedule: Twice daily x 5, 
... A. Mice- 4 hr pre-virus inoculation, 
virus: Adames strain Punta Toro virus, Treatment Route: s.c 

s.c. injected. 
Drug Diluent: Sterile saline Experiment Duration: 21 days. 

Dosage 

Compound (mo/ko/dayl 

AVS4588 400 
200 
100 
50 
25 

-Tox. Control 
Surv/ Host Wt. 

Total Change (q)* 

5/5 2.6 
5/5 2.4 
5/5 3.0 
5/5 3.1 
5/5 3.1 

Ribavirin 75 5/5 1.8 

Saline 

Normals 5/5 3.7 

Infected. Treated 
Surv/ MSTb 

Total (davsl 

0/10 4.1 
0/10 4.2 
2/10* 4.9 
0/10 4.3 
0/10 4.9 

9/9** >21.0** 

0/20 4.8 

d 
Difference between initial weight at start of treatment and weight 18 hr following 

final treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS4588 (1-aminoadenosinium mesitylenesulfonate) was 
^ considered marginally active vs PTV in this experiment. The 

compound was well tolerated at all dosage levels, suggesting a 
higher dosage may wish to be considered. 
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Table 111-53. Expt. PtA837. Effect of Twice Daily s.c. 
Treatment With AVS4618 on Punta Toro Virus Infections in 

Mice. 

Animals: 11.2-12.9 g (3-4 wk) C57BL/6 Treatment Schedule: Twice daily x 5, 
Mice. 4 hr pre-virus inoculation, 

virus: Adames strain Punta Toro virus, Treatment Route: s.c. 
s.c. injected. 

Drug Diluent: 0.4% CMC Experiment Duration: 21 days. 

Dosage 

Compound (ma/ko/davl 

AVS4618 400 
200 
100 
50 
25 

Tox. Control 

Ribavirin 

CMC 

Normals 

75 

Surv/ Host Wt. 

lOlal Change (ç)a 

5/5 3.2 
5/5 3.0 
5/5 2.4 
5/5 3.7 
5/5 3.2 

5/5 2.3 

5/5 4.2 

Infected. Treated 
Surv/ MSTb 

lotal (days) 
0/10 4.6 
0/10 4.8 
0/10 4.9 
2/10* 5.5* 
2/10* 4.6 

10/10** >21.0** 

0/20 4.4 

3 
Difference between initial weight at start of treatment and weight 18 hr following 

final treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS4618 (unidentified) was marginally active vs PTV at the 2 
lowest dosages used. 
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Table 111-60. Expt. PtA893. Effect of Twice Daily i.p. 
Treatment With AVS6334 on Punta Toro Virus Infections in 

Mice. 

Animals: 10.4-11.2 g (3-4 wk) 0576176 Treatment Schedule: bid x 5, beginning 
Mice. 4 hr pre-virus inoculation. 

Virus: Adames strain Punta Toro virus, Treatment Route: i.p. 
s.c. injected. 

Drug Diluent: 0.4% CMC Experiment Duration: 21 days. 

Dosage 
Compound (ma/ka/dayl 

AVS6334 250 
125 
62.5 
31.3 
15.6 
7.8 

Ribavirin 75 

CMC 

Jqx. Control. 
Surv/ 

Total 

3/3 
3/3 
3/3 
3/3 
3/3 
3/3 

3/3 

Host Wt. 

Change (ç)a 

1.8 
3.4 
3.4 
1.8 
3.2 
3.0 

2.1 

Normals 3/3 3.4 

Infected. Treated 
Surv/ MSTb 

Total fdaysl 

0/10 4.1 
0/10 4.3 
1/10 4.4 
0/10 4.4 
4/10** 5.8** 
0/10 4.3 

10/10** >21.0** 

0/20 4.4 

3 
Difference between initial weight at start of treatment and weight 18 hr following 

final treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS6334 was effective vs PTV only at a single, low dose in this 
experiment. 



Table 111-61. Expt. PtA894. Effect of Twice Daily í.p. 
Treatment With AVS6337 on Punta Toro Virus Infections in 

Mice. 
Animals: 10.9-12.2 g (2 4 wk) 0576176 

Mice. 
Vius: Adames strain Punta Toro virus, 

s.c. injected. 
Drug Diluent: 0.4% CMC 

Treatment Schedule: bid x 5, beginning 
4 hr pre-virus inoculation. 

Treatment Route: i.p. 

Experiment Duration: 21 days. 

Dosage 
Compound (mo/ko/davl 

AVS6337 250 
125 
62.5 
31.3 
15.6 
7.8 

Ribavirin 75 

CMC 

Tox. Control 
Surv/ Host Wt. 

Total Chance 

2/3 
3/3 
3/3 
3/3 
3/3 
3/3 

3/3 

0.8 
1.3 
2.2 
2.5 
3.7 
4.0 

2.1 

Normals 3/3 3.4 

Infected. Treated 
Surv/ M3Tb 

Total (daysl 

0/10 3.7 
0/10 3.9 
0/10 4.2 
1/10 4.9 
0/10 4.7 
2/10* 4.8 

10/10** >21.0** 

0/20 4.4 

difference between initial weight at start of treatment and weight 18 hr following 
final treatment of toxicity control mice. 

b 
Mean survival time of mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS6337 was marginally effective vs PTV at the lowest dose used 
in this experiment. 
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Table 111-62. Expt. PtA895. Effect of Twice Daily i.p. 
Treatment With AVS6417 on Punta Toro Virus Infections in 

Mice. 
Animais: 10.9-12.2 g (3-4 wk) 0578176 

Mice. 
Virus: Adames strain Punta Toro virus, 

s.c. injected. 
Drug Diluent: 0.4% CMC 

Treatment Schedule: bid x 5, beginning 
4 hr pre-virus inoculation. 

Treatment Route: i.p. 

Experiment Duration: 21 days. 

Dosage Surv/ 

Compound. Imo/ka/davl Total 

AVS6417 

lox. Control 

Ribavirin 

CMC 

Normals 

250 
125 
62.5 
31.3 
15.6 
7.8 

75 

0/3 
3/3 
3/3 
3/3 
3/3 
3/3 

3/3 

3/3 

Host Wt. 
Change (ç)a 

*1.0 
0.5 
2.5 
3.4 
2.8 
3.0 

2.1 

3.4 

Infected. Treated 
Surv/ MSTb 

Total (days! 

0/10 4.0 
1/10 4.1 
0/10 4.8 
1/10 5.9 
0/10 5.3 
0/10 4.8 

10/10** >21.0** 

0/20 4.4 

difference between initial weight at start of treatment and weight 18 hr following 
final treatment of oxicity control mice. 

b 
Mean survival time of mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS6417 was ineffective vs PTV in this experiment. 
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Table 111-63. Expt. PtA896. Effect of Twice Daily i.p. 
Treatment With AVS6477 on Punta Toro Virus Infections in 

Mice. 

Treatment Schedule: bid x 5, beginning 
4 hr pre-virus inoculation. 

Treatment Route: i.p. 

Experiment Duration: 21 days. 

Animals: 10.9-13.5 g (3-4 wk) C57BU6 
Mice. 

Virus: Adames strain Punta Toro virus, 
s.c. injected. 

Drug Diluent: 0.4% CMC 

Dosage 

CflmPQimci ima/ko/dayl 

AVS6477 100 
50 
25 

12.5 
6.3 
3.2 

Tox. Control 

Ribavirin 

CMC 

Normals 

75 

Surv/ Host Wt. 

Total Change 

3/3 3.3 
3/3 3.0 
3/3 3.0 
3/3 3.5 
3/3 3.8 
3/3 2.9 

3/3 2.1 

3/3 3.4 

Infected. Treatari 
Surv/ MSTb 

Total (daysl 

0/10 4.4 
C/10 4.5 
0/10 4 4 
0/10 4.7 
0/10 4.5 
0/10 4.5 

10/10** >21.0** 

0/20 4.4 

difference between initial weight at start of treatment and weight 18 hr following 
¡mal treatment of jxicity control mice. 

bMean survival time of mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS6477 was ineffective vs PTV in this experiment. All doses 
used were well-tolerated, however, so it may need to be further 
studied with higher dosages. 
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Table 111-64. Expt. PtA897. Effect of Twice Daily i.p. 
Treatment With AVS6501 on Punta Toro Virus Infections in 

Mice. 

Animals: 10-9-)2.3 g (3-4 wk) C57BL/6 Treatment Schedule: bid x 5, beginning 
w. . A . Mlce-. 4 hr pre-virus inoculation, 
virus. Adames strain Punta Toro virus, Treatment Route- i p 

s.c. injected. 
Drug Diluent: 0.4% CMC Experiment Duration: 21 days. 

Compound 

AVS6501 

Ribavirin 

CMC 

Normals 

Dosage 
(ma/ka/davl 

250 
125 
62.5 
31.3 
15.6 
7.8 

75 

Surv/ 

Total 

3/3 
3/3 
3/3 
3/3 
3/3 
3/: 

3/3 

las. Com rol 
Host wt. 

Chance (ç)a 

2.6 
2.6 
3.9 
3.0 
1.7 
2.0 

2.1 

Infected. Treated 
Surv/ 

Total 

1/10 
0/10 
0/10 
2/10* 

0/10 
4/10* 

10/10* 

0/20 

MSTb 

fdaysl 

4.3 
4.0 
4.5 
5.4* 
4.3 
4.3 

>21.0** 

4.4 
3/3 3.4 

difference between initial weight at start of treatment and weight 13 hr following 
final treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS6501 was marginally effective vs PTV at two low dosages 
used. a 
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IV. 
INDUCFT Z THP b?mP.2VNPtSoÍÍÍ! INTRACEREBRAL INFECTIONS IN 
INDUCEr bY THE BALLIET STRAIN OF PUNTA TORO VIRUS 

MICE 

Introduction 

„ 'L“ weolew incePtion of this project that the PTV infection in mice is being 
, ™ya,ley ,ever ^Hd sandfiy fever infections in man. A late and often fatal form 

of Rift /alley lever involves encephalitis, and patients with sandfly fever also develoo certain 
symptoms suggestive of central nervous system (CNS) infection. We therefore felt it was 
mnpoitant to determine if AVS compounds active again*,i the hepatotropic Adames PTV infection 

r,?a¡La PTV VeASanÆ.°Hn an ,encephalilic disea“induced in mi“ nS.°o™c ?Baïe,) 
nV' As descr,bed ear|ier, our protocol for in vivo evaluations of anti-PTV compounds 

"''•'"'«»'y compounds againsi the CNS disease in Tee Th| 
results of these follow-up investigations are described in this section Studies with i v - 

deStSd'm t“smsSS prepared Öy Pha,ma,ek’lnc',cr opoc«10 '0 the bram ate also 

Materials and Methods 

wa*! mqah' TAhmnacetK,rain ^ ^ ^ described in Sections I and III of our Annual Report No 1 
was used^ A mouse brain-prepared virus pool was used in the present studies The virus 
suspended m Pucks balanced salt solution (PBSS) was used at dilutions of 10‘3 or 10 4 (10 and 

¡tudfesin^STÄ 1° and !k° Vero ce"ccil: J° o'virus Tho 'alter dose was used in most studies m an attempt to increase the sensitivity of the test. 

Laboratorio ' ThponimïiÎ'0 ,ema'e Balb/C °r Swiss Webster mice were obtained from Simonsen 
mnMcf lh Tî a^,ma's,were quarantined 48 hr prior to use and were maintained on standard 

rTrugs waTgive!? W3 6r ^ Th6 SW'SS Webs,er mice were used when 'v administration of 

Mor, Comp°K^^ All compounds were provided by Biological Research Faculty & Facility lnc 
Many were AVS01 derivatives prepared by Pharmatek, Inc. Y y’ 

Experiment Resign: Ether-anesthetized mice were infected by inoculating 0 05 ml of PTV 

whh'Tiílfectpímirp ISPhHre °f -he brain' Twen,y in,ected mice were used with each drug level. 
Tcheduto variPri ripnonH-n5 which ^ diluem on|y Treatment and 
cooidprpri hinhfw Ä d 9 UP°tnJh! comP°und bein9 evaluated, with those regimens 
CNS Sacp9hpL! 'Vf a9ai.nsI he hePatotr°Pic vims ifection selected for treatment of this 
CNS disease. Five toxicity control mice were used at ea ,h drug dose level and 10 mice were 

frpafmpnto Hal C0Kn,r,°,S- c™6 'a,,er ,w° 9rouPs of co trols weighed before and after 
ranof O a® described 'n. Section III. On infection day o, one-half (one or two pre-designated 
cages) of each group of infected animals were killed and their brains removed Ten percent 
homogenates of each brain were diluted through a series of 10-fold diSns and ea?h was 

fvpray nh °r Vl HSHUSIln94CPE Produc,,on in triplicate cups of LLC-MK2 cells. The remaining animals 

experiment™60 da'y °r death thr°U9h in,ec,ion day 21 ■ wh'Ch was the termination of the 

IncreíseTtompír^^wL^rn ber^reevalua,edusin9chi s9uare anaiysis with Yate's correction 
increases in mear, survival time and decreases in mean brain virus titers were analyzed using nest. 

Results and Discussion 

««h resul,s with each AVS compound tested are summarized in Tables IV-1-17 The 
following summarizes the activity of each. ne 

AVS1018 (Table IV-1): Inactive vs PTV at all dosages. 

AVS1968 (CL246.768) (Table IV-2): Inactive vs PTV at all dosages. 

AVS2933 (CGP 19835 A lipid) (Table IV-3-4): Inactive vs PTV at all dosages. 

AVS5311 (human recombinant interferon) (Table IV-5): Inactive vs PTV at all dosages. 

AVS5581 (Table IV-6): Inactive vs PTV at all dosages. 

AVS5582 (Table IV-/): Inactive vs PTV at all dosages. 
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AVS5597 (Table IV-8): Inactive vs PTV at all dosages. 

AVS6080 (Table IV-9): This compound was possibly weak! / active vs this PTV 
seen by increased mean survival times. 

infection as 

AVS6081 (Table IV-10): Inactive vs PTV at all dosages. 

infflrtfnnSaoSf h¡IKle.ü'11,: compound was significantly inhibitory to the Balliet PTV 
? dosa.ge used- Thls ac,ivity was seen as increased survivors, mean survival 

time, and decreased brain virus titers. 

AVS6083 (Table IV-12): Inactive vs PTV at all dosages. 

AVS6290 (Table IV-13): Inactive vs PTV at all dosages. 

AVS6291 (Table IV-14): Inactive vs PTV at all dosages. 

AVS'3292 (Table IV-15): Inactive vs PTV at all dosages. 

AVS6297 (Table IV-16): Inactive vs PTV at all dosages. 

AVS6300 (Table IV-17): Inactive vs PTV at all dosages. 

Conclusions 

Rallié lîrtaailn0lf1DTwVSr.COmpOUnJdS evalua,ed against the CNS infection induced by the 
Balliet stra n of PTV. Compounds AVS6080 and 6082 were considered moderately effective 

delivery'tothe^rain C0mp0undS evaluated were Pharmatek-prepared compounds designed for 



AVQinifl"1, ^ PtA®38;, Effect of Two P-o. Treatments with 
AVS1018 on Intracerebrally Administered Balliet Strain Punta 

Toro Virus Infections in Mice. 
Animals: 15.0 -17.0 g (4 wk) C57BL/6 

Mica. 
Virus: Balliet strain Punta Toro virus, 

i.c. injected. 
Drug Diluent: Sterile H20. 

Treatment Schedule: Two shots, 4 hr pre¬ 
virus inoculation and on day 4. 

Treatment Route: p.o. 

Experiment Duration: 21 days. 

Dosage 

Compound (mo/ko/dayl 

AVS1018 25 
12.5 
6.25 
3.13 

H20 

Normals 

—Tox. Control 
Surv/ Host Wt. 

iQlal Change (g)a 

5/5 0.4 
5/5 1.1 
5/5 1.2 
5/5 1.2 

-Infected. Treated 
Surv/ MSTb Brain 

lolai idays) Virus Titers0 

0/10 8.3 7.2 
0/10 8.1 7.4 
0/10 9.2 7.5 
0/10 8.9 6.7“ 

5/5 1.5 

1/20 8.5 7.5 

difference between initial weight at start of 
treatment of toxicity control mice. 

treatment and weight 18 hr following final 

bMean survival time of mice dying on or before day 21. 

cLogio infectious virus recovered from animals killed on infection day 6 
determined by viral cytopathic effect in LLC-MK2 cells. 

Titers 

*P<0.05 **P<0.01 

Conclusions: AVS1018 (unidentified) was essentially inactive vs the infection 
induced by the Balliet strain of PTV in this study. 
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AWQiOfio2’ PtA®39, Effect of Single p.o. Treatment with 
AVS1968 on Intracerebrally Administered Balliet Strain Punta 

Toro Virus Infections in Mice. 
Animals: 15.0 -17.0 g (4 wk) C57BU6 

Mice. 
Virus: Balliet strain Punta Toro virus, 

i.c. injected. 
Drug Diluent: Sterile H20. 

Treatment Schedule: Once only, 
4 hr pre-virus inoculation. 

Treatment Route: p.o. 

Experiment Duration: 21 days. 

Dosage 
Compound (mo/ko/dayl 

AVS1968 100 
50 
25 

12.5 

—Tox. Control 
Surv/ Host Wt. 

lûtâl Change 

5/5 -0.5 
5/5 -0.7 
5/5 -0.3 
5/5 0.1 

-IfiffCted. Treated 
Surv/ MSTb Brain 

Ifital (davsl Virus Titers.c 

0/10 8.3 7.5 
0/10 8.2 7 2 
1/10 8.3 7.4 
0/9 7.9 7.5 

H20 

• Normals 5/5 
1/20 8.5 7.5 

aDifference between initial weight at start of 
treatment of toxicity control mice. 

treatment and weight 18 hr following final 

bMean survival time of mice dying on or before day 21. 

cLog10 infectious virus recovered from animals killed on infection day 6 
determined by viral cytopathic effect in LLC-MK2 cells. 

Titers 

Conclusions: 

*P<0.05 **P<0.01 

AVS1968 /unidentified) was inactive vs the infectio induced by the 
Balliet strain of PTV in this study.- 

100 



Aueoollo’3, Esxpí’ PtA859‘ Effect of Single i.p. Treatment with 
AVS2933 on Intracerebrally Administered Balliet Strain Punta 

Toro Virus Infections in Mice. 
Animals: 13.7 -15.6 g (4 wk) C57BU6 Treatment Schedule: Once only, 

. „ ^ 4 hr post-virus inoculation. 
Vtrus. Balliet strain Punta Toro virus, Treatment Route- ip 

i.c. injected. 

Drug Diluent: Ca++, Mg++ free saline. Experiment Duration: 21 days. 

Compound 
AVS6297 

Dosage 

(uq/kgï 

10,000 
5,000 
2,500 
1,250 

Tox. Control 

Saline 

Normals 

Surv/ 

Total 

5/5 
5/5 
5/5 
5/5 

5/5 

Host Wt. Surv/ 

Change (g1a Total 

0.2 0/10 
0.3 0/10 
0.0 0/10 
0.0 0/10 

Infected. Treated 
MSTb Brain 

(days) Virus Titersc 

7.9 7.1 
7.5 6.9 
8.7 7.3 
8.1 6.6 

0/20 7.6 7.5 

1.1 

aDtSemont nH«eerlinitialWfi9!1i ^ ^ °f treatment and weight 18 hr following final treatment of toxicity control mice. a 

bMean survival time of mice dying on or before day 21. 

cLogio infectious virus recovered from animals killed on infection day 7 Titers 
determined by viral cytopathic effect in LLC-MK2 cells. 

*P<0.05 “P<0 01 

Conclusions: AVS2933 (CPG 19835A lipid) was ineffective vs PTV-induced 
encephalitis in this experiment. 
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Jf/eonio’4' PtA860, Effect of Single i.p. Treatment with 
AVS2933 on Intracerebrally Administered Balliet Strain Punta 

Toro Virus Infections in Mice. 
Animals: 13.7 -15.6 g (4 wk) C57BL76 

mice. 
Virus: Balliet strain Punta Toro virus, 

i.c. injected. 
Drug Diluent: CaH, MgH free oaiine. 

Treatment Schedule: Once only, 
24 hr post-virus inoculation. 

Treatment Route: i.p. 

Experiment Duration: 21 days. 

Dosage 
Compound (uo/kgl 

AVS6297 10,000 
5,000 
2,500 
1,250 

—Tox. Control 
Surv/ Host Wt. 

lûlal Change (g1a 

5/5 0.2 
5/5 0.3 
5/5 0.0 
5/5 0.0 

-Infected. Treated 
Surv/ MSTb Brain 

Total (davsl Virus Titersc 

0/10 8.1 7.3 
0/10 7.3 7.3 
1/10 8.4 7.4 
1/10 7.6 7 4 

Saline 

Normals 5/5 1.1 

0/20 7.6 7.5 

difference between initial weight at start of treatment and weight 18 hr following 
treatment of toxicity control mice. a 

final 

bMean sun/ival time of mice dying on or before day 21. 

'Logio infectious virus recovered from animals killed on infection day 7 Titers 
determined by viral cytopathic effect in LLC-MK2 cells. 

*P<0.05 **P<0.01 

Conclusions: AVS2933 (CPG 19835A lipid) was ineffective vs PTV-induced 
encephalitis in this experiment. 
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™j'e 'V:|- Expt PtA840. Effect of Once Daily i.p. Treatment 
with AVS5311 on Intracerebrally Administered Balliet Strain 

Punta Toro Virus Infections in Mice. 
Animals: 15.0 * 17.0 g (4 wk) C57BL/6 

Mice. 
Virus: Balliet strain Punta Toro virus, 

i.c. injected. 
Drug Diluent: Sterile saline. 

Treatment Schedule: Once daily x 8, beg. 
4 hr pre-virus inoculation. 

Treatment Route: i.p. 

Experiment Duration: 21 days. 

Dosage 
Qomoound (units/mousal 

_Tox. Control 

AVS5311 105 
104.5 

104 
103 5 

Saline 

Normals 

Surv/ 

Total 

5/5 
5/5 
5/5 
5/5 

5/5 

Host Wt. Surv/ 

Change (gV* Total 

2.0 
2.0 

■Infected. Treated 

1.8 
2.1 

2.0 

0/10 
0/9 
0/10 
0/10 

0/19 

MSTb 

(days) 

8.4 
8.3 
8.0 
7.5 

8.6 

Brain 

Virus Titers0 

7.3 
7.5 
7.2 
7.5 

7.4 

aDtíieartemfnfMtfW0®rlinitia'wf¡9ht at start of treatment and weight 18 hr following final 
treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

cLogio infectious virus recovered from animals killed on infection day 6 Titers 
determined by viral cytopathic effect in LLC-MK2 cells. 

*P<0.05 **P<0.01 

Conclusions: AVS5311 (human recombinant interferon) was inactive vs the infection 
induced by the Balliet strain of PTV in this study. 
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Table IV-6. Expt. PtA779. Effect of Once Daily i.v., i.p. 
Treatment with AVS5581 on Intracerebrally Administered 

Balliet Strain Punta Toro Virus Infections in Mice. 

Treatment Schedule: Once daily x 5, 
beginning 4 hr post-virus inoculation. 

Treatment Route: i.v., i.p. 

Animals: 21.9 - 23 2 g (4 wk) Swiss 
Webster Mice. 

Virus: Balliet strain Punta Toro virus, 
i.c. injected. 

Drug Diluent: DMSO, neat. Experiment Duration: 21 days. 

Compound 

AVS5581 

DMSO 

Normals 

Dosage 

(mo/ka/dayl 

125 
62.5 
31.3 

Tox. Control 
Surv/ Host Wt. 

Total Change 

5/5 1.9 
4/4 1.7 
3/3 2.1 

5/5 2.3 

Surv/ 

Total 

0/10 
0/10 
0/9 

0/20 

Infected. Treated 
MSTb Brain 

(days) Virus Titersc 

9.4 7.5 
8.5 7.2 
9.0 7.1 

8.7 7.3 

aDifference between initial weight at start of treatment and weight 18 hr followino final 
treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

cLogio infectious virus recovered from animals killed on infection day 7 Titers 
determined by viral cytopathic effect in LLC-MK2 cells. 

*P<0.05 **P<0.01 

Conclusions: AVS5581, a Pharmatec preparation, was inactive vs the Balliet PTV 
infection. 
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Table IV-7. Expt. PtA780. Effect of Once Daily i.v., i.p. 
Treatment with AVS5582 on Intracerebrally Administered 

Bailiet Strain Punta Toro Virus Infections in Mice. 
Animals- 21.9 * 23.2 g (4 wk) Swiss 

Webster Nee. 
Virus: Bailiet strain Punta Toro virus, 

i.c. injected. 
Drug Diluent: DMSO, neat. 

Treatment Schedule: Once daily x 5, 
beginning 4 hr post-virus inoculation. 

Treatment Route: ¡.v., i.p. 

Experiment Duration: 21 days. 

Dccage 
Compound fma/ka/dayl 

AVS5582 500 
250 
125 

- To*. Contre!- -Infected. Treated 
Surv/ Host Wt. Surv/ MSTb Brain 

Jfiiâl Change (ç)a Total (days! Virus Titersc 

5/5 
5/5 
5/5 

1.0 0/10 
1.8 0/10 
1.9 0/9 

9.7 7.5 
7.9 7.3 
8.9 73 

DMSO 

Normals_•_ 5/5 2.3 

0/20 8.7 73 

aDifference between initial weight at start of treatment and weight 18 hr following final 
treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

cLogio infectious virus recovered from animals killed on infection day 7. Titers 
determined by viral cytopathic effect in LLC-MK2 cells. 

*P<0.05 **P<0.01 

Conclusions: AVS5582, a Pharmatec preparation, was inactive vs the Bailiet PTV 
infection. 
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Tabit IV-8. Expt. PtA781. Effact of Onca Daily l.v., I.p. 
Treatment with AVS5897 on Intracerebrally Administered 

Baliiet Strain Punta Toro Virus Infections in Mice. 
Animais: 21.9 - 23.2 g (4 wk) Swiss 

Webster Mice. 
Virus: Baliiet strain Punta Toro virus, 

i.c. injected. 
Drug Diluent: DMSO, neat. 

Treatment Schedule: Once daily x 5, 
beginning 4 hr post-virus inoculation. 

Treatment Route: i.v , i.p. 

Experiment Duration: 21 days. 

Dosage 

Compound (mo/ka/davl 

AVS5897 200 
100 
50 

DMSO 

Normals 

—Tox. Control 
Surv/ HostV't. 
Total Change ig^a 

2/2 -2.2 
5/5 -1.8 
5/5 0.6 

5/5 1.2 

Surv/ 

lotal 
0/2 
0/8 
0/10 

1/19 

Infected. Treated 
MSTb Brain 

(days) Virus Titersc 

7.0 7.4 
3.1 7.2 
8.2 6.9 

8.4 7.3 

aDifference between initial weight at start of treatment and weight 18 hr followinq final 
treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

cLogio infectious virus recovered from animals killed on infection day 7 Titers 
determined by viral cytopathic effect in LLC-MK2 cells. 

*P<0.05 **P<0.01 

Conclusions: AVS5897, a Pharmatec preparation, was inactive vs the Baliiet PTV 
infection. 



Table IV-9. Expt. PtA795. Effect of Once Daily i.v., i.p. 
Treatment with AVS6980 on Intracerebrally Administered 

Balliet Strain Punta Toro Virus Infections in Mice. 
Animals: 21.9 - 23.2 g (4 wk) Swiss 

Webster Mice. 
Virus: Balliet strain Punta Toro virus, 

i.c. injected. 
Drug Diluent: DMSO, neat. 

Treatment Schedule: Once daily x 5, 
beginning 4 hr post-virus inoculation 

Treatment Route: i.v., i.p. 

Exoeriment Duration: 21 dc'ys. 

Dosage 
Compound (mo/ko/davl 

AVS6080 100 
50 
25 

—Tox. Control _ 
Surv/ Host Wt. Curv/ 
iQlal Change (g)a Total 

5/5 0.8 0/6 
5/5 0.5 1/10 
5/5 0.6 0/8 

Infected. Treated 
MSTb Brain 
fdavsi Virus Titersc 

8.7 7.5 
9.6* 6.9 
e 1 7.1 

DMSO 

Normals 
0/16 7.8 7.1 

5/5_2J__- 0.6 

aDif'erence between initial weight at start of treatment and weight 18 hr following 
treatment of toxicity control mice. a 

final 

bMean survival time of mice dying on or before day 21. 

cLogio infectious virus recovered from animals killed on infection day 7 Titers 
determined by viral cytopathic effect in LLC-MK2 cells. 

*P<0.05 **P<0.01 

Conclusions: AVS608a a Pharmatec preparation, was possibly weakly active vs the 
Balliet PTV infection as seen by increased mean survival times. 
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Table IV-10. Expt. RA796. Effect of Once Daily i.v. ♦ i.p. 
Treatment with AVS6001 on Intracerebrally Administered 

Balliet Strain Punta Toro Virus Infections in Mice. 
Animals: 14.2 * 14.8 g (4 wk) Swiss 

Webster Mice. 
Virus: Balliet strain Punta Toro virus, 

¡.- injected. 
Drug Diluent: DMSO, neat. 

Treatment Schedule: Once daily x 5, 
beginning 4 hr post-virus inoculation. 

Treatment Route: i.v., i.p. 

Experiment Duration- 21 days. 

Dosage 

Compound tmo/kq/dayl 

AVS6081 32 
16 
8 

DMSO 

Normals 

Tox. Control _ 
Surv/ Host Wt. Surv/ 

Total Change (g1a Total 

5/5 C.6 0/7 
5/5 1.4 0/9 
5/5 2.3 0/9 

0/16 

5/5 2.1 

Icifeoted. Treated 
MSTb Brain 

(days) Virus Titersc 

8.6 7.2 
7.8 7.3 
8.9 V.O 

7.8 7.1 

- 0.6 

aDifference between initial weight at start of treatment and weight 18 hr following final 
treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

cLogio infectious virus recovered from animals killed on infection day 6 Titers 
determined by viral cytopathic effect in LLC-MK2 cells. 

*P<0.05 **P<0.01 

Conclusions: AVS6081 (Pharmatec compound) was inactive vs i.c. PTV infections in 
this experiment. 
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Table IV-11. Expt. PtA793. Effect of Once Daily l.v., i.p. 
Treatment with AVS6082 on Intracerebrally Administered 

Bailiet Strain Punta Toro Virus Infections in Mice. 
Animals: 21.9 - 23.2 g (4 wk) Swiss 

Webster Mice. 
Virus: Bailiet strain Punta Toro virus, 

i.c. injected. 
Drug Diluent: DMSO, neat. 

Treatment Schedule: Once daily x 5, 
beginning 4 hr oo:>t-virus :noculation. 

Treatment Route: i.v., i.p. 

Experiment Duration: 21 days. 

Dosage 

Compound fmo/kg/dayl 

AVS6082 75 

37.5 
18.8 

—Tox. Contre!_ 
Surv/ Host Wt. 

Ifllal Change (q)* 

3/3 0.2 
5/5 0.1 
5/5 0.9 

-Infected. Treated 
Surv/ MSTb Brain 

lolal idays) Virus Titersc 

3/7** 8.8 6.1* 
0/10 8.8 6.6 
0/10 7.6 7.3 

DMSO 0/20 7.9 7.1 

Nopals_;_5/5 1,7_. 06 

aDifference between initial weight at start of treatment and weight 18 hr following final 
treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

cLogio infectious virus recovered from animals killed on infection day 7 Titers 
determined by viral cytopathic effect in LLC-MK2 cells. 

Conclusions: 

*P<0.05 **P<0.01 

AVS6082, a Pharmatec preparation, was signficantly inhibitory to the 
Bailiet PTV infection at the highest dosage used. This activity was 
seen as increased survivors and decreased brain virus titers. 
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Table IV-12. Expî. PtA794. Effect of Once Daily i.v., I.p. 
Treatment with AVS6383 on Intracerebrally Administered 

Balliet Strain Punta Toro Virus Infections in Mice. 
Animals: 21.9 - 23.2 g (4 wk) Swiss 

Webster Mice. 
Virus: Balliet strain Punta Toro virus, 

i c. injected. 
Drug Diluent: DMSO, neat. 

Treatment Schedule: Once daily x 5, 
beginning 4 hr post-virus inoculation. 

Treatment Route: i.v., i.p. 

Experiment Duration: 21 cays. 

Dosage 

Compound (ma/kq/dayl 

AVS6083 32 
16 
8 

—Tox. Control 
Surv/ Host Wt. 

Total Change (ç)a 

-Infected Treated 
Surv/ MST1- Brain 

Total (davsl 

4/4 
5/5 
5/5 

1.3 0/7 
1.0 0/10 
0.5 0/10 

8.3 7.5 
8.0 6.9 
7.1 7.1 

DMSO 0/20 7.9 7.1 

Normals_-_5/5_17_. _06 

difference between initial weight at start of treatment and weight 18 hr following final 
treatment of toxicity contrr I mice. 

bMean survival time of mice dying on or before day 21. 

cLogio infectious virus recovered from animals killed on infection day 7 Titers 
determined by viral cytopathic effect in LLC-MK2 cells. 

*P<0.05 **P<0.01 

Conclusions: AVS6083, a Pharmatec preparation, was inactive vs the Balliet PTV 
infection. 

* 
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Table IV-*!3. Expt. PtA805. Effect of Once Daily i.v., i.p. 
Treatment with AVS6290 on Intracerebrally Administered 

Balliet Strain Punta Toro Virus Infections in Mice. 
Animals: 21.9 * 23.2 g (4 wk) Swiss 

Webster Mice. 
Virus: Balliet strain Punta Toro virus, 

i.c. injected. 
Drug Diluent: DMSO, neat. 

Treatment Schedule: Once daily x 5, 
beginning 4 hr post-virus inoculation. 

Treatment Route: i.v., i.p. 

Experiment Duration: 21 days. 

Dosage 

Compound (mo/ka/dayl 

AVS6290 158 
79 

39.5 

—Tox. Control 
Surv/ Host Wt. 

Total Change (g1a 

3/4 1.3 
5/5 1.6 
5/5 2.0 

-Infected. Treated 
Surv/ MSTb Brain 

Ifilal fdavsl Virus Titersc 

0/5 8.8 7.1 
0/9 8.4 7.4 
0/10 8.4 7.1 

DMSO . - . . 0/18 81 71 

Normals_-_5/5_1J_-__qq 

aDifference between initial weight at start of treatment and weight 18 hr following final 
treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

cLogio infectious virus recovered from animals killed on infection day 7 Titers 
determined by viral cytopathic effect in LLC-MK2 cells 

*P<0.05 **P<0.01 

Conclusions: AVS6290, a Phamatec preparation, was ineffective vs the Balliet PTV 
infection. 

in 



Table IV-14. Expt. PtA803. Effect of Once Daily i.v., I.p. 
Treatment with AVS6291 on Intracerebraily Administered 

Bailiet Strain Punta Toro Virus Infections in Mice. 
Animals: 21.9 - 23.2 g (4 wk) Swiss 

Webster Mice. 
Virus: Bailiet strain Punta Toro virus, 

i.c. injected. 
Drug Diluent: DMSO, neat. 

Treatment Schedule: Once daily x 5, 
beginning 4 hr post-virus inoculation. 

Treatment Route: i.v., i.p. 

Experiment Duration: 21 days. 

Dosage 

CfliïlpQund (mg/kq/dayl 

AVS6291 50 
25 

12.5 

—Tox. Control 
Surv/ Host Wt. 

iQlâi Change /gV* 

5/5 -0.2 
5/5 0.8 
5/5 1.6 

-Infected. Treated 
Surv/ MSTb Brain 

laial idays) YimsJjiaiac 
0/7 80 7.0 
0/9 8.9 7.2 
0/10 7.9 7.0 

DMSO 

Normals 
0/18 8.1 7.1 

5/5_T6_-_o.O 

a Difiere nee between initial weight at start of treatment and weight 18 hr following final 
treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

cLogio infectious virus recovered from animals killed on infection day 7 Titers 
determined by viral cytopathic effect in LLC-MK2 cells. 

*P<0.05 **P<0.01 

Conclusions: AVS6291, a Pharmatec preparation, was ineffective vs the Balüet PTV 
infection. 
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Table IV-15. Expt. PtA804. Effect cf Once Daily ].v., I.p. 
Treatment with AVS6292 on Intracerebrally Administered 

Balliet Strain Punta Toro Virus Infections in Mice. 
Animals: 21.9 - 23.2 g (4 wk) Swiss 

Webster Mice. 
Virus: Balliet strain Punta Toro virus, 

i.c. injected. 
Drug Diluent: DMSO, neat. 

Treatment Schedule: Once daily x 5, 
beginning 4 hr post-virus inoculation. 

Treatment Route: i.v., i.p. 

Experiment Duration: 21 days. 

Dosage 

Qflmpound (mo/ko/dayl 

AVS6292 50 
25 

12.5 

—Tox. Control 
Surv' Host Wt. 

Isas' Change igV* 

4/4 1.4 
5/5 2.5 
5/5 1.7 

-Infected. Treated 
Surv/ MSTb Brain 

lolal idays) Virus Titersc 

0/4 7.8 7.3 
0/9 7.9 7.1 
0/10 8.6 7.2 

DMSO - . . 0/18 81 71 

Normals_:_5/5 1,6_-_0.0 

aDifference between initial weight at start of treatment and weight is hr following final 
treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

elogio infectious virus recovered from animals killed on infection day 7 Titers 
determined by viral cytopathic effect in LLC-MK2 cells. 

*P<0.05 **P<0.01 

Conclusions: AVS6292, a Pharmatec preparation, was ineffective vs the Balliet PTV 
infection. 
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Table IV-16. Expt. PtA624. Effect of Once Daily i.v. + i.p. 
Treatment with AVS6297 on lntracerebr¿lly Administered 

Balliet Strain Punta Toro Virus Infections in Mice. 
Animals: 19.1 - 22.2 g (4 wk) Swiss 

Webster Mice. 
Virus: Balliet strain Punta Toro virus, 

i.c. injected. 
Drug Diluent: DMSO, neat. 

Treatment Schedule: Once daily x 5, 
beginning 4 hr post-virus inoculation. 

Treatment Route: i.v., i.p. 

Experiment Duration: 21 days. 

Dosage 
Comoouno fnio/kg/dayl 

AVS6297 25 
12.5 
6.25 

—Tox. Control 
Surv/ Host Wt. 

Total Change (ç)a 

5/5 1.?. 
5/5 0.2 
5/5 0.5 

-Infected. Treated 
Surv/ MSTb Brail 

lûîâi Idava) Virus Titers^ 

0/9 7.4 6 9 
0/10 7.5 7.3 
0/7 7.1 7.4 

DMSO - . . 0/18 7I 72 

Normals_ 5/5 1,0_. 0 0 

aDifference between initial weight at start of treatment and weight 18 hr fc llowmq final 
treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

cLogio infectious virus recovered from animals killed on infection day 6 Titers 
determined by viral cytopathic effect in LLC-MK2 cells. 

Conclusions: 

*P<0.05 **P<0.01 

AVS6297 (Pharmatec compound) was inactive vs i.c. PTV infections ,n 
this experiment. 
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Table IV-17. Expt. PtA825. Effect of Once Daily l.v. + i.p. 
Treatment with AVS6300 on Intracerebrally Administered 

Baliiet Strain Punta Toro Virus Infections in Mice. 
Animals: 19.1 - 22.2 g (4 wk) Swiss 

Webster Mice. 
Virus: Balliet strain Pun'.a Toro virus, 

i.c. injected. 
Drug Diluent: DMSO, neat. 

treatment Schedule: Once daily x 5, 
beginning 4 hr post-virus inoculation. 

Treatment Route: i.v., i.p. 

Experiment Duration: 21 days. 

Dosage 

Compound (mo/ko/davl 

AVS6300 25 
12.5 
6.25 

—iQjL Control 
Surv/ Host Wt. 

Total Change (<¿)a 

5/5 0.3 
5/5 1.3 
5/5 -0.2 

-Injected. Treated 
Surv/ MSTb Brain 

Total .daysl Virus Titersc 

0/10 7.1 7.2 
0/10 7 7 7.5 
0/9 7.4 7.5 

DMSO • - - . 0/18 7.1 7.2 

Normals_-_5J5_TO_-_._qq 

aDifference between initial weight at start of treatment and weight 18 hr following final 
treatment of toxicity control mice. 

bMean survival time of mice dying on or before day 21. 

cL°gio infectious virus recovered from animals killed on infection day 6 Titers 
determined by viral cytopathic effect in LLC-MK2 cells. 

*P<0.05 **P<0.01 

Conclusions: AVS6300 (Pharmatec compound) was inactive vs i.c. PTV infections in 
this experiment. 
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V. COMPARISON OF THE EFFECTS OF AVS01. AVS02 AND AVS206 ON 
DAILY DISEASE PARAMETERS IN PUNTA TORO VIRUS-INFECTED MICE 

Introduction 

We have previously described in the last Annual Report the relative anti-PTV efficacies of the 

Snle?hC3?,mP0UnÆ AVS°1 (ribavirir,)' AVS02 (ribavirin triacetate) and AVS206 (rfbTmidine) 
lowCdose TMrhhrftrmnUeStrtf °Ur f0/0, one "ddltl0nal se‘of experiments were run in which a 
k)w dose of each compound, each dose selected to be approximately the LD50/1C was 
evaluated to determine their influence on daily development of hepatic icterus and virus titers in 
vanous tissues as well as on the usual P rv-associaied decline in while Wood c Js In m " 

fnoculation ’ 3 treatmôn,s were administered orally in a single administration 24 hr after virus 

Materials and Methods 

r a\ Afii77a/S' Three waek-old C57BL/6 mice were obtained from Simonsen Laboratories (Gilroy, 
previous!Were c,uaran, ned and fed WaVne Mouse Chow and tap water as has been described 

Virus: Adames strain P rv as described earlier was used, 

i Compounds: AVS01, 02, and 206 were provided by Biological Research Faculty & Facility 
Inc. All were dissolved in sterile water for this study. y y’ 

crnrÆm n Assays: The disease parameters studied included hepatic icterus 
scored from 0 (normal) to 4 (maximal discoloration); SCOT and SGPT, assayed by colorimetric test 

homi^tn r<?m SigÎJia. (^-. Loui.s- M°): total white blooo cells in hoparinized blood using a 
cn-TfiCy 0!Te erj. Índ vira ,lters in serum- liver- niesenteric lymph node, spleen, kidney, lui.c 
spinal cord, and brain assayed using cytopathic endpoint in LLC-MK2 cells exposed to serial 

being taken forTraSay ^ e3Ch t¡SSUe' M'Ce Were pertused wi,h s,erile saline Pr'or to tissues 

Ces/gn: Groups of PTV-infected were treated with AVS01 (4i mg/kg) AVS02 

innÄ9 S2i6 (82 ^T]?/k9, °r S,erile wate'by 9avage 24 hr post-virus inoculation.9Á total of 
100 mice were used in each treatment group. Six animals (or less, if too many had died later in the 

SnicmH * ‘k !,aCí 9rouP„were kil|ed on days 1-10, 13, 16, 19, and 22, and their blood and 
200dJfd"bed abov®,n D,sease Parameters Assays taken. One normal mouse was killed and 

L?i?hL a,CSay ¡!mf a! a “H1'01- AI1 ,he organs from one of the six animals killed 
eet,h day were placed in formalin for later histopathoiogical examination. Ten infected treated 
mice in each group were held the duration of the study and deaths recorded daily F ive sham- 

!?nfr«.d4miCe w®re trea,ed w,th each drug to serve as toxicity controls. These mice, as well as 
untreated normal mice, were weighed prior to and 18 hr after treatment. 

Results and Discussion 

o** Eff?Cl%n Prevert,on °f Death: The results of treatment with these compounds on PTV- 

rnn?r«i lendmí Î m ' I™'™ ^ in Table and Figure V-1. The placebo-treated virus 
^ h dy,r9 on day 4 and continued dying until day 8, with a mean survival time of 
b.2 days. All three compounds were essentially equally effective in preventing death. At the 
dosage usetí, all appeared well tolerated, although the toxicity control mice treated with AVS01 
gained the least weight in this experiment. 

™ntJ?m2iiî^epaîC lctîmi: (Table and Fi9ure v'2)- Liver scores developed rapidly in the virus 
w?th aJSo? !nh^w^akw by 410 6 days a,,er virus inoculation. Of tue 3 compounds, treatment 
least effectivelh blted deve opment 01 liver scores to the greatest extent, with AVS01 being 

trancfmfnifi7 f007 3nd fGPT¿ (Tables and Figures V-3, 4). The initial development of both 
transaminase enzyme levels in the serum coincided well with the hepatic icterus seen with both 
enzymes achieving maximal levels by day 3. The levels declined immediately thereafter for 3 days 
be,°r0 nsm9 a9a|n to high levels by day 7, after which all the mice had died. Treatment with all 

nlrf«rlw.SKWaf e^ectlve inPreventin9 these levels from elevating significantly, with AVS02 again 
performing best in keeping the enzymes at essentially normal levels. y 
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Effects on White Blood Cell Counts: (Table and Figure V-5). Total white blood cells were 

riprifno hayHa1,o’ ?’• 5' 10- 13, 16, 19' and 22- As has been observed previously, these 
hf ih? DCíue day 2 ? in,ectlon m virus contro1 m|ce, presumably due to destruction of the cells 
Sy ÍPh TV’ Sluue Weuhav®JPrevious'y isolated virus ,rom ‘hese cells. This decline was lessened 
by a is drugs, asusough AVS01-treated animals exhibited the most steady increase. It should be 
noted that the singie normal control killed and assayed at each sampling time tended to exhibit 
considerable fluctuation, presumably due to the method of cell counting which can tend to be 
somewhat inaccurate. 

fill*8?'1 ^eram.yirus Tite[s: (Table and Figure V-6). Viremia was seen in these s.c- 
noculated mice by the first day after virus inoculation, increasing to maximal levels exceedinq 6 
logio by day 2 and maintaining at high levels until death of the animal. A similar, rapidly developing 
viremia occurred in each treated group of mice, with the titers reaching the same high level but 
thej"Jap!dly declining to low or undetectable levels by day 5. Only AVS01-treated mice' still 
exhibiteu approximately one log10 of virus on days 5 and 6. It should be pointed out that the 
single treatments given were done orally on day 1, after virus titers were already high in the serum 

Effects on Liver ¡'¡rus Titers: (Table and Figure V-7). The virus titers in the livers of virus 
control mice increased dramatically by infection day 2 and maintained at high levels until the 

K íaiLa T.ue v,rui ‘'î6^ also 'teased in the livers despite treatment with all three 
d/^t after 2 days these declined rapidly to low or below detectable levels by day 5 Only 
AVS01-treated mice showed relatively high virus titers (1.2 log^) by days 5 and 6. 

Effects on Spleen Virus Titers: (Table and Figure V-8). The spieen virus titers developed in 
a pattern simi.ar to that seen in the liver in the contre' mice. In the drug-treated group the virus 
also developed, but to a somewhat lower maximal level and then they declined rather slowly to 
unde ectable levels by about day 10. In this study, AVS206 was somewhat more effective than 
he other compounds used. In mice treated with AVS01, some virus was still seen at less than i 

logic titers at the 16,19, and 22 day sampling periods. 

Effects on Kidney Virus Titers: (Table and Figure V-9). Kidney virus was initially seen in the 
control mice on day 2 of the infection. The mean virus titers at this time, which were maximal then 
were approximately 4 logic. The virus titers in all drug-treated groups were initially one-half to over 
1 logic lower than those in the control mice, and, after the initial peaks seen on days 2 or 3 
declined to low or undetectable levels by day 5. AVS01-treated mice continued to have 
detectable virus in their kidneys at 4 different assay times after the titers in mice treated with the 
other two drugs were below the limits of detection. 

Effects on Lung Virus Titers: (Table and Figure V-10). Lung virus titers developed in the 
virus control mice essentially as in the other tissues, although did not achieve the same high titers 
Therapy with the 3 drugs again had a similar effect as above, with AVS01 still having slightly less 
enicacy. 

.. . Effects on Mesenteric Lymph Node Virus Titers: (Table and Figure V-11 ). The virus titers in 
the lymph node tissue developed at the same rate as other tissues but to lower titers not 

2,5 091 °' DrLI9 ,reatment lowered the titers to limits of detection, although only 
AVS206 kept the titers below detectable limits. 

. „^ecfs 0£r?PÍr,a/ Cord Virus Titers: (Tab|e and Figure V-12). We have previously found the 
hepatotropic PTV to penetrate brain tissues when inoculated s.c., as described in the 1989 4th 
Quarterly Report It was interesting to find that the virus was also seen in the spinal cord 
beginnmg by one day after infection. This very early occurrence of virus in this tissue suggests to 
us that the spinal cord itself may not have been infected, but the spinal fluid surrounding the cord 
would be infected since the viremia in the animal occurs very early in the infection. Perfusion of 
the tissue would not affect the virus in the spinal fluid. Treatment with each compound reduced 
the recoverable virus titers, but only AVS206 kept the virus below detectable limits. 

Effects on Brain Virus Titers: (Table and Figure V-13). Brain virus titers were seen by day 2 
of the infection; this was quite surprising, since it has been assumed that if the virus developed in 
the brain it would probably do so rather late in the infection. These data suggest that, although 
the animals were perfused, there was either virus from the spinal fluid contaminating the brain 
tissues, or virus in the blood remaining in smaller capillaries in the brain. Treatment with all three 
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Sl«fhTÍnhlírtan,ocet?hCcble MmS by day 7: a9ain*in view 01 the P°or Penetration of neuronal 
the brain^issues d 9 d SU"e 3n ® ®Ct 0f elimina,in9the viremia ra,her than virus in 

Conclusions 

MiC^ i?f®Cted. witu PTV rapidly devel0Ped a viremia with virus titers exceeding 106 being 
Iîîîv!reî « r°mrP ace?°'trea,ed mice by 2 days a,,er virus inoculation. Virus was similarly 
frnm'íhícl «mi1 o®rS’ ?n9.S’ !pleeuS’ kldneys- mesenteric lymph nodes, spinal cord, and brains 
.om these same animals at about the same time periods as viral recovery from the serum White 

blood cells declined in number with the development of the infection, and hepatic icterus 
increased concomitantly, together with SCOT and SGPT levels. A single p.o. treatment given 24 

flccnSri1!? ir?KCUi?iIOn Wlth LD50/16 Usages of AVS01, 02, or 206 prevented the PTV- 
° ^ ^ s,9nif|cantly lowered the already developing viral titers in the 

detfiJtaîinï f UA®wcinJh,S exPer,ment. AVS01 was least effective in keeping the virus below 
detectable limits. AVS206 was consistently most effective. 
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Table and Figure V-1. Expt. PtA771-773. Effect of Single 
p o. Treatment with AVS01, AVS02, or AVS206 on Punta 

Toro Virus Infections in Mice (Death and Weight Loss 
Parameters). 

Animals: 10.0-11.4 g (3-4 wk) C57BU6 Treatment Schedule: Once only, 
w. „ A . Micf- . „ 24 hr post-virus inoculation, 
virus: Adames strain Punta Toro virus, Treatment Route- p o 

s.c. injected. 
Drug Diluent: Sterile H2O. Experiment Duration: 21 days. 

Dosage Surv/ 

Compound (mo/ko/dayl Total 

AVS01 41 5/5 

AVS02 71 5/5 

AVS206 82 5/5 

h2o 

Normals_- 5/5 

Tox. Control 
Host Wt. 

Change (gV1 

0.2 

0.6 

0.5 

0.7 

Infected. Treated 
Surv/ MSTb 

Total 

9/10*# 

9/10** 

10/10** 

2/20 

(davsl 

7.0 

5.0 

>21.0** 

5.2 

difference between initial weight at start of treatment and weight 18 hr following 
final treatment of toxicity control mice. d 

bMean survival time of mice dying on or before day 21. 
100, 

60 . 

*P<0.05 *• 
P<0.01 

J 
60 

% Death 

40 

AVS01 

AVS02 

AVS206 

Virus Controls 

20. 

0 —i—r 
0 1 2 

i——r 
3 4 5 6 7 8 

—--OO 

'•ill—i—r—i—i—i—i—1—4 
9 10 11 12 13 14 15 16 17 18 1920 21 

Days Post-Virus Inoculation 
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Vl‘ toroCTVIRUSA INFECtÎons°N 0F AVS01 AND AVS5587 on in vivo punta 

Introduction 

In the 1989 Annual Report, we described the strong anti-PTV effects of AVS5587 (7-thia-8- 
°*°9“anoS'"e)-an 'mmune modulating compound with antiviral activity also against other virus 
infections (1). It was found the compound was effective when given i.p. to PTV infected mice in a 
divided dose as iate as 36 and 43 hr after virus inoculation. In view of this activity this compound 
appeared to be a likely candidate to be used in combination with AVS01 (ribavirin) against the PTV 

Two approaches were used in the design of the experiment: 1) To attempt to reduce the 

i0nt'C' yi° ? 5igh' usually lethal dose of ribavirin using AVS5587, and 2) to enhance ribavirin's 
antiviral activity/n v-vo using AVS5587. 15 

This report describes our experiment investigating this drug combination. 

Materials and Methnrt« 

Virus: Adames strain PTV ss described earlier was used. 

n„ar=n¡ü!ÍISLÍemale0,d4CJ7BL76.mice weighing 10-13 g were obtained from Simonsen 
Quaictntine, caging, and feeding of these mice was as described in previous sections. 

FariiifvO,i7nrOUA^niAVS01HA^S5587 were Pr°vided by Biological Research Faculty and 

solution at pH 8 6S8 9 (Í) Ved m W3ter and AVS5587 was dissolved in a 2% bice,Donate 

ExPerimen[ Design: AVS01 was administered p.o. twice daily for 3 days beginning 24 hr 

EmlnfrT0003 ,0h' ^35587 was iniected ' P- 24 and 31 hr post-virus inoculation9 Both 
. eFirrfnS have been Previous|y shown by us to be highly effective vs PTV infections in 

mice. A total of 5 expenments were run in parallel, as follows: 

#1 (PtA 774): AVS01 only, at dosages of 1250, 25, 12.5 and 6.25 mg/kg/day. These 
dosages were selected because the high dose is known to be somewhat lethally toxic to 
mice and the lower doses were generally below the acceptable active dose of the 
compound. 

#2 (PtA 775): AVS5587 only, at dosages of 25, 12.5, and 6.25 mg/kg/day. these dosages 
were previously found by us to be marginally effective or inactive against the virus infection. 

#3 (PtA 776): AVS01 at dosages used in #1 + AVS5587 at 25 mg/kg/day. 

#4 (PtA 777): AVS01 at dosages used in #1 + AVS5587 used at 12.5 mg/kg/day 

#5 (PtA 778): AVS01 at doses used in #1 + AVS5587 at 6.25 mg/kg/day. 

K0i^An expanded Parameter anti-PTV experiment was run in each study, the disease parameters 
SninTS mean su^.ival «me. '¡ver score, SCOT, SGPT, liver virus and serum virus titers, 
miro ac rínrmai U|Sed 'l? fach ,reatment group, 40 mice used as placebo-treated controls, 20 

.3S n,0 ma con,rols and 5 animals in each treatment group as toxicity controls. One-half of 
®acHh ,3r®at™.n,..group' vrus controls, and normal controls were killed 4 days after virus inoculation 
r'ed;and ,he,r "vei;s removed. Livers were scored from 0 to 4, homogenates prepared from each! 
and the homogenates tested for virus titer. Serum was assayed for SCOT, SGPT, and PTV titers 
The remainder of the mice were held 21 days post-virus inoculation with deaths noted daily 
Results and Disrus?|ffn 

The overall results are summarized in Tables VI-1 to VI-5. 

* .. A^301 a,,125° mg/kg/day was lethally toxic to 80% of the toxicity controls mice (Table VM ) 

parametersC IV, y WaS 566,13t th6 25 m9/kg/day dosa9e on|y. reflected in essentially all evaluation 

hinh h«™8.7 US,e?3l?n3(Tab,le Vl'2) was effec,ive vs the disease using all parameters at the 
¡S level; the 12 5 mg/kg/day dosage treatment prevented death of the mice but activity 

modiS'hart nnnaLmD?!/eS,!d by dis®as® parame,ers- The low dose used of this immune modulator had no anti-PTV activity. 
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The use of 25 mg/kg/day of AVS5587 with the 1250 mg/kg/day dose of AVS01 (Table Vl-3) 
resulted in an apparent decrease in lethal toxicity of the latter compound, with only 20%. as 
opposed to the 80% deaths occurring. This combination then resulted in a maximal antiviral etiect 
in the mice, with literally no virus isolated from the animals, and liver scores, SCOT and SGPT 
revels reduced to normal values. At the lower levels of ribavirin, the drug combination could not 
be evaluated effectively since the AVS5587 at the 25 mg/kg/day dose was so active by itself 

^ Tlîe*!?o/f.r d0s®s10, avS5587 had no apparent effect on reducing the toxicity of the high 
dose of AVS01. with all the toxicity control mice in this group dying An unexpected observation 
however, was the 100% sunrival of the infected mice treated with this drug combination No virus 
could be isolated from the mice in this combination treatment group At the lower AVSOi 
dosages, use of the 12.5 mg/kg/day dose of AVS5587 was apparently synergistic 

Using the 6.25 mg/kg/day dosage of AVS5587 with the high dosage of ribavirin (Table Vl-5i 
again did not alleviate ribavirin's lethal toxicity, but again the PTV-infected mice treated with this 
combination all survived the infection and essentially al disease parameters were returned to 
normal values. The anti-PTV activity of the lower dosages of AVS01 were again enhanced by the 
combination of this lowest dosage of AVS5587. 

These data are presented in a different fashion in Table VI-6, and the near synergistic to 
synergistic interactions of the two compounds are also presented in Figures VM and VI-2 

Determinations of antagonistic, additive, or synergistic drug interaction were made by 
calculating fractional inhibitory concentration (FIC) indices, as was described by Allen et al (2) and 
Berenbaum (3) and used in evaluating our previous combination experiments (see 1989 Annual 
Report Sections XI and XII). Using this method, the interpretation of FIC indices in terms of drug 
interactions is as follows: ^ u uy 

<0 5 ■ synergistic 
0.5-0.89 - suggestive of synergy 
0.8-1.2 » additive 
1.2-2.0 - indifference to partial antagonism 
>2.0 - antagonism 

This is a slight modification of that given previously (2), in which additive 
defined with an FIC index 01--1.0 with indications of range around that value. 

The FIC indices for this study are seen in the bar graphs VI-1 and VI-2 
combination to be synergistic or near-synergistic. 

drug interaction was 

All indicate this drug 

Conclualona 

• ®®,yi^na*'on °* AVSOI (ribavirin) and AVS5587 (7-thia-8-oxoguanosine) was used 
A?,c™TV.!n ec,l0ns m H™® A d®,init® synerçy o» antiviral effect was seen. In addition, use of 
Avo5587 with a usually lethal dose of ribavirin reduced the ribavirin toxicity. 
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V"' PUNTA7 TORO Ç!rS!'N.Â?E0CTION8AV801 AN° AVS,76, °N VIV0 
Introduction 

. Jn ^®yi10u® rePOrts, we have described the striking anti-PTV effects of AVS1761 (poly ICLC) 
a known IFN inducer. In view of this activity, this compound appeared to be a likely candidate to be 
used in combination with AVS01 (ribavirin) against the PTV infection. V 

Two approaches were u^xl in the design of the experiment: 1) To attempt to reduce the 
S alar? /9 ; ,USUîly lethal dose ribavirin using AVS1761, and 2) to enhance ribavirin's 
antiviral activity at low doses using AVS1761 in combination. 

This report describes our experiments investigating this drug combination. 
Materials and Methods 

Virus: Adames strain PTV as described earlier was used. 

o, ,a"rfl!emale 3 ,We^k old,C57BU6 mice weighing 10-13 g were obtained from Simonsen 
Quarantine, caging, and feeding of these mice was as described in previous sections. 

Faniii^rAvini AVSS-1 ai¡ld ^81761 were Provided by Biological Research Faculty and 
Facility, Inc. AVS01 was dissolved in water and AVS1761 was dissolved in physiological saline 

Experiment Design: AVS01 was administered p.o. twice daily for 3 days beginning 24 hr 

treat men? reoimpn^ha ^81761 was 1in¡ec,ed ¡P- 24 and 72 post-virus inoculation Both 
mtï Î . regimens have been previously shown by us to be highly effective vs PTV infections in 
mice. A total of 6 expenments were run in parallel, as follows: 

#1 (PtA 813). AVS01 only, at dosages of 2000, 16, 5 and 1.6 mg/kg/day. These dosages 
were selected because ribavirin is known to be lethally toxic at the high dose and to have 
minimal anti-PTV activity at the low doses. 

,!1u' ÎVS1761 only, at doses of 0.32, 0.01, 0.0032 and 0.001 mg/kg/day 
selected to bra ket active and sub-active doses of this compound. 

#3 (PtA 815): AVS01 at dosages used in #1 + AVS1761 at 0.32 mg/kg/day. 

#4 (PtA 816): AVS01 at dosages used in #1 + AVS1761 at 0.01 mg/kg/day. 

#5 (PtA 817): AVS01 at dosages used in #1 + AVS1761 at 0.032 mg/kg/day. 

#6 (PtA 818): AVS01 at dosages used in #1 + AVS1761 at 0.001 mg/kg/day 

An exPanded parameter anti-PTV experiment was run in each study, the disease parameters 

SpnSZH iean Su?ival ,irre'liver SCOre’ SG0T' SGPT'liver virus and sertjm virus titers, 
n6C e<! miC? UiSed m fach trea,ment group, 40 mice used as placebo-treated controls 20 

Tá?? ?rL,°rm? con,rols and 5 an'rtials in each treatment group as toxicity controls. One-haif ol 
NaH a??ih .•9r0Up’ ^ c°ntrols- and normal controls were killed 4 days after virus inoculation 
d'ed;and ,heir llvers removed. Livers were scored from 0 to 4, homogenates prepared from each 
and the homogenates tested for virus titer. Serum was assayed for SCOT, SGPT, and PTV titers 
The remainder of the mice were held 21 days post-virus inoculation with deaths noted daily 
Results and Discussion 

The overall results are summarized in Tables VIM to Vll-6. 

.nh2,0^0,m9^9/day was le,hal|y to™ to 40% of the mice, with the remainder losing 
"frS.|trirough the treatment penod (Table VIM). The 16 and 5 mg/kg/day dosages were 
surpr smgty active, preventing death in 50 to 60% of the infected mice, although at 5 mg/kg/day 

SSan?8 ° oSeenwSin9 SUrvival as endP°int- Tb® lowest dosage, 1.6 mg/kg/day, resulted m 
significant virus titer reductions in liver and serum. 

^81761 (Table Vl1-2) was riighly effective at all but the 0.001 mg/kg/day dosage. This 
Seen USI?9 a evalua,lon parameters. Treatment with the 0.001 mg/kg/day dosage 

resulted in lower virus levels in liver and serum. All dosages were well tolerated. y 

annalhn?iC0mbin?,i0r\? AV8.01 with 0.32 mg/kg/day dose of AVS1761 (Table VII-3) was 
apparently more toxic than using AVS01 by itself, since all toxicity controls treated with the high 
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0 Oo4 th^?nh n U itl^a,ment K Because AVS1761 was marked|y e,,ective a< ‘he doses 
rincanAein rÄ0'3«2 m9.í9/day- enhanced efficacy could not be seen when using these 
SSL «« 2k b' 00 >VI,hany dose of ribavirin (Tables V'l-3-5). No reduction in toxicity of the 
high dose of nbavmn was achieved using any dose of AVS1761 (Tables VII-3-6). 

d™ Tîe ^6.81 mar9 nal|y PTV-inhibitory dose of AVS1761 did not appear to enhance the anti- 
PTV efficacy of any dose of AVS01 (Table VII-6). e a 11 

Conclusions 

OA hrT^almen, Wlth ,hf :ombination of AVS01 administered p.o. twice daily for 3 days beginning 
34 hr after virus moc^t.on and AVS1761 administered i.p. 24 and 72 hr post-virus inoculation 
was not effective in either decreasing toxicity of AVS01 or in enhancing the therapeutic efficacy ol 
either compound against PTV infections in mice. y 
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V'"- PW« TORO SwíriÂÍÉcT.ONS*''*0' *VS214’ °N "* 
Introduction 

VIVO 

inbJnn\e^LS^L°! exPerim®n,s (PtAl63-l66) indicated that the combination of AVSOi 
hat «ariLr^.ÍHVS2H 9 (a lP 9en) ü'38 syner9'St'C When used against in vivo PTV infections In 

that earlier study, doses of p.o.-administered ribavirin ranged from 0 32 to 150 mo/ko/dav 
aaily,l0, ! beginning 24 br pos,.virus ,noc°la,ion AmpligenTsÄ 

nSmon0*00.6^^.008?5 or 5 days be9inn'ng concomitantly with ribavirin We have since 
demonstrated that multiple ampligen treatments, spaced one day apart resulted in interferon 
hyporesponsiveness. We therefore repeated the abov, study, "educing 

nhr'Hn^hea,m9nLSJ0 3 days and ampN0en l,ealmen' '» a “b9'e in^tiln given 1 hr pnoi io 
nbavmn iherapy Ribayinn dosages were exlended to include 2 dosages which were lethafy toxic 

coSiton mne amP"9en ',aa,mer" W0Uld reduce ,he nöavirin 'oxichy when used in 

Material« and Method« 

Virus: Adames strain of PTV was used. 

CA) were7usedThree Week'0ld ,emale C57BU6 mice Provided by Simonsen Laboratories (Gilroy. 

Researc^Farnif^nníf T?n ,(AV t°J ’ 3nd amp,i9en (AVS2149) were provided by B.olog.cal 
Research Faculty and Facility, Inc. The ampligen was annealed as described in PtA 162-166 

Experiment Design: An expanded parameter anti-PTV experiment was run the oarametPr«; 

&r,?^rval liTO-.Iivar ^ SG0T' SGPT. „4 Vims aw serS« ,0, 
oix separate expenments were run in parallel, as follows: 

frl^nn44^^801 °rxren p o ,wice daily ,or 3 days beginning 24 hr post-virus 
moculation.atdosagesof 1500,1200,10,5, and 2.5 mg/kg/day. ^ ub 

52o"A0 8059anâ M059Ä9iVen 1P 0n“ °nl''23 hr ^ ^ in°cula"°"' al *aa9“ »' 

#3 (PtA 845): AVS01 at dosages used in #1 + AVS2149 at 5 mg/kg 

#4 (PtA 846): AVS01 at dosages used in #1 + AVS2149 at 0.5 mg/kg 

#5 (PtA 847): AVS01 at dosages used in #1 + AVS2149 at 0.05 mg/kg. 

#6 (PtA 848): AVS01 at dosages used in #1 + AVS2149 at 0.005 mg/kg 

virus?nTcîlationewfthritra^ï ^ c°7rols' and normal con*rols were killed 4 days after 
virus inoculation, bled, and their livers removed. Livers were scored from 0 to 4 homoaenatp«; 

ínTl^MK0^Pi?«iCh’<?00 ,he hom°9enates tested for virus titer using cytopathic effect production 

rrnorimoS , STKSerUm W?S aSSayed ,0r PTV ,i,ers and ,or SG0T and SGPT using Sigma 
colonmetnc kits. The remainder of the groups were held for a total of 21 days with deaths noted 

after flnaníeafríSm0^31 ^°18 We'9hed immedia,e|y prior ,0 troatment and again 18 hr 

Result« and Diacugaion 

The overall results are summarized in Tables VIIM to VIII-6. 

AVS01 at 1500 mg/kg/day was lethally toxic to all mice. At 1200 mq/ko/dav one toxiciiv 

50m2kQdoi ?^™VhS2l49 WaK r®asonab|y we" tolerated at all dosages, with only the maximal 
Wiffio SSkn/H^f AVQnie'?h , When AVS2149 was used at all doses in combination 

r AyS01, the lethal toxicity of the latter was reduced from 40 to 100% with 
?JL9Iea,eS t1!0™31'00 o* ,0xici,y occurring at the lowest AVS2149 dose (0 005 mg/kg) These 

toxicify effeefs'0 ereStin9’ ^ SU"eSt ,hat ampl'9en has ,he Potential to reduce ribavirin s acute 
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utilizidba™íi^ ac,ive vs ,he PTV in,ection at a",he doses 
8 was 0xPected' since the tow dosages were below the previously reported minimum 

aJy¿ucS<íi7«Í0«!^2!raiton !1)- ,At ,he h'9h dosages, the antiviral activity seen was manifested 
as reduced liver scores, hepatic icterus, and virus titers in the liver and serum The animals died 

dosages ^ ’ 6 *** 0f the experiment because ^ ,he ,oxic eHects of the drug at these hfgh 

Ampligen used alone (Table VIII-2) was highly effective in preventing death and reducina 
eCtedim'Cf a,!he 3 hi9hest dosages used. Virus titers were also significantly 

The ,owes,' °005 ^was essen(ia"y 

Combination therapies with ribavirin and the 3 highest dosages of ampligen (Tables vili-3-5) 
were not too definitive in view of the activity seen using ampligen alone at these dosages The 
combmation of nbavirin and the 0.005 mg/kg dosage of ampligen, however, yielded highly 
SiICÍT- r0sults 'nd'cative of a synergistic antiviral effect (Table Vlll-6). These effects9are 
portrayed in more detail in Figures VIIM to VIII-3. / are 

w»r«H?ÄuTn?-daiaHr?m a ind« (T|) standpoint, in »hielt TI , max.mum 
tolerated dose (MTD) divided by minimum ellective dose (MEU). the results were as Mows 

Compound 
AVS01 used alone: 
AVS2149 used alone: 
AVS01 + AVS2149 (0.005 mg/kg): 

H 
-120 
-100 
600 

chrtl„THhlSe'nd,Cate ?ruQ combination was more effective than either drug used alone It 
«hSUoH? P°int0d oul !h.at an exact MED of ribavirin was not obtained in this study; 10 mg/kg/day 

Ateo an MT?) W« ™? rl S 2°1 ^ 006 Param0t0r- 80 this *>se was assumed to be the MED 
atove 5 mn/kn ^c^c^ K6^81^ amP"S0n- For ,h0 Purposes of calculating the data shown 
above, 5 mg/kg was used, which, while tolerated, caused some weight loss. 

iFinAH«orr!h^eKUl ometh0d ,0r measurin9 synergy utilizes the fractional inhibitory concentration 
following foimuteby Berenbaum (2) and used by o,h0rs <3' 4) The F|C is determined using the 

FIC -M|C Drug A in Combination MIC of Drug B in Combination 

MIC of Drug A alone + MIC of Drug B alone 
The FIC index is interpreted as follows: 

FIC < 0.5: Significant synergism 
FIC 0.5-0.9: Suggestive of synergism 
FIC-1: Additive 
FIC 1.1 -1.9: Indifference or partial antagonism 
FIC > 2: Antagonism 

Tablai I IT combina,io'¡’01 ribavirin + ampligen using each parameter is seen in 
icfeVusiaddltivehe ^ Were cons,der0d ,0 be synergistic, or, using reductions of hepatic 

resuÂ^ÂZÍRvÂ*,inain9S 'hal amp"9an USed in “mbina,i0" m™'n 

whether'amoHnan^aat00568 is immunosuppressive (review, 5), it is not known 
Im.VrieÄ? ’ 2 r0CO9n,z0d 'nterferon inducer (6) which we have found to have other 

if SSSaÄÄ£SV,r8a ,M hoavinn's toxicity o, 

Concluelon« 

..a AVS01 (ribavirin) administered p.o. to PTV-infected mice twice daily for 3 days starling 24 hr 

svnerai^Íc^^ionwhan^ho^f6^0/!688 Ietha"y t0xiC and its an,i*PTV «^cts weTe inaeTsed in a 
i ïTnSSon 1 ï! « h. ï !n,ected m'ce W0re also treated with AVS2149 (ampligen) in a single 
i p. injection 1 hr pnor to nbavirin treatment. k a / « => y.c 

i5l 
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Figure VIII-1. Effect of the Combination of AVS01 ♦ AVS2149 on Survivor 
Increase In PTV Infected Mice. 

mg/kg mg/kg mg/kg 

**P<0.01 
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Figure VIII-2. Effect of the Combination of AVS01 + AVS2149 on Hepatic 
Icterus Reduction in PTV Infected Mice. 

mg/kg mg/kg mg/kg 
**P<0.01 
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Figure VIM-3. Effect of the Combination of AVS01 ♦ AVS2149 on Liver and 
Serum Virus Titer Reduction in PTV Infected Mice. 

*P<0.01 
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IX. 
virus^infectedEmice0N ,nduct,on by AV82149 ,n PUNTA toro 

imroductlon 

We have previously reported on the dramatic inhibitory effect AVS2149 (ampligen) induces 
on Adamee strain PTV infections in mice. We also confirmed the reports of others of ampligen s 
striking interferon (IFN)-mducing properties in the 3 week-old C57BL/6 mice used in our 
experiment8. Since this compound has exhibited anti-PTV effects using a variety ol treatment 
schedules, it was of interest to determine the relative IFN induction by this material using these 
various treatment schedules in the PTV-infected animal. We ft lt this information would be ol 
particular importance in view of evidence showing that multiple treatments with IFN inducers tend 
to result in a hyporeactive state in the animal when the treatments are spaced adequaiely apart 

This section describes these IFN induction studies. 

Material» and Mathod« 

Virus: Adames strain PTV as described earlier was used. 

n. .aralSK old C57BL/6 mic6 were obtained from Simonsen (Gilroy, CA) All were 
quarantined for 24 hr. They were maintained on standard mouse chow and tap water ad libitum 

AY?2149 was provided by Biological Research Faculty and Facility It was 
annealed by adding 20 ml of sterile pyrogen-free water to a vial, which was then placed in a 65X 
water both for 30-40 minutes, then allowed to sit at room temperature lor 1 hr. The contents were 

studies r'9era,ed Untl1 USed 11 WaS dilu,ed in sterile Ph0SPhate-buffered saline lor use in these 

IFN Assay: Samples to be assayed for IFN were placed in 0 1 ml volume on an 18-24 hr 
monolayer of L cells in 96 well microplates and allowed to incubate for 24 hr at 37CC Atter 

A/?vAatÍ?n’ ,h.eíellS were dLained and °-1 ml of a 103 CCID50/0.1 ml ol vesicular stomatitis virus 
(VSV) strain Indiana was added to each and incubated for 6 days at 37°C. Viral CPE was read 
microscopically after this incubation. The IFN titer was expressed as units/0.1 ml based on the 
maximum dilution of serum sample that inhibited VSV CPE by 50% or greater No attempt was 

Tec,8 h seParfe10u, «• ß-or Y. so we must presume all types were present in the samples 
fàiCM d;KX«/nLr«l « ,he s,udy were virus con,rols' which were cells exposed to test medium 
(MEM with 2 /» FBS, 0.18% NaHCOa and 50 pg gentamicin/ml) and then to VSV, and cell controls 
which were exposed to test medium only. Serum from infected mice was treated with 1N HCl to 
bring the pH to -2 for an overnight period in order to inactivate any PTV present in the serum 

• « ExPeriment Design: Four treatment schedules were studied using this compound in PTV- 
mfected mice: Once only, 48 hr post-virus inoculation: once daily for 5 days beginning 4 hr pre¬ 
virus inoculation; twice daily for 5 days beginning 4 hr pre-virus inoculation; and every other day x 
3 beginning 4 hr post-virus inoculation. Two dosages of AVS2149 were used: 5 and 0 6 
T c o ayj vary'n9 finies after each treatment (or, in the case of twice daily treatments, after 2 
IFN titer 10 ,reatmen,s) 5 in,ected an<i uninfected mice were killed and their serum assayed for 

Bflaulti and Dlacu««inn 

SinolB l.P. treatment (Table IX-1): Treatment with both doses in uninfected mice induced 
detectable IFN at the 4 hr sampling time; IFN was still detectable at low levels by 12 hr, but not at 

^'l8^8™1 tîîre?ïf,r' Un,reated virus controls did not have detectable IFN until 48 hr after 
mïïî Thls1.IFN persisted for 1 more day, then was not detectable. In the PTV-infe:ted 
mice treated with ampligen 48 hr post-virus inoculation, the IFN titers reached much higher levels 
than seen in the uninfected mice and these titer persisted through 24 hr. Both dosages n the 

,n<?UC8<? essential|y the sam® IFN titers. This 48 hr post-virus inoculation ume of 
ampligen treatment was selected because ampligen has exhibited significant proteriion to PTV- 
mfected mice in previously reported studies. 

( Qd X 5 LP. treatment (Tsblfi IX~2): Ihthisexperiment, IFNsamplingwasdone2, 4, andi2hr 
after ampligen treatment. At these relatively early sampling times, the placebo-treated virus 
controls had not yet exhibited detectable IFN. After the initial treatment, IFN was detectable at all 3 
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!¡,nS ‘mÍÜ®‘°*ic!,y controJ animals' coordinating oasonably well with the single 
treatment study. Note that since ampligen treatment was given 4 hr gift-virus inoculation, the 2 

St*.!ïirapy samlPlin9times WOuld be at times before virus was introduced, so the ifn 
o^°UW h®,38 ,he ,oxic,ty con,ro,s in Parallel 11 'S interesting that nc IFN was 

nfJpn 12 hr samP,in9t,r^' whereas in the single treatment study, where ampligen was 
inoculat'on; h,9h IFN titers were seen. This suggests the time of amphgen 

eatment relative to virus inoculation is quite critical to the amount and rate at which IFN is 
mauced. 

daiiy ,h®raP'es continued beyond 2 days, little or no IFN was seen in the toxicity 
diCa l?9. he an,,c'Pa,ed hyporeactive state indeed occurred in the animal It was 

!h i?mti ° e ha ï 3 most no time in ,hls exPeriment was IFN detected in the infected 
2 « fhi I a3a"l ind,cat,n9the crt'cal nature of time of therapy relative to virus inoculation as 
well as the probable development of hyporeactive state. 

bid Jf 5 I.P.,treatment (Table IX-3): In this experiment, uninfected mice treated twice with 

S w«rÍaadr.?!SÍ 'lí1 l?!rS aial'3 samP|in9 hmes. It should be pointed out that the sampling 
times were actually 10, 14, and 22 hr after the first treatment, and thus the IFN titers seen mav 

thawhfein!>ahreSU 1 °!,he ,irSt ampli9en injection, and not the second. If true, these data indicate 
at0c»h.?ml2« samplm9 Per)od used in the above-described qd x 5 experiment, which was the 
latest time sopiés were taken, may have been too early for the infected, treated animals Not 
surprisingly, little IFN could be detected following subsequent treatments. 

. ,999 X 3 i,p, treatment (Table IX-4): These results again indicate that when ampligen was 

.and*hln¡n !!íief r'y m,in,ec,!0n'this ,ime 4 hr Post-virus inoculation, the IFN production is less 
m the infected animals than in the toxicity controls run in parallel. In this study, a hyporeactiveness 
that in9»ha feen.;but sPaoin9 tbe treatments further apart enabled some further activation of IFN so 

rrillf °X,CI y con,rols ,rea,ed 3 ,imes Wl,h ampligen a relatively strong IFN induction was still occurring. 

nnoclîn8^«0.?3’ esP?cially with the multiple treatments beginning early in the infection, incite a 
hS0.?' f he amP1l'9en treatment in the infected animal does not induce IFN as early or in as 
„ 90 a t'ter âs in uninfected mice, why do such treatments still protect the PTV-infected mice'? it is 

SaTOÄ'ffi'Sei™8 in ,heS9 ex‘*rtmenls >“> ««y. and later limes may have 

nrac™8JT!5n!!?n!d in Materials and Methods, in order to cope with the almost certain 
m-,he serum which would P°ssib|y affect our IFN assays, lhe serum 

cafrfm?3 Td h' ? ^ 0 )nac,lva,e ,h® virus. Could the acid have affected the IFN titers in the 
iorn^L ma® ®XP°Sed IFN inducéd by W'V ' C to the acid treatment, and 

h FN i e A° ,hf same sample which had not been exposed. No significant 
differences were seen in titer. In addition, the data in Table IX-t showing hig.ier IFN titers in acid- 

fT^rnnS miCe ,rea,ed wi,h amP''9en than in non-acid-exposed serum 
títereînthisstudya ed 0XICIty C°ntr01 m'Ce ThUS We concludi the acid was not affecting the IFN 

Conclualoni 

mo/vn/Iíf. \in,®Ct®^ .Wi,h. PTV were ,reated ' P- with 2 concentrations of AVS2149 (5 and 0 6 
U^^ay) usmg 4 treatment schedules: Once only 48 hr post-virus inoculation, once daily for 5 
days beginning 4 hr pre-virus inoculation, twice daily for 5 days beginning 4 hr pre-virus 

m?cCe tmatn«dan^eoVeryi0,.h?r day ,or.3 treatments beginning 4 hr post-vims inoculation In the 
only¡¡a,e m the infection, a significant IFN induction greater than seen in 

8 °.r lî?.uniryec,ed' treated mice, occurred 4 hr after treatment and persisted for 24 
al! other studies, less IFN was seen in the serum of PTV-infected, treated mice than 

n^«rLt5ilhL^nir!!e^i,®.d’treated animals. In addition, a definite hyporeactive state occurred in the 
hJporeSh!eCcodrSitíòn 3 ed SpaCin9 th®treatment 10 other day partially alleviated this 
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Tabit IX-1. PtA784. Efftcts of ■ Singlo l.p. Treatment with AVS2149 on 
Intorforon Production in PTV-Infactad Mica. 

Animals: 3 weak-old C57BL/6 Mice Treatment Schedule: Once only, 
w. 48 hr post-virus inoculation, 
virus: Adames strain Punta Toro virus, Treatment Route: i.p. 

s.c. injected. 
Drug Diluent: Sterile Saline Experiment Duration: 21 days. 

Dosage 
Compound fmo/ka/dayl 

AVS2149 

Mean Interferon Titer (logio units/0.1 ml) 
- Time Post-Treatmflnt_ 
iSSJU :24Jir QJir liH 12 hr 24 hr 36 hr 48 hr 

Infectad 5 

0.6 
Toxicity 5 

0.6 

Virus Controls — 

Normals — 

nr nr 

nr nr 

nr nr 

nr nr 

0.0 0.0 

0.0 0.0 

nr 4.5 

nr 4.4 

nr 2.3 

nr 1.0 

3.0 nr 

0.0 0.0 

2.3 3.4 

2.2 3.5 

0.9 0.0 

0.6 0.0 

nr 1.8 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 
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Table IX-2. PtA786. Effects of Once Daily i.p. Treatment with AVS2149 
on Interferon Production in PTV-Infected Mice. 

Animals: 3 week-old 0576176 Mice 

Virus: Adames strain Punta Toro virus, 
s.c. injected. 

Drug Diluent: Sterile Saline 

Treatment Schedule: qd x 5, 
beginning 4 hr pre-virus inoculation. 

Treatment Route: i.p. 

Experiment Duration: 21 days. 

Compound 

AVS2149 

Mean Interferon Titer (logio units/0.1 ml) 
/ Dv,/,saSe V -Hffie Post-Treatment 
(mq/Kq/day) 2Jk üh 12 hr 

Treatment 1 Infected 5 1.8a 

0.6 1.3a 

Treatment 1 Toxicity 5 1.8 

0.6 1.3 

Treatment 2 Infected 5 0.0 

0.6 0.0 

Treatment 2 Toxicity 5 1.1 

0.6 0.0 
Treatment 3 Infected 5 0.0 

0.6 0.0 

Treatment 3 Toxicity 5 0.0 

0.6 0.0 
Treatment 4 Infected 5 0.0 

0.6 0.0 
Treatment 4 Toxicity 5 0.0 

0.6 0.0 
Treatment 5 Infected 5 0.0 

0.6 0.0 
Treatment 5 Toxicity 5 0.0 

0.6 0.0 
Virus Controls — — 

Normals — _ 

aUnifected animals at these assay times, so 

1.2a 

2.1a 

1.2 

2.1 

0.0 

0.0 

2.0 

0.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

0.0 

0.0 

0.0 

0.0 

0.4 

0.6 

0.0 

0.0 

0.0 

0.0 

2.5 

1.3 

0.0 

0.0 

0.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

IFN titers are the same as toxicity controls. 
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Tablt IX-3. PtÄTSJ. Effects of Twice Daily l.p. Treatment with AVS2149 
on Interferon Production In PTV-Infected Mice. 

Animals: 3 week-old 0576176 Mise Treatment Schedule: bid x 5, 
A * 4 . , beginning 4 hr pre-virus inoculation, 

virus. Adames strain Punta Toro virus, Treatment Route- i p 
s.c. injected. 

Drug Diluent: Sterile Saline Experiment Duration: 21 days. 

Dosage 
CflmpQund 'ma/kg/dayl 

AVS2149 

Treatment 2 Infected 5 

0.6 

Trea‘ment 2 Toxicity 5 

0.6 
Treatment 4 Infected 5 

0.6 

Treatment 4 Toxicity 5 

0.6 
Treatment 6 Infected 5 

0.6 

Treatment 6 Toxicity 5 

0.6 

Treatment 8 Infected 5 

0.6 

Treatment 8 Toxicity 5 

0.6 
Treatment 10 Infected 5 

0.6 
Treatment 10 Toxicity 5 

0.6 
Virus Controls — 

Normals — 

Mean Interferon Titer (logio units/0.1 ml) 
-Time Post-Treatment 
2iir Ull 12 hr 

0.5 1.8 0.0 

0.0 0.0 0.0 

3.3 3.0 2.2 

2-1 2.8 0.7 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.2 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.8 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.4 0.0 

0.0 0.3 0.0 

— 0.0 0.0 

— 0.0 0.0 
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Tab,# . Eî,#ct# of EverV other Dfly I p- Treatment with 
AVS2149 on Interferon Production in PTV-Infected Mice. 

Animals: 3 week-old C57BL/6 Mice Treatment Schedule: Every other day x 3, 

v/ir, „ A . 4 . „ , beginning 4 hr post-virus inoculation, 
virus: Adames strain Punta Toro virus, Treatment Route- i p 

s.c. injected. 
Drug Diluent: Sterile Saline Experiment Duration: 21 days. 

Dosage 
CflmpQund (mo/ko/davi 

AVS2149 

Treatment 1 Infected 5 

0.6 

Treatment 1 Toxicity 5 

0.6 

Treatment 2 Infected 5 

0.6 
Treatment 2 Toxicity 5 

0.6 
Treatment 3 Infected 5 

0.6 
Treatment 3 Toxicity 5 

0.6 
Virus Controls — 

Normals — 

Mean Interferon Titer (logic units/0.1 ml) 
-Time Post-Treatmfint_ 
Sin Uir 12 hr 24 hr 

0.0 

0.0 

2.7 

2.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.1 0.0 0.0 

0.0 0.0 0.0 

3.0 2.5 0.2 

1.5 1.6 0.0 

0.0 0.0 0 0 

0.7 0.4 1.7 

1.7 0.7 0.0 

0.0 0.0 0.0 

0.0 0.4 0.7 

0.0 0.5 0.0 

2.3 2.2 0.0 

2.0 1.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 
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X. 

3ER?E8P W82v3?76!NTo“r'ÍvÍ?!,V¿3DUCT,ON 'N C*7BL,‘ "ICE *Y * 
Introduction 

... Jave previously reported in the 1989 Annual Report on the relative in vivo anti-PTV 
fp 'ctf“y°l!.J.senfeso,AlVS1761 (Poly ICLC) derivatives. As a follow-up ol those observations the 
determined y ° 3 8109 6 concentra,lon of each compound to induce interferon (IFN) in mice was 

Material» and Methods 

, *rwma/s: Three week old C57BU6 mice were obtained from Simonsen (Gilroy CA) All were 
quarantined 24 or 48 hr prior to use and maintained on Wayne Lab Blox r 1 tap water ad libitum 

c^m0TP0u^s: AI1 comPounds were submitted to us by Biological Research Faculty and 
Facility, Inc. These were: AVS5588, 5589, 5590, 5591, 5592, 5593, 5594, 5595, and 5596 

S,?mpl«SJ° b,f assaVed ,or IFN were placed in 0.1 ml volume on an 18-24 hr 
monolriyer of L cells in 96 well microplates and allowed to incubate for 24 hr at 37X After 
incunfition, the cells ware drained and 0.1 ml of a 103 CCID50/0.1 ml of vesicular stomatitis virus 
(VSV i strain Indiana was added to each and incubated for 6 days at 37°C Viral CPE was read 

y a,te!thiS incuba,i0n- The IFN ,i,er was exPress^ ^ units/o.1 ml based on me 
maximum dilution of serum sample that inhibited VSV CPE by 50% or greater No attemot was 

assavfd “ÄTn Í1 Ç,’0r^ 50 we mus' 'Vs were presen. ¡n° theTamp^s 

S withS fbI o atSm rtnTsnC0n,r0'?' whic’’ “e,e cells exposed 10 ,esl TOdlum tMtM witn 2 ,o FBS, 0.18 /o NaHCOa and 50 pg gentamicm/ml) and then to VSV, and cell controls 
which were exposed to test medium only. 

n^^riment Xwenty mice wer8 in»ected ' P-with 0.1. and. in some cases if adequate 
sera afiaved mfiFN ? °'215_m9/^°,.,hf respective compounds. Five mice were killed and^heir 
|SneparaHe3yed ° FN 2’ 6’12' 3nd 24 ^ 3 er' AS 3 posi,ive contro1. AVS1761 (poly ICLC) was run 

Results and CMcusslon 

titerfi1niS8«ionftChrSUrf X'.1): T.h'S Ta,erial induced IFN ir' a rela,ive|y weak manner, with 
units/Õ í míyby32 hfs ,rea,ment and raising slightly to a oeak of approximately 1 log10 

induriinn5^ (F'9Ure X'2): Th's comPound caused a rapid and marked IFN 
sampling period ' ®r Seen usm9 b0,h 0'1 and 0 ?'6 m9/kg/day dosages by the 2 hr 

seen usfng'this œm'S (Fi9“re X'3,: * rela"VelV Sl°W am 0nly m0<,e,ale IFN in<iuc,i0" was 

ICM iîyï591 (“''-C-CM-ß-C-dextrin") (Figure X-4): This compound induced a rapid and marked 
tkN ^01100, Wl,h maximal titers exceeding 3.5 logio units/0.1 ml seen by 6 hr after treatment 
The IFN persisted over 24 hrs. 

AVS5592 (“ICL-GEL”) (Figure X-5): The IFN response induced by this compound was also 
quite rapid and strong, with peak IFN titers seen at the 12 hr assay period. C°mpouna was also 

AVS5593 ( ICL-Sulfated Gel") (Figure X-6): This material induced a rapid, relatively hiah IFN 
response with peak titers seen by the 2 hr assay time. 

., A?5?94 * iCMPt-L-dextran)") (Figure X-7): A good IFN induction approximately 3 login 
units/0.1 ml was seen using this compound. Peak titers were seen 6 hr after treatment. 

rocrv^f«??5 ("’^(PLL-dextran)") (Figure X-8): This compound induced a moderate IFN 
response of approximately 2 logio units/0.1 ml by 6 hr after injection of 0.1 mg/kg. 

antiu^8^96*(XLC (r!eat cycled)’) (Fi9ure x*9): This heat cycled material, which had very weak 
h? ï n Í ty’ W3S 3 S° 3 P00r IFN inducer- with a mean IFN titer of approximately llog10 

trareit wiÄ compSunTr Th¡S W3S ,he °n,y time IFN W3S detected ^ 
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inriiirftrt a1rln¡H 9 X'10):. Jh's C0mP0und, run as the positive control standard, 
h?n,?n?io ^dA ^ h'9h r®,sponse' w,th peak ti,ers seen by 2 hr and persisting at high levels 

through 12 hr. Approximately 1 togio units/ml of IFN was still present by 24 hr after treatment. 

fiflneral Commentary 

J! waf mteresting that IFN induction often, but not always, matched the relative antiviral 
efficacy. For example, the known positive standard, poly ICLC, which was highly active vs PTV 
waf ®rapic* anb marked inducer of IFN. Similarly, the antiviral activity of AVS5591, AVS5592 

PT?/^S5?93«AwoeicoomPuartd t0 ,heir IFN induction- Contrasting with this was the weak anti- 
AVQiSSa'o. ï iwllcln ’ was one of ,he best IFN inducers seen in our experiments. Also 
^588 and AVS5590, which were relatively effective vs PTV< were only weak to moderate in 
tneir ifn induction. 

It is possible that the type of IFN may be important; we have not yet determined which type of 
IFN was being induced in these studies. 

h¡ We™st 9,en®rallX conclude- »bat, as has been reported previously, PTV infections are 
highly sensitive to the effects of IFN and thus IFN inducers are good candidates as potential anti- 
riv compounds. 

We 'f'61-® not iullV informed as to the exact constituents of these poly ICLC derivatives, so can 
make no firm conclusions regarding the relation of their chemical structure to their antiviral activity. 
Conclualbna 

ah¡iit^e¡nHS 0f ic’m ICoC de.riva*iv®®; AVS5588-AVS5596, were compared with regard to their 
ab y !° ^duce.IFN m 3 week-old C57BL/6 mice. The IFN-inducing activity generally coincided 
well with their m vivo anti-PTV effects, although some exceptions were noted. The known 
positive standard, poly IC..C (AVS1761) exerted the strong IFN induction expected. 
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Figur# X-1. PT 205. Interferon Induction in 3 Week-Old 
C57BL/6 Mice Treated i.p. with AVS5588* 

24 
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Figure F-2. PT 206. Interferon Induction in 3 Week-Oid 
C57BL/6 Mice Treated i.p. vith AVS5589.8 
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Figure X-3. PT 207. Interferon Induction in 3 Week-Old 
C57BL/6 Mice Treated i.p. with AVS5590.8 
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Figure X-4. PT 208. Interferon Induction in 3 Week-Old 
C57BL/6 Mice Treated l.p. with AVS5591? 
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Figure X-5. FT 209. Interferon Induction in 3 Week-Old 
C57BL/6 Mice Treated i.p. with AVS5592.8 
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Figure X-6. PT 210. Interferon Induction in 3 Week-CXd 
C57BL/6 Mice Treated l.p. with AVS5593.a 
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Figura X-7. PT 211. Interferon Induction In 3 Wttk-OkJ 
C57BL/6 Mico Treated i.p. with AVS5594.a 
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Figure X-8. PT 212. Interferon Induction in 3 Week-Old 
C57BL/6 Mice Treated i.p. with AVS5595.8 

I 

24 
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Figure X-9. PT 213. Interferon Induction in 3 Week-Old 
C57BL/6 Mice Treated i.p. with AVS5596.8 

178 



Figure X-10. FT 214. Interferon Induction in 3 Week-Old 
C57BL/6 Mice Treated l.p. with AVS1761* 
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XI. INTERFERON INDUCTION BY AVS5587 
Introduction 

reporled ,he strikin9 in vivo anti-PTV effects of AVS5587 (7-th¡a-8- 
?m^9Ua?0*ine! I ': Thls matei,al is known to be an immunomodulator, having several 

cTh,S rep0r1 describes the interferon (IFN)-inducing effects of this 
matenal in the weanling C57BL/6 mice used in our PTV experiments. 
Material» and Method« 

^Y?.5587 was provided by Biological Research Faculty and Facility, Inc. The 
matenal was dissolved in 2% NaHCOs in H2O for this experiment. 

\AJa\inanv\ We®nlin9 ¡f,male C57BL/6 mice (Simonsen) were used. All were maintained on 
Wayne mouse chow and tap water ad libitum. 

S,?mpl«SJ° b,? assayed ,or IFN were placed in 0.1 ml volume on an 18-24 hr 
monolayer of L cells in 96 well microplates and allowed to incubate for 24 hr at 37°C After 

lvC^f c?rna;n .LCt^Were iï™!and °-1 ml 0,3 103 CCID50/0.1 ml of vesicular stomatitis virus 
(VSV) strain Indiana was added to each and incubated for 6 days at 37°C. Viral CPE was read 
I"™™* a,,elr ,his incubation. The IFN titer was expressed as units/0.1 ml based on the 
maximum dilution of serum sample that inhibited VSV CPE by 50% or greater No attempt was 

a¿leviS !FhN h' 0rr 50 we musl presume 311 '"><* P'3«"”“ llîe Äs 
?mIm wiiho?/ ÏSI n fit M d^ere con,rols' which were cells exposed to test medium 
iUfch ? /o,NahÍC03and 50 P9 gentamicin/ml) and then to VSV, and cell controls 
hrinitK^nu6* 0 eS medlum on|y- Serum from infected mice was treated with IN HCI to 
bring the pH to -2 for an overnight period in order to inactivate any PTV present in the serum. 

nf innX?nr,n7e<2 Desj?n;' Mice were Seated i.p. once or twice 7 hr apart with AVS5587 at dosages 

theirseiumassaye^toMFNtiler ^ 9r°UP W'eki“ed '•3' 5'and 12 hf l3l3i ^ 
Results and Dlscuaaion 

anH Ihr®^!ül,S 01 th,is,l!?dy .3.6 summarized in Figures XI-1 and 2. AVS5587 was a significant 
artmin f»oraHdUCer l0,,.IFN’/1!vl,h hl9h ,lters seen by 1 hr after injection. When the drug was 

inïK. i T9 XM)’,he,llerswere no1 as as"han9'ventwice 7 hr apart 
Th^cKi - '7' . addl,l°n',he ,w0 ,reatments resulted in a prolongation of IFN titer through 12 hr 

not 25 mg/kg ^ ^ reSponsive' wi,h IFN seen when 100 or 50 m9'kg were injected, but 

traaJïnfe? reSUltS C0rr6la,e weN wi,h ^ previously described anti-PTV data (1), where two i p 
llh! lWere m2re e,,ed!i'e ,han a sh9le treatment. Also, the rapid IFN induction may explain 
inocularion0mPOUnd WaS 8,1 e,fec,ive when treatments were begun as late as 36 hr post-virus 

Conclusions 

troatman?!^ tw0..i p- íi® „î008 0.f Avs5587 induced significant IFN titers as early as 1 hr after 
treatment of weanling C57BL/6 mice. The multiple injections resulted in a prolonged IFN titer in 
the serum, through 12 hr after final treatment. M 9 l ierin 
References 

1' D F-J:.H-^n30-J-Coombs, J.W. Huggins, and R.W. Sidwell. 1990. Prophylactic 

^ SS'ÄÄ ia'8'0X09uan0sine a9ainsl Punla To,°virus in,ec,ions in 

2‘ foRQ6’ Anr'’■ HiA' 4Ala9hamandan, H.B. Cottam, B.S. Sharma, W.B. Jolley, and R.K. Robins. 
Mod 9A24-32 aC IVI,y 01 he n0Vel immune modulator 7-thia-8-oxoguanosine. J. Biol. Resp. 
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Figur« XI-1. Induction of IFN by a Single i.p. Injection of 
AVS5587 in C578 L/6 Mice. 
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Figura XI-2. Induction of IFN by Two i.p. Injections of AVS5587 
in C57BL/6 Mice. 

182 



XISEnoucÍon°in MS-?au6 m?ceAVS“85 on serum interferon 
Introduction 

A\/coooc^ave previous|y ,oun^ P °- treatment with Theracel compounds AVS2276 and 
S2285 were moderately effective against PTV infections in mice (PtA 866 867 879 880i 

r wilVh.e compan>'lndicale£l ,hare ** some indication "hat imerteron Tni 
hor2rt°n by thfs® subst3nces m3y be a mechanism of their antiviral activity. An experiment was 

ÄS'iithrr^^coula ^de,œ,ed in "*e used in ptv «pears 
Materials and Method« 

Compound: AVS2276 (Theracel no. BL-002) and AVS2285 (Thprarpi nn ri .ni9\ 
byBí?togica| Research Faculty and Facility, Inc., and in subsequent studies were 

sent directly to us by Theracel Corp. (Rockville, MD) in order to allow us to utilize freshly oreoared 
nutenal. Each was stored a. .20°C with desiccant until used. Each was pr^Uín sterite wafer 

used alter a% SÄ"™'" C57BU6 Were 0blaína<, l,om Slmonsan ^ 0A' ^ 

Samples to be assayed for IFN were placed in 0.1 ml volume on an 18-24 hr 
monolayer of L cells in 96 well microplates and allowed to incubate for 24 hr at 37°C After 

(VSvf sSn lnd'iaifa wac ^ V ^ 0f 3 1°3 CClD50/0-1 ml 0( vesicular stomatitis îirus 
s a n H13.03 W3S addecl t0 each and incubated for 6 days at 37°C Viral CPE was read 

microscopically after this incubation. The IFN titer was expressed as un^O ml based on me 

rnadetoleparate ouiTm^To^ ,ha'inhiWetl VSV CPE 50% »' Sreater w 
aesaved CoS«k ¡n ho Ci S' Y’ 80 We muSt presume 311 ‘^P®8 w®re present in the samples 
S with 2% FBS 0 a®/ Srnerea TÂ C0n,r0ls' which were cel,s ®xPosed t0 »es« medium 
which wSre exMsfdm tot moH^3^. cP9 9®[1,am,cirVm|) 3nd then to VSV, and cell controls 
hrinn »ho nu^J^o « ° est m?d'um on,y- Serum from infected mice was treated with IN HCI to 
bring the pH to -2 for an overnight period in order to inactivate any PTV present in the serum.^ 

dosaaes ïio ÎVS TÂÏf tre?ed P °- 3 sin9le ,ime wi,h ®i,her impound using 
semm tlken ffi h d «0°? m.9^9' TÍree mice ,rom e3Ch 9rouP were killed and 
and latèSwJd käVsIÄMFN re " Semm WaS im™dialal>' lro«n al -80»C 

BftSUltS and Discussion 

receiv!na^AVS2^7ß TfnTfl ?®teCtedJn/nth® of mic® trea,®d with AVS2285. In animals 
19 hr nno ohS2,276’. FN (2-8ul0910 uni,s/0-1 m|)was detected in a single mouse killed at 6 hr at 
mn/kn of .hddl l0na ^86^30 3n IFN ,i,er of 1-9 10 units/0.1 ml. Both mice received 125 
expected h8 COmpound- The known P°si,iv® IFN standard run h parallel had the IFN titer 

oral aavanooífhS^iíS! ^the8e comP°unds do not induce IFN when administered by 
oral gavage, or the IFN is produced very late (>24 hr) after treatment. Y 

Oral treatment was used at the suggestion of Dr. Esposito of Theracel who assured us the 

whan givan by ihat rau,e'and ,ha'was,he ,ou,e used in °ur 
Conclusions 

daleS!™AwmnBite'SAVS2f5 (BL'0,2) '"‘’“P'"2 aignilicant quantilies of eiectaoie ifn within a 24 hr penod after p.o. administration into 3 week-old C57BL/6 mice. 
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(4). 

XIII. REVERSAL OF THE ANTI-PTV EFFECTS OF AVS5587 BY TREATMENT 
WITH ANTMNTERFERON ANTIBODY BY TREATMENT 

Introduction 

The nucleoside analog 7-thia-8-oxoguanosine (AVS5587) has been previouslv reoorted bv 
us to have marked antl-PTV activity in mice (1). The compound is known lo be a Soaical 

adi^tofof^acîor^an^?9^^Th*UCin^ proP®rties as we"as bein9 an NK cell activator and an 
Thie?t?H0> macropba9®s (2- 3). The compound does not have a direct anti-PTV effect in vitro 

materialexertslts/nLanïïw^'™ ,he primary mechanism 

Materials and Method« 

Ä iÄÄNÄr35 PUrChaSed ,rom LM Bi0TOtolar 'San Diego, CA) I, was 

thoc/eïïï5' F®mal® 3C57BL/6 mice were obtained from Simonsen (Gilroy CA) for 
these studies and used after a 24 hr quarantine. ' y' ' 0 

Virus. The Adames strain of PTV was propagated as previously described by Sidwell et al 

Experiment Design: Mice were inoculated s.c. with i0 50% lethal doses of PTV thpn 
^aieb,p. ^ AVS5587 or AVS01 24 and 31 hr later. Dosages of AVS5587 weœ 50 and 25 
levp|9anfi^!>n^fVinniWaS USe^ at 350 n^Q/kg/day. Ten infected mice were used at each dosage 
wem mrfin naraiiof S|Were treated ^ P3'3"61 with H20- Toxici,y controls using 5 animals/dose 
irîJ p.ara, el- n a concurr0nt study, PTV-infected mice treated with AVS5587 were also 
treated 30 min after the initial AVS5587 treatment with anti-IFN antibody at a dosage of 2000 

nScfwemheiH ?iCHatr0lS’3nd non'in,®c,ed mic® w®r® a|so treated with the antibody. All mice were held 21 days with deaths noted daily. y 

Results and Discussion 

summaSri2pl?nTahiaSYiii8i7 ^ was#found,í° b® significantly inhibitory to PTV infection, as 
summarized in Table XIIM. These data confirm our previous results (1) The single anti-IFN 

reversed thLS an,iviral e,,e"t- with a" inf®®‘®d mice Siving both 
^H?r5m8i d M ubody dymg more rapid|y,han th® Placebo-treated controls (Table Xlll-2) The 

lÂÂSreÂs"0™' IFN'Pr0dUCin9 capabili^ »hiCh wulb saJa ">a' 

PTV ISud3£JnhdiC3,e that ,h? IFN induc,ion of AVS5587 appears to be a key factor for anti- 
micVe bÄ r^minMnHPreTh0US y desc"bed *h® raPid and h'9b 'eveI of IFN induced in C57BU6 
Ascribed bv qZP «t ai JH "Tf? 0,.th,s ®,,ect bV anti-IFN antibody is similar to work 
described by Sm®, et al. previously (5) using Semliki Forest virus. Although natural killer cell 

^protecting mice írom^TV.001^ “ * ^P3™1 th3t immunol°9ical response is not significant 

Conclusions 

PTvínfL't^nrT^A^ÍpTÍ/85*58,7 (7*thia;8-oxo9uanosine) has therapeutic potential against 
i:rj.TeCtl°nSVTheant|-PTV actlv,ty was eliminated by concomitant therapy with anti-IFN a/Q 
antibody, indicating the rapid IFN induction by AVS5587 plays a major role in protecting the mice 
References 

1 for A?DS cnr A?n? JlTfi1'9^' Dire^tory of Antiviral and Immunomodulatory Therapies tor AIDS. CDC AIDS Weekly, Jan 1, pp.10-13. Birmingham. 
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Taw1,i“i‘»i«E.X,pt P,f872- E,,ec, of Mul,|p|« Ip- Treatment 
With AVS5587 on Punta Toro Virus Infections in Mice. 

Animals: 11.6-12.9 g (3-4 wk) C57BLy6 
Mice. 

Virus: Adames strain Punta Toro virus, 
s.c. injected. 

Drug Diluent: 2% NaHCOa in H20 

Treatment Schedule: 24 and 31 hr, 
post-virus inoculation. 

Treatment Route: i.p. 

Experiment Duration: 21 days. 

Dosage 

Compound (ma/ka/davl 

AVS5587 

Ribavirin 

H20 

Normals 

50 
25 

350 

Surv/ 

Total 

5/5 
5/5 

5/5 

5/5 

Tox. Control 
Host Wt. 

Change (q)a 

0.0 
0.4 

0.1 

0.9 

Infected. Treater! 
Surv/ MSTb 

Total fdavsl 

10/10** 

8/10** 

6/9 

1/10 

>21.0** 

8.5** 

6.3 

3.8 

initi? Weight at start of treatment and weight 18 hr following 
tinai treatment of toxicity control mice. a 

bMean survival time of mice dying on or before day 21. 

*P<0.05 **P<0.01 

Conclusions: AVS5587 was markedly inhibitory to PTV in this experiment 
Compare with Table G-2. 
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Table XIII-2. Expt. PtA861. Reversal of PTV Inhibitory 
Effects of AVS5587 by Treatment with Anti-IFN Antibody. 

Animals: 11.7-12.6 g (3-4 wk) C57BL/6 Treatment Schedule: 5587: 24 & 31 hr post 

Mice. 
inoculation. 
Virus: Adames strain Punta Toro virus, 

s.c. injected. 
Drug Diluent: 2% NaHCOa in H20 

Anti-IFN: 24.5 & 31.5 hr post-virus 

Treatment Route: i.p. 

Experiment Duration: 21 days. 

Dosage Surv/ 

SflmPQUnd (mo/ko/dayl Total 

AVS5587 + 
Anti-IFNC 

Tox. Control 

Anti-IFN 

Ribavirin 

H20 

Normals 

50 
25 

4000d 

350 

5/5 
5/5 

3/3 

5/5 

5/5 

Host Wt. 

Change IçŸ 
0.8 
0.6 

0.9 

1.0 

1.4 

infected. Treated 
MSTb 

(days) 
3.6 
3.3 

Surv/ 

Total 

0/10 
0/10 

0/7 

10/10** 

1/10 

3.3 

>21.0** 

5.8 

difference between initial weight at start of treatment and weight 18 hr followinq 
final treatment of toxicity control mice. a 

bMean survival time of mice dying on or before day 21. 

c2000 units/mouse/treatment, 

du nits/mouse. 

*P<0.05 **P<0.01 

Conclusions: Treatment with anti-IFN antibody reversed the anti-PTV effects of 
AVS5587. Compare with Table G-1. 
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XIV' VWSCTmFlcTloNMSA?N'wBuVm'cI °N PUNTA TORO 
Introduction 

[ep°^ed (19®9 Annual RePort) that administration of human IL-2 
(AVS5079) had a significant inhibitory effect on PTV infections in mice. In that study murine IL-2 

KU^!?r^US.Uaiy rec‘uc®d. by PTV infection- restored by IL-2 treatment, and natural killer 
(NK) cell activity depressed by the PTV infection appeared to be stimulated by IL-2 treatment. 

The present report describes a study designed to confirm the previous results and to 

!iS0 -bf e.ff®ctsof IL'2 on eduction of interferon (IFN) and on activity of NK cells in both 
m ected and uninfected mice. We felt it was important to use the same lot of IL-2 in this confirming 
study, because of a shortage of the material, we were unable to use the maximal (25 000 
units/mouse) used previously, but were able to use lower dosaues. 

Materials and Methods 

Virus: Adames strain PTV as described earlier was used. 

a 94 írnSf'n«Thre rii'eek'0ld C57BL76 mice (Simonsen) as described previously were used after 
a 24 hr quarantine. They were maintained on standard mouse chow and tap water ad libitum. 

iVS,5.07? (human rlL'2) and AVS01 (ribavinn) were provided by Biological 
Research Faculty & Facility, Inc. for these studies. The rlL-2 was used in 5% dextrose in water for 
iDjuCiion. 

• Mre ^ 2 Procluct'on Assay: Splenic lymphocytes from infected animals were tested for 
their ability to produce IL-2 by incubating them (2 x 106 cells) in 2 rr' of RPMI-1640 medium 

ST 1??7!ptalhb0Vine Serum' 1% Priyritohemagglutinin /’HA), and 2-mercapto 
etl.anol. After 48 hr at 37 C, the supernatant was harvested, centrifuged a 500 x g for 5 minutes 

Siiifinnc Tfh s’ ^ assayed for IL‘2- The IL'2 assaV bone by adding 0.1 ml of serial 2-fold 
?n4 2Î o the suPerna,e t0 triplicate wells in 96-well flat-bottomed microplates, after which 4 x 

ion linl ¡/n i'!] °-1 H1 medium were added t0 each wal1’ The HT-2 cells, a murine Balb/c cloned 
ceil line, is IL-2 dependent for its growth. The cell-supernate mixture was incubated at 37°C for 20 

r, pulsed with [ HJthymidine, incubated 4 more hr, and the radiolabei uptake determined. 

Assay for Human IL-2 in Serum: Serum taken from rlL-2 treated mice was assayed for the 

m«e?/ne MA^UmTK l'2 USm9 lnter1est-2 human ELISA kit produced by Genzyme Corp 
^ T accordin9 to the kit instructions. As controls, a known 

concentration of human IL-2 and a known negative sample was tested in parallel. 

¡n o JlitUralKi"e,r fe// Assa/ Spleen cells were assayed for their ability to lyse YAC-1 tumor cells 
^HCfS°na'Ch:T,urelease assay (5)- YAC cells were 'abe led with sodium chromate-51, 
Z Xllt mci|bated in 96-well round-bottom plates with spleen cells in a ratio of 100:1 effector 
r D»SelCe !!•■ An. aîquot 01 supernatant was removed from each well and the counts per minute 
Sir 0f radl0act|Vity was determined with a Packard scintillation analyzer. The % chromium 
release was expressed as: 

Experimental CPM - Background CPM 
Maximum CPM - Background CPM 

anHkmIvi!üí!m de!®rmin®d by incubating a sample of target cells in RPMI-1640 medium 
and maximum CPM was obtained by incubating target cells in saponin. 

Asstay; Samples to be assayed for IFN were placed in 0.1 ml volume on an 18-24 hr 
monolayer of L cells in 96 well microplates and allowed to incubate for 24 hr at 37°C After 

TqSfcTTin/6"8 Were TJ™0 ^ 0-1 ml 0,a1°3 CCID50/0.1 ml of vesicular stomatitis virus 
(V5V) strain Indiana was added to each and incubated for 6 days at 37°C. Viral CPE was read 

m/vT/nT/f r a1te,r 1his incubation. The IFN titer was expressed as units/0.1 ml based on the 
maximum dilution of serum sample that inhibited VSV CPE by 50% or greater No attemot was 

assaved $£ 0r* 80 we must presume a" ^ Presen, in the samples 
?MEM with^o/pRQ • «t/ M uy^fre v'^controls’ which were cells exposed to test medium 
(MEM with 2 /o FBS, ,.18 /o NaHCOa and 50 pg gentamicin/ml) and then to VSV, and cell controls 
which were exposed to test medium only. 
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treat¿ iT^h H? 9 ?íL h?¡? 7 VÍ®0*!? S C' W,th 0ur standard concentration of PTV and 
ni’ríl'o ÍLiíl2 0ríe cní?r«5 <lays be3inn,n0 4 hr post-virus inoculation. Four dosage 

rnntrni0 A\/L<;niWJ»re h®®0' 6’25°: 3,125: anä 1,563 u^s/mou'-.e. As a known positive 
crXiaAVA?*1 a*a .dosa9® of75 mg/kg/day was tested in parallel using *he same treatment 
fnaaihli ? S!ïï1dfrd ®xpand®d parameter anti-PTV experiment was run, but in addition 5 mice 

kniflífiVm?nÏÜh^h®^ !?®?’ '?,ected and treated- uninfected (toxicity control) group were 
iimnwln anH Ihl e ^ ® ®r h® '"ï tr0a,ment- The sera and spleens from these animals were 
removed and the spleens suspended in RPMI-1640 medium, then disassociated by use of a 

ncubatTdThf fl^7orhMSple2!! 0611 pre[?arat'ons were pipett®d onto nylon wool columns and 
marihfm anHhi ? ^on-adherant cells were eluted from the column with warm RPMI-1640 
medium and further treated by hypotonic lysis to eliminate red blood cells. They were then 

theStwodtimesíndicated0dUCe IL’2 ^<0r NK CeH ,unction The serum was assayed for IFN titer at 

BMUltl and Dlacueeion 

. POf1'00 of this study is summarized in Table XIV-1. In the experiment rlL-2 was 

,h® P,TV in,eC,i0n 31 a" dcsa9® l®ve|s. as seen particularly by increased 
numbers of survivors. Liver scores were not reduced at the rlL-2 levels used—a similar 

h,S,a r^een inHthecprevious experiment. Liver virus titers were reduced particularly at the 

AvSni USed; Seriim virus waS not assayed since ,he serum was used for IFN testing 
rlL-l^nd AVS0lhe ^51 'V® aC,lvl,y expec,®d Th® toxicity controls all survived therapy with both 

inHi.î!LIFD ?°.Uld,bf de,ected from ,h® serum of uninfected, rlL-2-treated mice at the times 
nd.hf S ?® atKVe.y low tl,ers 01IFN were seen in ,h® infected, treated mice, but we attribute this 

to the induction by the virus, which we have previously seen at this time. 

Th® e,,0cts °f freatment on NK cell activity are summarized in Table X!V-2 Infection by PTV 
a5ain.r^®®da »Omficant depression in NK cell activity, seen at both assay times. At the 15 mm 

KScîTcoacSSKy 3 m?d®S, increase 01NK cel1 activi,y was s®60 in the mice receiving the 
rtn«flno?iwo?cS®Thby 2 h« pos!',r®a,ment. this increase was ore pronounced, and seen at all 
fhe Snïïd arehc<?n,used- however, by an apparent erratic NK cell activity seen in 

Í: d ™ceuwh,ch wer® run in parallel. We have concern that this repeated rlL-2 H r 'Wlth asfay affer,h® termination of the fifth treatment, may have caused a hyporeactive 

arrínn* f«e.hnTa ' ^ ^ 'FN induclion and NK c®11 activation. Such a hyporeactive^ate may 
account for the lower than normal NK cell activation in the uninfected animals. 

animals ®Xperiment is planned t0 d®termin®,he rlL'2 effects after a single treatment in uninfected 

was preparedn0Cyte IL 2 produc,ion was stil1 in Process of determination at the time this report 

Conclusion« 

of Adam®s PTV-infected mice with 12,500 and lower units of AVS5079 

Í h3 «m®2?íí In‘2) resul,ed in siflni,icant disease inhibition. Treatment was i.p qd 
? 4 h ,?fter PTV ,noculatlon; assays for IFN production in the mice and tor NK cell 

SoacúH mÍ?.®I.a e.r t®rmina,l0n of the final treatment, showed no IFN produced, and an 
.aH ,Vï,?n m m,ec,ed mice but 3 decreased NK cell activation in uninfected 

treated mice. The latter data suggest a possible hyporeactive state induced in the animal 
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Tai!î Xly’5*.„ Etf*ct of Human IL-2 (AVS5079) on Splanocvte 
Natural Killar Call Activity In PTV-Infactad and Unlnfactad C57BL/6 Mica 

Treatment 

Hu IL-2 

5% Dextrose 
in water 

Dosage 
(units/mousfil 

12,500 

6,250 

3,125 

1,563 

Mean Natural Killer Cell Activity i% Cr Relean 
15 min Post- 2hrPost- 

-Treatment3_ _Treatment_ 
ETV-in,ected Uninfected PTV-infected unintented 

62.1 

05.9 

56.1 

52.1 

62.5 

77.7 

41.8 

41.8 

£5.8 

63.0 

57.6 

75.0 

76.9 

69.1 

69.1 

57.7 

0 60.0 55.2 
Normals — 79 3 _ 

aSpleens i.aken from animals killed at the times indicated after the final treatment. 
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^^• EFFECT OF SINGLE I.P. TREATMENT WITH AVS5079 ON intpoppd^mj 
INDUCTION AND NATURAL KILLER CELL ACTimY IN MTBlTI MICE 

introduction 

Previous|y 'W™ that -nultiple i.p. treatments with AVS5079 (human 
reccmtiinant IL-2) was sigmticantly eftective in preventing PTV-induced imections m mice In 
Ln<îonnfî.refV'0US w® .sh.owed ,hat the material stimulated the production of murine IL-2 by 
£ ty eSda?FV^ NK Ce" ,aC,ivi,y in ,he mice A,,er ,he last treatment had been administered, IFN production was also sought but not found. We were concerned that the 

somewhat low NK cel. activity and lack of IFN response may have been a œsiï o! a 

QMPflACDOtr]SIV8r eSSHbK the host due t0 ,he ^ttiP1® treatments received We have 
^nÄ ïeaS S'Udy ^ ,neasure<l ,he NK ce" ac,ivi|V an¡¡ IFN response aller a 

Materials and Methods 

Fadiit^irvMftMhic c^ih^°Th (hu™"'"■•S) was provided by Biological Research Faculty and 
Facility, Inc. for this study. The material was used in 5% dextrose in water for injection. 

Animals: Three week old C57BU6 mice (Simonsen) as described previously we-e used 

in a Har!UralKllle! ?e// Assay: sPleen cells were assayed for their abili y to lyse VAC-1 tumor c>3lk 

TsheS'^lÄofire,e.fe alSaKy (5)- VAC cells were 'abeleij with'sodium chiomate s! 
to taraat cJii«! An inn,'n»nîwe rou[’d-bo,,om Pla,es wi‘h spleen cel's in a ratio of 100:1 effector 
rPMi a.q ° ,superna,ant was rem°ved from each well and the counts per minute 

release waTexpressed as;5 de,ermmed wi,h a Packard scintl,la,ion analV^r The % chromium 

Experimental CPM - Background CPM 
Maximum CPM - Background CPM 

anrim^mimroki'38 de¡®rmin®d bV incubating a sample of target cells in hPMI-1640 medium 
and maximum CPM was obtained by incubating target cells in saponin. 

mnnn/IlwJSnMy'nf.?mploSc,0 assayed ,or IFN were P|aced in 0.1 ml volume on an 18-24 hr 
monolayer of L cells in 96 well microplates and allowed to incubate for 24 hr at 37 C After 

lwCQ\Aai?v ,h.e pells were drained and 0-1 ml of a 103 CCID50/0.1 ml of vesicular stomatitis virus 
(VSV) strain ndiana was added to each and incubated for 6 days at 37°C Viral CPE was read 
microscopically after this incubation. The IFN titer was expressed as unîs/0 ml based on me 

madeto^eoarate ^ inhibi,ed VSV CPE by 50% or 9reater No attempi ^ 
assavèd Snk ¡i ha Ph °r Y' S° We must presume 311 were Present in ‘he samples 
?MEM wiih2? FBS 0 COn,r°IS' WhiCh Were CeilS f xp0Sed ,0 ,est med,um ¡Ihth « 2 ' FBS'°-18 /o NaFtCOa and 50 pg gentamicm/ml) and then to VSV, and cell controls 
hrinn ,0 teSt medium on|y Serum from infected mice was treated with IN FICI to 
bring the pH to ~2 for an overnight period in order to inactivate any PTV present in the serum. 

12 SOn^/nTS’níírí?-' MÍC! ^ere ,rea,ed 'P- wi,h aVS5079 in doses of 1,562; 3,125; 6,250 
12,500, and 25,000 Cetus units/mouse. At 15 minutes, 2 hr and 24 hr post-treatment 5 mire 
Skankln.e pand 8erum assayed ,or IFN- At the 15 min and 2 hr times, their spleens were also 
taken, processed as descnbed in E, and assayed for NK cell activity. 
BftSUJtS and Dlacuaain^ 

Phis experiment is summarized in Table XV-i. All doses of AVS5079 stimulated KN cell 

anySeperiod0 y 35 ^ b°th 15 min and 2 hr post•trea,rT'en, No circulating IFN was seen at 

r>..r rLhe NK.cel1 ac,*vi,y seen alter this single injection of human IL-2 was greater than that seen in 

activPTwaUsS L?eSnfiHeXPíhimenLW,here 5 daily ,:ea,men,s were administered prior to NK cell activity was determined. These data suggest that a hyporesponsiveness indeed was seen 

Indicates to us'thUtTl i'?S h km la? 01 aelec,able se,un IFN after a single treatment 

wahres“« ÄÄiÄXanm ^,ha' 'he an,i'PTV Seen previousl> 
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gMClUllQM 

C57BL/69IrtcaPisK!Sih^H«8?07? (hU.mcn ,L'2) si9ni,icantly stimulated NK cell activity in 

o7?4 hr Zllmem ^ ^ 'FN ^ in ,heM ara™ls al ’ 5 

Literatura Citad 

1- ¡i®"!?'? St5mb;id3e and E J- Gardner. 1985. Deficient immune function of 

Pmmunol 60 525-53T°nUC ear Ce"S ,r°m PatientS With Gardner Syndrome Clin ExP 
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Tab,e XV;1, fWect of « Singlo i.p. Treatment with AVS5079 on Interferon 
Production and Natural Killer Cell Activity in C57BL/6 Mice. 

15 Min. Post-Treatmant 
Mean IFN Mean NK Dosage 

(units/mousel 

25,000 
12,500 
6,250 
3,125 
1,562 

_0__ 

aUnits/ml. 

b% Cr Release ± 2 SB. 

*P<0.05 **P<0.01, compared to untreated controls. 

litera 

<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 

Cell Activitvb 

25++±3 
23**±7 
18**±6 
19**±8 
17**±7 
15±3 

Post-Treatmftnt 24 Hr Post-T-eatmfint 
Mean IFN Mean NK Mean IFN 

lilai3 Cell Activitvb Titer 

<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
nd 

29**±3 
27**19 
25**±8 
23**±6 
21 **±6 

nd 

<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
nd 
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XVI' W CS7BÜ» Miel101' 0N INTERFeR0N AN0 INTERLEUKIN-2 INDUCTION 

Introduction 

ini^,ÜLha™„repor’ed,p,!'íouí'v ,h9 ellica^ 0' AVS1018 (phenyleneamine) on in vivo PTV 
Se ?merteLn 2 ,?L 51 n%?r,,?Me,?! USAMR"D <° also determine il lilis ma,erial would 
mauce interleuKin-2 (IL-2) production in the mouse. This report describes our experiment to 
determine this, as well as the potential for this compound to induce interferon (IFN) in mice 
Materials and Method» 

,t,,Ær^VSli18 ’,a! Provided h/ Biological Research Faculty and Facility for this 
study. Thematenalwasdissoi/edm stenle water and held at 4°C until used. 

ivM,eiîCenHFemale 3;we9k‘old C57BU6 mice were provided by Simonsen Laboratories. All were 
Loused under normal, previously defined, conditions. 

S,?mpl®s,t0 be assay®d ,or IFN were placed in 0.1 ml volume on an 18-24 hr 
onolayer of L cells in 96 well microplates and allowed to incubate for 24 hr at 37°C After 

V th.e5.ells were d[ained and 0-1 ml of a 103 CCID50/0.1 ml of vesicular stomatitis virus 
(VSV) strain ndiana was added to each and incubated fer 6 days at 370C Viral CPE was read 
microscopically after this incubation. The IFN titer was expressed as uniís/0 1 ml based onlhe 
maximum dilution of serum sample that inhibited VSV CPE by 50% or greater No anempt was 

assív£ SÄ«°m lN. h* S° ”9 p,e8ume 311 P“9"'t“ ÄS 
?MEM WIÍII2? FBS o at Ärn9,V^C0nl,0lS- which w9r9 c9lis exPosed 10 '«i (MtM with 2 /0 FBS, 0.18 /» NaHCOs and 50 ug gentamicin/ml) and then ip VSV, and cell controls 

bh^. meïr onLy. Serum ,rom in,ec,ed mice was treated with IN HCI to 
bring the pH to 2 for an overnight penod in order to inactivate any PTV present in the serum. 

.h0- M“™etIL'2 Production Assay: Spienic lymphocytes from infected animals were tested for 
abating them (2 x 106 cells) in 2 ml of RPMM640 medium 

ethanorTfter 48* hra»h^°Vine Se[Um’ 1% Phyh,ohemag9'utinin (PHA), and 2-mercaplo 
tn rS' « e,i48 hla 37 C’ he suPernatant was harvested, centrifuged at 500 x g for 5 minutes 
to r move cells, and assayed for IL-2. The IL-2 assay was done by adding 0.1 ml of serial 2-fold 
dations of the supernate to triplicate wells in 96-well flat-bottomed microplates, after which 4 x 

cell irne k S plnlnnLnM “l11 ,0 each wel1' The HT'2 «Hs, a murine Balb/c cloned 
h? « T’ !f i r3u^eL.nden 0r 18 9row,h' The cell-supernate mixture was incubated at 37' C for 20 
hr, pulsed with [3HJthym,dine, incubated 4 m- re hr, and the radiolabel uptake determined. 

„Mm Ex?eriTent Desi9n: AVS1018 in dosages of 1.56 3.13, 6.25, and 12.5 ma/ka was 
administered p.o. to mice. One and 4 hr later, 5 mice in each group were killed bled and the 
Sr,“60' F,ve T,™1’ un,reat®d mic® were similarly killed and processed at 1 hr only 
rtiMQtftSoH hS assayed4íor IFN and th® spleens suspended in RPMM640 medium then 
d sassociated by use of a tissue homogenizer. The spleen cell preparations were pipetted into 

with warm RPMMm?ubated 14 hr at 37°c- Non-adherent cells were eluted from the column 

then"»™ ed “ml 2 pÄi"on ^ bV hyP°,0miC ^81810 9limina,e r9d bl00cl c9lls- 
Results and Discussion 

The results of this study are summarized in Table XVM. No serum IFN was detected at either 

!te? mó" nnDaraMe|AhaSd1 thf !fn?? °r n°rmal m'Ce alth0U9h 3 S,andard IFN sample wi,h known 
oroduchonof m exPec!ed- AVS1018 appeared to markedly induce the 
samolinn oerinH*2IhiPn A 'S ,nductlon especially manifested at the 4 hr post-treatment 

w d' T5 L'2 inductl0n amounted to a 30% to 250% increase in titer This increase 
Sr,0 riÄ?L0n h08"9 01 AVS10,ÍI- since "--s production occu red"“ ! lowest and the highest drug concentrations used. 

Previ,0lis|y sh°wn that AVS1018, when administered p.o. on days +1 +5 and +9 
K Siren,e the dtath 0f PTV-inf®®t®d mice. Virus titers were reduced and sfgns of 

SpSc PTVin^brnnnnr^^o^r117^6?^60 'S aPParent ,hat ,hiS e,,iCaCy was ®i,her a r®9sult Of Pcki mhlblt °o or due to modulation of some host immune or other biological resoonse 
Since IFN was not induced in this study, wheteas IL-2 was produced in high Ser by ihe treated 
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mice, we presume the IL-2 may have had a significant influence on the infection It is notable thaï 

ÄStÄLTJ^150.ha? enec! on PTV ln,eai°™. "N" the ¡mmunoiogicaUesponses 
f56!?0 L'2 and natural k,ller cell activity (see 1989 Annual Report, section XXVI) As 

described in the previous section of this report, that human IL-2 did not induce detectable 

infections° SdrUm IFN' ThUS IL 2 induction may 06 an imP°rtant means of defjnse against PTV 

Summary 

mice i63190 with AVS1018 produced significant quantities of IL-2 when 
assayed 1 and 4 hrs after p.o. treatment. Mo serum IFN was detected in these animals. 
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Table XVI-1. Effect of a Single Oral Treatment with AVS1018 on Interferon and 
lnterleukln-2 Induction in C57BL/6 Mice. 

Dosage 
(mo/kQ/davl 

12.50 
6.25 
3.13 
1.56 

0 

-LHour After Treatmant 
Mean IFN Mean IL-2 

liier (units/ml) Production (CPM\ 

<1.0 17,768** 
<1.0 16,041** 
<1.0 16,702** 
<1.0 26,049** 
<1.0_12,747 

-4 Hour After Treatment 
Mean IFN Mean IL-2 

Titer (units/mh 

<1.0 
<1.0 
<1.0 
<1.0 

Production (CPMt 

43,924** 
16,019* 
20,779** 
21,258** 

*P<0.05 **P<0.01, compared to untreated controls. 



AVS1761, 1968, 2933, AND 4726 ON INTERFERON AND 
INTERLEUKIN-2 INDUCTION IN C57BL/6 MICE 

Introduction 

Wo have reported previously (Section XVI) the efficacy of AVS1018 to induce interleukin-2 

¡El nTJI? T® aS?Kd by Dr- Kei’de of USAMRIID t0 a,so determine if other materials would 
ItírSSntíi1?0 »h he mouse- ^hls reP°d describes our experiment to determine this, as 

well as the potential for these compounds to induce interferon (IFN) in mice. 

Matflala and Methods 

,4 ^ CoJPP°un^.^ compounds was provided by Biological Research Faculty and Facility for this 
study. The matenals were dissolved in sprite water and held at 4°C until used. 

h„„c^Iema,e 3;week'.old ?57BL/6 mice were provided by Simonsen Laboratories. All were 
housed under normal, previously defined, conditions. 

IFN Assay. Samples to be assayed for IFN were placed in 0.1 ml volume on an 18-24 hr 
monolayer of L cells in 96 well microplates and allowed to incubate for 24 hr at 37°C After 

c.ells were drained and 0.1 ml of a 103 CCID50/0.1 ml of vesicular stomatitis virus 
(VbV) strain Indiana was added to each and incubated for 6 days at 37°C. Viral CPE was read 
microscopically after this incubation. The IFN titer was expressed as units/0.1 ml based on the 
maximum dilution of serum sample that inhibited VSV CPE by 50% or greater. No attempt was 

soparate out IFN a, ß. ory. so we must presume all types were present in the samples 

?mfm v«¡'th ?o/nprSc 'S ÍÍSMdu^ere con,rolS' which were cells exposed to test medium 
(MEM with 2 /o FBS, 0.18 /o NaHCOa and 50 ug gentamicin/ml) and then to VSV, and cell controls 
which were exposed to test medium only. Serum from infected mice was treated with 1N HCl to 
bring the pH to ~2 for an overnight period in order to inactivate any PI v present in the serum. 

., . M^!ne IL'2 Production Assay: Splenic lymphocytes from infected animals were tested for 
their ability to produce IL-2 by incubating them (2 x 106 cells) in 2 ml of RPMI-1640 medium 

1?0o0,!®,al bc"vine serum* 1% Phyhtohemagglutinin (PHA), and 2-mercapto 
Shrlm« aAfte.i48 hLa 37 Clatahe í'uPematanl was harvested, centrifuged at 500 x g for 5 minutes 
to remove cells, and assayed for IL-2. The IL-2 assay was done by adding 0.1 ml of serial 2-fold 
driutions of the supernate to triplicate wells in 96-well flat-bottomed microplates, after which 4 x 

Jirv®"® 0-1 "J m®dium were added ‘0 each well. The HT-2 cells, a murine Balb/c cloned 
ceil line, is IL-2 dependent for its growth. The cell-supernate mixture was incubated at 37°C for 20 
hr, pulsed with [JH)thymidine, incubated 4 more hr, and the radiolabel uptake determined. 

k Experiment Design: Compounds at various dcses were administered i.p. to mice. One and 

1 o>i hfr’c5 m ^ach 9roup wer® killed’ bled and the sPleens removed. Other mice were bled 
uLcole,FlV,f ’ unJreated mice were similarly killed and processed at 1 hr only. The serum 

a®sayed ,0' IFN and the spleens suspended in RPMI-1640 medium, then disassociated by 
ünH í®m0?eon'f®r- P® spl®en ceN PreParations were pipetted into nylon wool columns 

ed 1 aiu37 C- Non*adherent cells were eluted from the column with warm RPMI- 
IL-2 productton^,urther,reaîed by hVPOtomic lysis to eliminate red blood cells, thon assayed for 

Results and Discussion 

The results of these studies are summarized in Table XVII-1-4. AVS1968 (Lederle IFN- 
'n0df^®r)."]du.c®d V,-2 by 1 hr atteri.p. treatment (50 and 100 mg/kg) but no significant levels were 

mn/kn dAv/Q4i7ßi ' N, W.ÍS.'S!®01®0 3t 24 hf ,n sera of mice receiving AVS1968 at 50 and 100 
mg/kg. AVS1761 (poly IC-LC) induced significant levels of ¡L-2 only at 2.5 mg/kg. IFN was not 

!Tr«^re0inAwo^«?.ay sinc® has be®n determined in detail previously. AVS2933 (CGP 19835 

Î5|dbe of int^«»2to 5aSe^f0r PG^,;9?35 A lipid) induced no !L-2 or IFN at the doses tested. 
.wkUíy u® ro ® of IL'2.m P^’ection against PTV infection. Since AVS1968 

.•uced IFN, it should be further evaluated in vive in the PTV disease model. Previous anti-PTV 
experiments revealed this material to have significant activity against the hepatotropic PTV 
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Summary 

Splenccyies from mice treated with AVS1968 reduced significant quantities of IL-2 when 
assayed 1 hr after i.p. treatment. IFN was detected in serum at 24 hr AVS1761 induced 
significant quantities of IL-2 at 1 and 4 hr. AVS2933 and AVS4726 were inactive. 
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Table XVIM. Effect of a Single i.p. Treatment with AVS1761 on Interleukin- 
2 Induction in C57BL/6 Mice. 

1 Hour After Traatmant 
Dosage Mean iL-2 

ímq/Kq/day) Production (CPMï 

2.5 
1.25 

0.625 
0.31 

0 

884* 
709 
620 
583 
515 

4 Hour After Treatment 
Mean IL-2 

Production (CPMl 

992* 
754 
758 
673 

*P<0.05, compared to untreated controls. 

200 



Tibi» XVII-2. EMict ol • Slngli l.p. Treatment with AV3l9e8 
lntirliukln-2 Induction ln CS7BL/6 Mie». 

on Interferon and 

1 Hour Atter Treatment 
Dosage Mean IFN Mean IL-2 

ürg/Kg/day,) Titer tunits/ml^ Prc l iCPMl 

100 <1.0 1,174** 
50 <1.0 1.064** 
25 <1.0 679 

12.5 <1.0 732 

0_<1.0_671 

_4 Hour After Treatment 

Mean IFN Mean IL-2 
Hier (units/ml) Prod, icpm) 

<1.0 779 
<1 0 577 
<10 316 
<1.0 302 

24 Hour After Trealmpnt 

Mean IFN 
Titer funits/mh 

2.1** 

15 
<10 
<10 

P<0 05 **P<0.01, compared to untreated controls. 
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Tabl« XVII-3. Effect of a Single l.p. Treatment with AVS2933 on 
lnterleukln-2 Induction In C57BL/6 Mice. 

LHour After 1 reatment 4 Hour After Tmatmant 
Dosage 

tmq/ha'day) 
10 
5 

2.5 
1.25 

0.625 

Mean IFN 
Titer (units/mh 

<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1 0 

Mean IL-2 
prod, mp 

938 
939 
794 
921 
866 
876 

Mean IFN 
Titer (units/mh 

<1.0 
<1.0 
<1.0 
<1.0 
<1.0 

Mean IL-2 
ElOd. (CPM) 

684 
573 
640 
679 

0 313 <1.0 871 <10 
0 157 <1.0 764 <10 
0 078 <1.0 842 <1 ^ 

0_<1.0_739_— 

*P<0.05 **P<0.01. compared to untreated controls. 

793 
905 
791 

Interferon and 

24 Hour Atter Treatment 

Mean IFN 
Titer (units/mh 

<10 
<1.0 
<1 0 
<1 0 
<1.0 

<10 
<1.0 
<1.0 
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Tabl« xvii-4. EMact of a Singla l.p. Traatmant with AVS4726 
lntarlaukln-2 Induction ln C57BL/6 Mica. 

on Intarfaron and 

_ 1 Hour After Traatmant 
Dosage Mean IFN Mean IL-2 

tmo/hq/day) ruer (unit&/mn pmd fr.PM' 
Undilute <1.0 749 

0_<1_0_739 

4 Hour After Treatment 
Mean IFN Mean IL-2 

Hiflf (units/ml) Prod. <CPM) 
<1.0 862 

24 Hour Atter Treatment 
Mean IFN 

Titer (ur,its/mh 
<10 
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XVIII. A MEASUREMENT OF AVS01 TOXICITY USING PULSE OXIMETRY 
IntrocuctlAn 

We have recently found that arterial oxygen saturation (Sa02%), measured by pulsatile 
absorbance of light, can be readily determined in albino mice using a pulse oximeter (Figure XVlll 

(AVS01 ASy inlrTœ ,0 de?ermine if ,his Parameter could be used to measure ribavirin 

Material» and Methoda 

£AyS0: was supP|ied by Biolo9ical Research Faculty and Facility, Inc It was 
dissolved .n stenle saline for use in this sti dy. 7 

írtiirn^Tí.5' lT'Neek-°* !?male 9A'-B/C mice were obtai'f'd from Si monsen Laboratories 
ma ^/0,,0wm9 a 24.hr Puaran,'Pe ,he animals were used in this study They were 
maintained on Wayne mouse chow and iap water ad libitum. 1 y 

Tha nh,er0^0h1meda Biox 3740 Pufse oximeter (Ohmeda, Louisville, OH) was used 
The Ohmeda Finger Probe clip, which sends a light beam through the mouse, was used. 

hoik. E¿?íh™nt Dr?S!9n: Ten mice were ,rea,ed ' P witr' 800 or 1200 mg/kg/day of ribavirin twice 
daily for 5 days. Pulse oximeter readings were taken each morning on days 1 through 4 of the 
expenment, and the a»" mal.* were observed daily for occurrence of death. Pulse oximeter 
readings were expressed as Sa02%, read directly from the instrument approximately 10 seconds 

i>!1fIrh«mm0UJS|?. üías P!?Sed in.,he ,inger probe cliP Hei713tocrit readings were taken from 5 mice in each groi j killed each day of the experiment. 

Raaulta and Diacu««inn 

This study is summarized in Figure XVIII-2. Sa02% began to decline by day 3 of treaiment. 

finnmSrS y.4 By ^ t aH ,h® mice had died Hematocrit readings (not shown in the 
kSÏ? eC .! app,rec,ably durin9 *his early phase of treatment In our experience, anemia 
begins to appear with prolonged therapy. 

m, BydayS 3 and f ’ ®xcessive hemorrhaging in the intestinal area was observed in sacrificed 
^í1000' wh!ch wj?ul° reduca the amount available for oxygen transport, would 

cause a significant lowenng of the Sa02%, which was observed in this study. 

Pulse ox|me,er tfansmits light through the combination of blood and non-blood 

¿Tr'„lnd| in ourcase',he en,ire 7710080 The "ght transmitted through this 
Pu'sa ,n9 vascu.ar bfd Wl11 be attenuated by the blood and non-blood components, but because 
L JI 18 ^1831116.and assumed ‘o result solely from the arterial component, the oximeter 
meflcSíl ?anPoTa«?' ;,erally by 8ubtraction, the effects of the two component and can thus 
measure the SaOa/o of artenal blood in the mass. In the oximeter, two light-emitting diodes (660 

üüSií0 TLare ^0711.60 071 ona sid® of the vascular bed (in our case, the mouse), and a 
Thî whiICh c?nve7l,s ll0ht in,ens,ty into electrical current, is mounted on the opposite side 

r®9u,a17m1,ervals and ‘he photodiode measures the varying light intensities! 
which are changed to digaal information processed by the algorithm in the oximeter. The Ohmeda 

X?240pUlSe oximet?r (Ohmeda, Louisville, OH) used by us calculates Sa02% as Ki(V)2 + 
nw cf'^ ,he cflan0«in ,tle vol,afle in r«l channel divided by the change In 

‘îi""®1- K!’ K2' and K3 a,e constanis that are tunctrons ot the optical 
charactenstics of hemoglobin as well as other variables. 

These data indicate the pulse oximeter measurement of Sa02% is an efficient means of 
measunng certain forms of toxicity in mice. 

Conclualona 

i0thaiïïfvtri?«aàJmini?ei!dDiA? JWiCe 3 day ,or 5 days in doses 01 800 and 1200 mg/kg/day was 
attrihtLnt« i irekfld BAkB/c 771,06 As ,he anima|s approached the time of death, which was 
attributed to excessive hemorrhaging in the gut, their arterial oxygen saturation (Sa02%) declined 
appreciably. 
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Figure XVIIM. Use of the Ohmeda Biox 3740 Pulse Oximeter with 
Finger Probe for Monitoring Sa02% in Mice.

Ohmetia Bkn 3740 Pulse Oximeter

ID

%

Mi

sm
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Figure XVIII-2. Effect of Intraperitoneal AVSOi8 Treatment on 
Sa02% in Uninfected Balb/c Mice. 

1200 mg/kg/da¡ 

800 mg/kg/day 

abid X 5. 

‘All animals died after these times. 

inclusions: High-dose AVS01 (ribavirin) treatment resulted in significant 
declines in Sa02% prior to death of the animal. This decline correlated with 
the appearance of severe hemorrhaging in the intestinal tract of the 
animals. 
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X,X rFFECCETLSLS0F PUNTA T0R0 V,RUS ON MACROMOLECULAR SYNTHESIS 

Introduction 

,. r„.Li,tie has been published about the effects of Punta Toro virus (PTV) on the macromolecular 
synthesis in cells infected by the virus and its relationship to virus infection Smith and °ifat (1) 

!h.? !>2 1h0urs. a,ter in,ection assembly of PTV virions can be seen occurring in 
membranes of the Golgi cisternae. At 24 hours post-infection distinct cytopathic effects were also 
observed in culture, and cell lysis did not occur until 36 hours after infection. In La Crosse virus 
Mfections, the major nucleocapsed protein is first detected at 1-2 hr after infection and remains 
detectable at 12-15 hr after infection (2). In contrast, the Gi large glycoprotein was not detected 
until 4 hr after infection and the G2 glycoprotein is not detectable until 6 hr after infection. The 
kinetics is also similar for Rift Valley Fever virus (3). In addition, the members of the Phlebovirus 
group are all thought to inhibit cellular RNA and protein synthesis (4). 

The object of this study was to examine the effects of Punta Toro virus on macromolecular 
synthesis of infected host cells. 

Materials and Methods 

. c The Adames strain of Punta Toro virus (PTV) was propagated as previously described 
by bidwell et al. (5). 

Cells: A derivative strain of continuously passaged monkey kidney cells (LLC-MK?) 
maintained in minimum essential medium (MEM, Grand Island Biological, Grand Island N Y.) 
containing 5% fetal bovine serum (FBS, HyClone Labs, Logan UT) and 0.1% NaHCOa without 
antibiotics was used. The cells were determined to be free of mycoplasma. 

Effect of PTV infection on log phase and stationary phase LLC-MK2 cells: LLC-MK2 cells 

were seeded in 12 well plates at 1 x 105 cells well and allowed to reach confluence by incubation 
at 37 c for two days. In another set of experiments cells were seeded at 5 x 104 cells and 
incubated overnight at 37°C, to obtain log phase cells. Cells were then washed with MEM without 

Se.KUMCa»d ?IV virus s,ock absorbed ,or 1 hr in each well. Mock infected wells were incubated 
with MEM without serum. Virus or medium was removed and MEM + 2% serum was added to each 
wen. At various times after virus exposure or mock infection (1, 2, 4, 8, 16, 24, 48 hours for log 
phase cells and 8, 12, 16, 20 hours for stationary phase cells) media was aspirated and 
appropriete isotope, diluted in MEM without serum was added to each well [3H]Lei cine was 
diluted in leucine-deficient MEM. An equal volume of MEM with serum was added fc' a final 
concentration oí 2% serum. To wells with [3H]leucine, MEM leucine deheient medium + 4% letal 
bovine serum was added. Medium was also removed at time 0 from log phase cells, directly afL-r 
application of virus and cells treated as above. Isotope was incubated for 1 hour at 37°C, 
removed, and cells fixed with 10% TCA and harvested as previously described by Sidwell et al 
(5). Acid-insoluble CPM were determined in a Packaro Scintillation Counter. 

Test Statistics: Analysis of variance was used to determine significant differences between 
log phase and stationary cell experiments. To determine significant differences between time 
penods for each type of cell, Fisher's LSD test was employed. 

Results and Dlacuaaion 

PTV infection significantly (P<0.01) stimulates macromolecular synthesis in log phase cells at 
1 nr post-exposure. This time period was not assayed in stationary cells. In contrast virus 
infection reduced the uptake of (3Hjdeoxyadenosine into the acid insoluble portions of both 

Pbase and log phase cells (Figures XIX-1, 2) at 8-24 hours, although more drastically in 
stationary phase cells^ The effects on protein and RNA synthesis appeared to be similar for both 
PTV infected log- and stationary-phase cells. However, the decrease in uptake of label was 
significantly more dramatic from 8-24 hours (P<0.01) in PTV-infected stationary phase cells. 

Interestingly, the inhibition effects of PTV infection on RNA and protein synthesis in LLC- 
MK2 cells seemed to be abrogated by 48 hours, although DNA synthesis was still significantly 
inNbrted (p<0.01). The depression of macromolecular synthesis at the 16-hour time period in 
the log phase cell expenment probably represents an abeyant set of wells in which the cells were 
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fn%0ÄVeiy r.®1!' Since "Ie uptake of a nucleoside of precursors into control cells was 2-5 
,hat in|° control cells iron other time periods (the level of uptake in control cells 

remained rather constant for all other time periods, data not shown). 

If PTV infection resembles other bunyavirus infections, then from 1-6 hours oost-virus 
exposure, viral proteins and transcripts are being made at optimal amounts (4) The data of thk 
study show that during this time period, the cillular macromo^cuTar process werTini ial 
enhanced and then went back down to normal levels in log phase cells At 12-^4 hours oost-virus 
ensure, other studies have show, that PTV »hon assembly begins and crt 'suhâce e^èsstón 
of PTV antigens can be detected during this time period (1). The data presented here suaaest 

lÎnramnSdïÂtho!ife,IUlar macromolecular sy^esis decreased to levels below normal 
nrn, f d,! p cel'Sl 10 a9rpement with other studies which show that the Phlebovirus 
~,b,,S and pro,ein syn,hesis- Pifat et al. (1) have also shown that cytopathic 
effects occur at 36-48 hours post infection in PTV-infected cells. In our study cellular DNA 

nearhnolmafS! 'nfl'míríl Wíile RNA and pr0,ein syn,hesis leve|s were returned to near normal levels, perhaps reflecting the beginning of cellular death due to viral infection. 

pr«u¿rs hSCn 2Sned0r permeabilil''10 ,he ^labeled nucleoiide 

,nnJ°^e:nUHnÍerS,and the<seda,a' ,hey should be correlated with time course studies on the 
K^eandabundanr® 01 v,ral ,ranscriPts and viral proteins within infected cells It would br 

dafá y,,eidS ,r0m ea,Ch tim® Per,0d in l09 phase and senary cells See ,he 
ínHnri nn du? Kh V? IV® ,naCromolecular synthesis the cell may not be necessary for virus 
Snlnr h n ,0oULd m°nit01 the e,,ec,s of PTV in,ec,ion on macromolecular synthesis in 
PTV KtínSei2lHH ?UrS 10 d®termine if ,hese ‘yPes of cells are also stimulated during early 
inferto^rine' 0 addltl0n;. stud|es need to be done to determine the permeability of PJ'l 
infected cells at var.ous times post exposure, to see if the apparent effects on cellula,- 
•nacromolecular synthesis are due to perturbation of those processes or if the uptake is merely a 
reflection of permeability changes of the cell membrane. P y 

Summary 

fmm I™ virustiníection appeared to significantly inhibit DNA, RNA and protein synthesis 
from 16-24 hours post-virus exposure. DNA synthesis, as reflected by deoxyadenosine uotake 

PTTsneSem?tor^nhinr0U9h0Ut PTY Ínf?C,ion ,rom 8'48 hours Post virus exposure. In addition' 
cells SWhether »he« f« macromolecu,ar synthesis 1 hour post exposure to virus in log phase 

Whe.th®[theae ejects are an actual stimulation or depression of macromolecular synthesis 

anîncreasfl nrïfrrïlimu atl5n °r inhibi,ion o1 cellular enzymes, to viral-induced enzymes, or to 
an increase or decreac .¡t cell permeability is still to be determined. 
1 ’lerature cited 

1' family) J VimíogyD12l 1"2 Morph°9enesis of Sand,|y,ever v'mses (Bunyaviridae 

2 ?GenkÍWor371-^4 -MUrPhy' 1977' Bunyaviridae: Recent biochemical developments. 

3. Struthers, J K R. Swanepoel, and S.P. Shepard. 1984. Protein synthesis in Rift Valley 
Fevervirus-mfected cells. Vi-ology 134:118-124. d ey 

4. Bishop, D.H.L, et al. 1980. Bunyaviridae. Intervirol. 14:125-143. 

5' ¿H- Hfu,,man- .P L. Barnard, D.Y. Pifat. 1988. Effects of ribamidine, a 3- 

AnS Rer iOd193 208 ° r,baVinn’ °n experimental|y induced Phlebovirus infections. 
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XX. REDUCTION OF AVS01 TOXICITY BY TREATMENT WITH AVS5587 IN MICE 
Introduction 

íribaJriniS/nHeAvSQ?47eí!S.h®fl|ÍnSt PTV in,ec,ions of ,he combination treatment ci AVS01 
nonnrtnnnfndHAVf55-87 (7',h,a'8'oxo9uanosine. TOGuo) were described in our last Quarterly 
nr Hh?' ■n°n.pa^l'uU 5r ,nter®st mJhat combination chemotherapy study was the apparent reversal 
of nbavinn s j(igh dose-induced toxicity by treatment with TOGuo This report describes an 
additional s* .dy to confirm this toxicity reversal. P aescriDes an 

Materials and Method» 

FariiitÍTr Un?wçnAVS01 ^ ^5587 were supplied by Biological Research Faculty and 

biÂtó soSatpHVeS ed S,e"'e Wa,er and AVS5587 WaS d!SSOl''etl in a 2% 

Used“4Mua,an?nerBeek-0ld 0578176 mi“ ,Sim°nSen) aS descrit>ecl previouslr ™ 

Experiment Design: Groups of 10 mice (5 females, 5 males) each were treated as follows: 

1 : AVS01 at dosages oi 1250, 1500, and 1750 mg/kg/day, p.o. twice daily for 5 days. 

2. AVS5587 at a dosage of 25 mg/kg/day, i.p. in a single injection. 

AVS01 treatment5 deSCribed in #1> wi,h AVS5587 descrit>ed m #2 given 3 days after initial 

AVS01 tfeafmenf deSCribed in #1’ wi,h AVS5587 as described in #2 given 4 days after initial 

AVS01 tmafmenf deSCribed in #1’ with AVS5587 as described in #2 given 5 days after initial 

-ftmrIt0ntliCTh^ere wei9jed P"^10 initial treatment and again 18 hr after final treatment with each 
compound. They were observed daily for death for 21 days. 

Results and Discussion 

rtncall1!8 SÍU2y ,S in Tables XX‘1 and 2- ln ,he male mice (Table xx-1). ribavirin at all 3 
tn in9?HoS d tkS e ha ,y ,0XIC t0 ,he mai°ritV of the mice’,he mean day to death varying from 7 3 
rtncic5.adn^n thTh? miC.e 0St °^r l 5 9 over ,he dura,ion 01 the treatment. The results were not 
thp<S üi he e^a 6 m,ce <Table xx‘2)- which we usually do not use in toxicity studies In 
Ho«« latS ;inhCh erra ii:lSm °ccurred in the mice receiving AVS01 only, with only the middle 

varied from 68 toh10,7ldaysMa,Or h°5t We'9ht '°SS *** ***" 3t a"dosa9es’ and mean daV,0 death 

AVS5567 was reasonably well-tolerated with all male mice treated only with this comoound 

rnirft ai^ aii°cU rh 21r,d.ayS; but a miid 2 $ host weight loss was seen (Table XX-i ). The female 
mice also all survived treatment, and gained weight during therapy (Table XX-2). 

The male mice treated with ribavirin and then with AVS5587 on day 3 did not die as readiiv 

(Tat^fxxT ° A^Ü^Tnrly 2thmiCe dyin9 dur1n9 ,he exPeriment and less weight loss occurring 
treatments"lhi< nrníopiiuP^y0* herapyiiWl8 delayed to 4 or 5 daVs af'er initiation of ribavirin treatments, this piotect-ve effect generally decreased. 

frnmÄai' erraticism was seen in the female mice (Table XX-2), with little protection 

sjinÄTÄsr00“0-considera^iess wei9hi ioss was—th* 

.rHinïS Cann0t 0,!er an exPlana,ion for the erraticism seen with the female mice in this study We 
ordinanly use male mice for toxicity controls in our PTV chemotherapy experiments and the 

Tnrîfn^fmïl6 Wl,h the male mi,ce appear t0 con,irm our earlier observation that treatment with 
oceuriinn 71?hal!eceivl^9 a usifal|y iethally toxic dose of ribavirin will prevent the deaths from 

unfform ?esurtsh ’ preV'0US S Udies usin9 i p' ribavirin treatment of female mice yielded more 
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Concluilon« 

_ w'th AVS5587 of male C57BL/6 mice receiving lethal toxic doses of AVS01 
«♦fi!?S/chn,U.SKUa deatí>S P*the T¡CP’ Particularly if the AVS5587 therapy was given 3 days after 
« «¿ti Ar!°1 heraPy' ,Deay'n9 AVS5587 theraPy to 4 or 5 days reduced these toxicity reversal 
therapy Fema e miC^ ,reated m a simi'ar manner responded in an erratic fashion to AVS01 
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Table XX-1. Expt. Pt263-267. Effect of Treatment With 
AVS01 and AVS5587 on Death and Weight Loss In 

Uninfected Mice. 

Animals: 7.1-15.1 g (3-4 wk) 0576176 Treatment Schedule: 01: Twice daily x 5 

\/in e M Ma 6 Mlce‘ 5587: sing1©, days 3, 4, or 5 
Virus. None Treatment Route: p.o., i.p. 
Drug Diluent: Sterile H2O, 2% NaHCOa Experiment Duration: 21 days. 

Compound 

AVS01 

AVS5587C 

AVS01 + 
AVS5587C 

AVS01 + 
AVS5587d 

AVS01 + 
AVS5587® 

Normals 

Dosage 

ímq/Kq/çiay) 
1750 
1500 
1250 

25 

1750 + 25 
1500 + 25 
1250 + 25 

1750 + 25 
1500 + 25 
1250 + 25 

1750 + 25 
1500 + 25 
1250 + 25 

Surv/ 

Total 

2/5 
1/5 
1/5 

5/5 

4/5 
4/5* 
5/5** 

3/5 
3/5 
2/5 

1/5 
0/5 
4/5* 

5/5 

Host Wt. 

Change (ç)a 

-1.5 
-1.6 
■1.7 

-0.2 
-0.5 
-0.5 
-0.1 
-1.3 
-1.2 
-1.2 
-1.5 
-2.2 
-0.9 

2.3 

difference between initial weight at start of treatment and weightTs hr 
following last treatment. 

bMean survival time of mice dying on or before day 21. 

Administered on day 3. v 

Administered on day 4. 

Administered on day 5. 

MSTb 

(davs) 

8.7 
10.5 
7.3 

>21.0 
6.0 
7.0 

>21.0 
8.5 
6.5 
9.3 

7.0 
8.8 
6.0 

>21.0 
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Table XX*2. Expt. Pt263-267. Effect of Treatment With 
AVS91 and AVS5587 on Death and Weight Loss in 

Uninfected Mice. 
Animals: 7.5*12.2 g (3-4 wk) C57BL/6 

Female Mice. 
Virus: None 
Drug Diluent: Sterile h^O, 2% NaHCOa 

Treatment Schedule: 01: Twice daily x 5 
5587: single, days 3, 4, or 5 

Treatment Route: p.o., i.p. 
Experiment Duration: 21 days. 

Compound 

AVS01 

AVS5587C 

AVS01 + 
AVS5587C 

AVS01 + 
AVS5587d 

AVS01 + 
AVS5587® 

Normals 

Dosage 

(mo/ka/davl 

1750 
1500 
1250 

25 

1750 + 25 
1500 + 25 
1250 + 25 

1750 + 25 
1500 + 25 
1250 + 25 

1750 + 25 
1500 + 25 
1250 + 25 

Surv/ Host Wt. MSTb 

Iflial Change (g1a (davsl 

2/5 -2.3 10.7 
0/5 -3.3 6.8 
4/5 -1.7 8.0 

5/5 0.7 >21.0 

2/5 -1.0 8.0 
1/5 -0.5 7.3 
4/5 -0.4 8.0 

1/5 -2.3 6.P 
4/5** -0.3 8.0 
2/5 -1.6 8.0 

2/5 -1.8 8.3 
5/5** -0.2 >21.0 
4/5 -0.4 11.0 

5/5_T5 >21 0 

Difference between initial weight at start of treatment and weight 18 hr 
following last treatment. 

bMean survival time of mice dying on or before day 21. 

Administered on day 3. 

Administered on day 4. 

Administered on day 5. 

214 



XX,‘ Ï?J?ÏCTI0N 0F AVS01 TOX'C'TY BY TREATMENT WITH AVS2776 IN MICE 

Introduction 

pr0vious|y rePorted that the combination therapy of AVS01 (ribavirin) and 
AVS2776 (bropinmme) was synergistic against PTV infections in mice. An important second 
observation was that treatment with AVS2776 appeared to lessen the toxicity of nbavirin as seen 
by weight gam of mice treated with both drugs in contrast to loss of weight in the animals treated 
with nbavmn only. 

This latter observation was followed up in the present study, in which the relative toxicities 
were determined in mice treated with usually lethally toxic doses of ribavirin were also treated with 
bropmmme at various times relative to ribavirin's treatments. 

Material» and Method» 

Compounds: AVS01 and AVS2776 were provided by Biological Research Faculty and 
Facility, Inc. AVS01 was dissolved in sterile water and AVS2776 was suspended in 0 4% 
carboxymethylcellulose. 

Animals. Three to four week-old male C57BL/6 mice (Simonsen) were used after a 24 hr 
quarantine. 

Experiment Design: Groups of 10 mice each were treated as follows: 

1 : AVS01 at dosages of 800,1000, and 1200 mg/kg/day, p.o. twice dail; lor 5 days 

2: AVS2776 at dosages of 25 and 50 mg/kg/day, p.o. in a single treatment 

• ,3;.^S01 as described in #1 • with AVS2776 as described in #2, the latter given 3 days alter 
initial AVS01 treatment. y y 

• ,4' AVS01 as describ®d in #1. with AVS2776 as described in #2, the latter given 4 days alter 
initial AVS01 treatment. 

• as described in #1, with AVS2776 as described in #2, the latter given 5 days alter 
initial AVS01 treatment. y 

The mice were weighed prior to initial treatment ,,nd again 18 hr following final treatment with 
each compound. They were observed daily for 21 days for occurrence of death. 

Basulta and Dl»cu»»ion 

The results are summarized in Table XXI-1. All doses of AVS01 were lethally toxic to the 
mice, the animals dying 7-8 days after initiation of therapy. Map« host weight loss occurred prior to 
death in all AVS01-treated groups. 

AVS2776 was reasonably well tolerated at both dosages used, all mice surviving the duration 
of the study and no host weight loss seen. 

Treatment of AVS01-treated mice with the 50 mg/kg/day dose of AVS2776 given on day 3 
resulted in highly significant increases in survivors in the mice treated with the 1000 and 800 
mg/kg/day doses of AVS01. At these dosages, weight loss was also lessened when the mice 
were also treated with this dose of AVS2776. The 25 mg/kg/day dose of AVS2776 given at this 
same time period prevented AVS01 lethal toxicity at the 800 mg/kg/day dose of this latter 
compound. 

When the AVS2776 treatments were given later after initiation of ribavirin therapy the 
prevention o lethal toxicity was lessened but was still apparent, especially in mice receiving the 
lower dose of bropirimine and the lower dose of ribavirin 

.. mean survival times of the mice dying from AVS01 toxicity were usually increased 
throughout the study when AVS2776 was also administered. 

TT®®® dãta indicate that a single oral treatment with the immunomodulator bropirimine can 
indeed prevent the usually ribavirin-induced lethal toxicity, particularly if the immunomodulator 
treatment is given during the time of ribavirin therapy. 

215 



. . R'bavmn is known to be immunosuppressive when used at high dosage levels This has 
included suppression of the primary immune response in mice to sheep red blood cells (1) 

° serum antibodies to various virus challenges (2), moderate inhibition of cellular 
rtTrïrnrhiA!nEüSt (3)' reduced guinea pig contact hypersensitivity to 
dmitrochlorobenzene (3), and inhibition of adjuvant-induced arthiitis in r?.s (4) In contrast 
bropmmine has a broad spectrum of immune stimulatory effects, including macrophage activation 
inhanU9men.a '?n ° NK'cel1 cytotoxicity (7), interleukin-1 and interlejkin-2 stimulation (8) 
n^ifrratiTn?^0,.»anl,9.Hn‘media,ed ant,b0dy ,orma,ion (6). and stimulation of bone marrow 
proliferdtion (6). It would seem apparent that treatment with bropirimine would tend to reverse the 
adverse immunologies1 effects of the high dose of ribavirin. 

cuniha'iif^ Th'5 3 compe*i,ive inhibitor of IMP dehydrogenase (9) leading to inhibition of DNA 
Hoatî 2S.h Th pre.SumTaí y resutts in deve,°Pment of anemia (10) which may be the cause of 
mnronirJr««3™11!!? S 4^18 anemia is characterized by a decrease in hematocrit, hemoglobin 
SS ? 1 a?d®Ly,hr®Cyte (1°)- We have not yet determined the actual cause of the 
nbavinn-assodatetí death in the mice treated in our studies; this will be the subject of futu e 
investigations. The actual role of bropirimine in preventing the death is still to be elucidated 
Conclusions 

a s 01 Cu7BL? ^f®^ high dosages i800'1200 mg/kg/day) of AVS01 (ribavirin) for 
hroirim^ fS’/co^10 dH3 h ° ,he m,Ce',h® mean day ,0 dea,h beil19 less than 8 days. When 
rihST I16 IS adm,.nii,tered to these mice in a single cm treatment 3 days after start of 
iroa^mrn»recaimient^ .m!y Sl£"',ican,|y Prevent the usual ribavirin-associa*ed death If bropirimine 
treatment is delayed to 4 or 5 days, this reversal of toxicity was less pron junced. 
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Table XXI-1. Expt. Pt255-262. Effect of Treatment With 
AVS01 and AVS2776 on Death and Weight Loss in 

Uninfected Mice. 
Animals: 10 

Virus: None 
Drug Diluent 

Compound 

AVS01 

AVS2776C 

AVSC1 + 
AVS2776C 

4-12.0 g (3-4 wk) C57BU6 Treatment Schedule: 01 : Twice daily x 5 
Mlce- 2776: single, days 3, 4, or 5 

Treatment Route: p.o. 
: Sterile H2O, 0.4% CMC Experiment Duration: 21 days. 

AVS01 + 
AVS2776d 

AVS01 + 
AVS2776® 

Dosage 

(ma/ko/dayl 

1200 
1000 
800 

50 
25 

1200 + 50 
1000 + 50 
800 + 50 

1200 + 25 
1000 + 25 
800 + 25 

1200 + 50 
1000 + 50 
800 + 50 

1200 + 25 
1000 + 25 
800 + 25 

1200 + 50 
1000 + 50 
800 + 50 

1200 + 25 
1000 + 25 
800 + 25 

Normals 

Surv/ 

Total 

2/10 
0/10 
0/10 

10/10 
10/10 

2/10 
9/10** 
9/10** 

0/10 
0/10 
6/10** 

0/10 
2/11 
0/9 

0/10 
0/10 
6/10** 

1/10 
0/10 • 

0/10 
0/10 
6/10** 

0/10 
10/10 

Host Wt. 

Change (qia 

-1.4 
-1.7 
-1.3 

-1.9 
0.0 

-0.6 
-2.8 
-1.7 
-1.3 

-1.6 
r -1 

-1.7 

-2.0 
-1.8 
-1.2 
-2.1 
-1.6 
-2.6 
-2.0 
-1.0 
-1.6 
1.4 

MSTb 

(days) 
7.9 
7.2 
7.9 

>21.0 
>21.0 

8.5 
6.0 
9.0 
7.4 
8.7** 
8.5 
7.8 
7.6 
7.9 
8.6 
8.8** 

9.5* 

7.9 
9.4* 
7.0 

7.7 
8.5 
9.3* 

>21.0 

Difference between initial weight at start of treatment and weight 18 hr 
following final treatment of mice (day 6 of experiment). 

bMean survival time of mice dying on or before day 21. 

cAdministered on day 3. 

Administered on day 4. 

Administered on day 5. 
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XXn mTmICE 0F AVS2776 ,N THE REDUCTION of avsoi-inouceo toxicity 

Introduction 

7his ^pol describes a combination experiment run to determine if AVS2776 (bropinmme) 
can reverse the lethal toxicity of ribavirin in mice. Previously, we showed that AVS5587 (7-thia-8- 
oxoguanosme), a BRM similar in action to bropirimine, had this potential. 

Materials and Method« 

FariiiííTnT^v/Qn?01 andHAVS2776 Prided by Biological Research Faculty and 
!!?, ,^80 was dlsso|ved in saline and AVS2776 suspended in 0 4% 

carboxymethylcellulose for these studies. 

3 week old C57BU6 mice were obtained from Simonsen (Gilroy CA) for 
these studies and used after a 24 hr quarantine. 

. a fxf?ri™ent., D?si9n: Twenty mice per group were held for death through 21 days Other 
mS,o?n !ed S!mi ar.y w®reusacn,,CPd on days 1 3nd 3 after initiation of ribavirin treatment in order to 
n n ^ hema,oc,l,s R,bavirin was inoculated i.p by itself, bropirimine was given 
p.o. by itself, or the two were combined. Ribavirin treatments were twice daily for 5 days whereas 
bropinmme was given once shortly after the first dose of ribavirin was administered Normal 
(untreated) mice were run in parallel. 

Statistical Analysis: Increases in survivors were analyzed using chi-square analysis with 

IJ !, f0rreCt^inc/Ías®s m mean surviv31 times of mice that died on or before day 21 and 
SGPT and hema,ocrit were evaluated using Student's f test. Ranked sum 

analysis (Wilcoxon test) was used to compare inhibition of mean liver scores. 

Results and Dlacuaainn 

Tabl® iXI1.'1 s_hows ,he resul,s obtained for this combination study With reference to the 
<?aoÜo/nfifV,ri?Kby i,Self' ^0565 of 800 and 1200 m9/k9/day were lethal to mice On day 3 
Sa02 /. levels in these mice had declined to 76-77%. We had a lower than usual reading m the 

HorrTíLCh0,nn,.hIS’iort'ííeve!¿ WhiCh obscures *he significance of the above results Liver scores 
ere high in the 1200 mg/kg group, and SGOT/SGPT values were significantly elevated 

BKroRirim!Jn! by i,self did 001 al,er ,he Par3m6ters mear :red. The combination of bropirimine 
and "bav!"n d,d not Protect mice from death at 1200 mg/kg ribavirin, but may have had a slight 

£?.h800 m9/k9 ribavir,n group. SCOT and SGPT values were lower in the groups 
toxicity^ 00011000005 ^mP31-^ to those receiving ribavirin alone, suggesting a decrease in 

Conclusion» 

«no at 50 m?^9 had a weak eHect in reversing the toxicity of ribavirin (used at 
th» rviccihMif ° K0 ^06 S'oce only 000 dose of bropirimine was used, one cannot rule out 
h>S«S b ,y tha h,9h8r doses or mul,,Ple treatments may enhance the activity of bropirimine in 

this setting as was seen in Section XXI. 
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XXIII. 
AVS2776E On”TTOxfciTYCTS °F °RAL TREA™ENT WITH 

Three to four week-old C57BL/6 mice (Simonsen) were used after a 24 hr 

Introduction 

We have previously reported (Sections XXI, XXII) that oral treatment with the 

^2>,i!SrH0dl!La,0r «AV?2776 <br°Pirimine) significantly prevented the usual lethal toxicity 
associated with i p. treatment using high dosages of AVS01 ribavirin). This experiment was run to 
rrm„ ih0Sf earlier ,inciin9S, and to expand our evaluation parameters to examine the effects of 

íouÂnhí,0ann,:erta,n!e7 0n hepatiC iCteruS' SG0T' SGPT and hema,ocrit levels. The latter was 

pronfunc^anemS in ?!2emP0 ™ hi9h ^5396 01 rib3''i"n are kn0»n 10 

Material» and Method« 

FanilinfToun aWQO1VS01 ^ AyS2776 were provideu by Biological Research Faculty and 

cartioxy’methylceMinose WaS AVS2776 "as suspanaad m 0 4% 

Animals: 
quarantine. 

Experiment Design: Groups of 5 mice were treated as follows: 

1. AVS01 at dosages of 800 and 1200 mg/kg/day, p.o. twice daily for 5 days 

2. AVS2776 at a dosage of 50 mg/kg p.o. once only. 

initiattonÄnntCy“ ^ ^ ^2776 35 'n ,2 adminiS'ared 3 days a"ar 

,-n 9,?® 9r°uP of,10 in ®ach group were weighed prior to initial treatment and again 18 hr 
híunJ/í1«!’I.®3*01®0*- P®0a,hs were recorded daily. Five mice in each group were designated 

l°J?h «mîî f°n dar 2,ti' 6’ 8’ 10, 12, and 21 or un,il th® animals died from apparent toxicity At 
each time of sacnfice, the animals were bled and liver discoloration scored. The livers and spleens 

h !Srm?lin ,0r P055'01® la,er evaluation Th® heparinized blood was tested 

prevklusl^described00 6 P aSma Separa,ed and assayed ,or SG0T and SGPT levels as we have 

Results and Dlacusalon 

dvinn^lTlc'L8?0 Td1200 01AVS01 was le,ha,ly ,oxic 10 mic®. with all animals 
mn/i?n h dSS. ? byLday 6l 24 hr a,,er ‘ermination of treatment. AVS2776, used at 50 
Äi aÍIiÍI h !?wby h® miC® ln this s,udy-,h® avS2776 treatment, given 3 days after 
otart of AVS01 therapy, did not prevent the toxicity-associated deaths (Table XXIII-i). 

considerflVr¡nnrlSncreSí!!ed 3 ï®1'"® hema,ocrit (Figur® XXm-1). but this decline was not 
wh^hdnr«„m!hP ,KTh miC® 0,t®n disPlay®d a hemorrhaging in the intestinal area 

ÄserÄinV«™“ig3u,e.d33'n AVS2776 tfd n01 appreciaBly pha"9a lh's hampprt' 

one weeiTo^eivalio^nnM^umsexperimeni^3 ^ 5333 an7 animalS in ,ha app'd"malalV 

mn/klhnf °i. this41®xP®rim®nt contrast strongly with our previous data in which 50 
ribavirin Î, .¾ 76 ®,gn,,'cant|y prevented death of the mice receiving a usually lethal dose of 
nbavmn. At this point, we can offer no explanation for this difference in result. 

Conclusion» 

Treatment of C57BL/6 mice with high (800-1200 mg/kg/day) of AVS01 (ribavirin) for a 5-dav 
period caused an early lethal toxicity of the mice. When bropirimine (AVS2776) was admiiistored 
13653 ,n,J S'"S'« oral dose ol 50 mg/kg, essentially no dllference In seen 
which conflict- with earlier experiments (Sections XXI, XXII) where the lethal toxicity was alleviated' 

aiihn!milICan SG0J' SGPT’ or liv®r discoloration were seen by AVS01 treatment 
studyU9h SOme anemia ®xhibit®d as beeline in hematocrit was observed by the 6th day of the 
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Tabl« XXIII-1. PT274-276. Eiltet of Singlo p.o. AVS2776 Treatment 
on the Ueually Lethal Toxic Effecte of AVS01 in C57BL/6 Mice«. 

Compound 

AVS01 

AVS2776 

Posage 

1200 
800 

50 

% 
Survival 

o 
o 

100 
AVS01 + 1200 + 50 o 

_AVS2776_800 + 50_p 

aAVS01 administered p.o. bid x 5; AVS2776 administered p.o. once only on day 3. 
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Figure XXIIM. PT274-276. Effect of p.o. Treatment with AVS2776 on 
AVS01-Induced Anemia in C57BL/6 Mice». 

Days 

aAVS01 administered p.o. bid x 5 starting on day 0. 
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XXIV. COMPARISON OF AVS20e TOXICITY IN BALB/C AND C57BL/6 MICE 
Introduction 

frihamLtina\ lAHtaf!Inua, ?®Port, many «xparimeols were reported on the use of AVS206 
!LDso/wa«! rifttarminon8 ^ udl®s we/e 'V'l.!0 C57BL/6 mice-and a rather accurate 50% lethal dose 
iiin5i0) ?.S de eT ed sePara,€ studies run in BALB/c mice, this compound appeared to be 

nÍCe Arlexperiment was theref0?a run ‘o compare the toxicity of AVS206 in both strains of mice, the results of which are here described. 
Materials and Method« 

.^.5206 was provided by Biological Research Faculty and Facility, Inc The 

study to WaS USed m he entire StUdy' The compound was dissolved in sterile saline for use in the 

10 n !?^UcWeek‘0ld, fTale BALB/C and C57BU6 mice' doth strains weighing 8- 
WaSno d T S,monsen Laboratories (Gilroy, CA). The animals were maintained on 
Wayne mouse chow and tap water ad libitum. 

artmi^cf/raü7fní Des'3n-' Dosages of 1000, 500, 250, and 125 mg/kg/day of AVS206 were 
fnnTlhirl!? ° 91,0^8 of ? mice of 6ach strain and age i.p. twice daily for 5 days. The mice 
ma8tmon»WI Aiin0rma £on,ro1®-'f'61'® weighed prior to initial treatment and again 18 hr after the finai 

treatment. All were observed daily for death for 21 days. 

Results and Discussion 

<rt™TheJe^lts aJe SU T1mariz®d in Tables XXIV-1 and 2. In the BALB/c mice of both aaes the 
tOOO mg/kg/day dose of AVS206 killed all the mice, whereas in the C57BU6 mice all survived 

Ton mn/kn/Ha6 ^ ^ ^ WaS thUS det®™"®d «0 beIpp OxiSy 
700 mg/kg/day; it was >1000 mg/kg/day in C57BL/6 mice. 

arrrtLr¡n«e.«d^COnfÍr.m our-?5rliar' Pre|iminary Endings that the toxicity of AVS206 varied 
according to mouse strain. This is not a unique finding; one of the Utah State University 

mnri8', ^ Bha9ub,r Sharma, has made a similar observation that C57BL/6 mice were 2 to 4 
hmes more resistant to aflatoxm than BALB/c or CD-1 mice. He attributed this difference lo 

enZyme pr0,'leS in ,he various mouse s,rains- Pi,at and Smi,h (1) have reported thLt 
henatm?ní?í fh!fcr1hT0He«SenSI,IVe-,° PTV m,ec,ion ,han 0,her mouse strains; PTV is known to be 
in SI acnÀrthnf I dlHerenclS m viral sensitivi,y also probably are dependent on differences in some aspect of the liver in each mouse strain. 

mice ishusedreSUltS SU59eSt cau,ion in interpreting antiviral and toxicity data when a single strain ot 

Conclualona 

adn<Sd\r^™M!“or50d“ysan'in9 BALB/C ^ 'han 10 Weanlin9 C57BL'6 m,ce when 
Referencaa 

1‘ and J F JSrnith- t987- Punta Toro virus infection of C57BL/6J mice: A model for 
phlebovirus-mduced disease. Microbiol. Pathogen. 3:409-422. 
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Table XXIV-1. Expt. Pt272-273. Effect of Twice Daily i.p. 
Treatment With AVS206 on Death and Weight Loss in 

Uninfected Mice: Comparison of Toxicity in BALB/c and 
C57BL/6 Mice. 

Animals: 8.0-10.0 g female mice. 
Virus: None 
Drug Diluent: Sterile saline 

Treatment Schedule: bid x 5 
Treatment Route: i.p. 
Experiment Duration: 21 days. 

Dosage 

Compound (mo/ko/davl 

AVS206 1000 
500 
250 
125 

Normals 

-BALB/c Mice 
Surv/ Host Wt. MSTb 

Total Change (gta (davsl 

0/3 -2.1 7.7 
3/3 0.6 >21.0 
3/3 1.4 >21.0 
3/3 1.0 >21.0 

3/3 1.3 >21.0 

C57BL76 Mice 
Surv/ Host Wt. MSTb 

Total Change (q)a (days) 

3/3 -0.7 >21.0 
3/3 0.3 >21.0 
3/3 -0.4 >21.0 
3/3 1.0 >21.0 

3/3 2.1 >21.0 

difference between initial weight at start of treatment and weight 18 hr following final 
treatment of mice. 

bMean survival time of mice dying on or before day 21. 

Conclusions: AVS206 (ribamidine) was more toxic in BALB/c mice than in equal 
aged C57BL/6 mice. M 
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Table XXIV-2. Expt. Pt270-271. Effect of Twice Daily i.p. 
Treatment With AVS206 on Death and Weight Loss in 

Uninfected Mice: Comparison of Toxicity in BALB/c and 
C57BL/6 Mice. 

Animals: 16.0-18.C „ ¿.nale mice. 
Virus: None 
Drug Diluent: Sterile saline 

Treatment Schedule: bid x 5 
Treatment Route: i.p. 
Experiment Duration: 21 days 

Dosage 

Compound (mo/ka/davl 

AVS206 1000 
500 
250 
125 

Normals 

-BALB/c Mice 
Surv/ Host Wt. MSTb 

Total Change (davs) 

0/3 -4.2 6.7 
3/3 -3.5 >21.0 
3/3 -2.7 >21.0 
3/3 -0.5 >21.0 

3/3 -0,6 >21.0 

-C57BL76 Mice 
Surv/ Host Wt. MSTb 

Total Change (g)a (days) 

3/3 -1.4 >21.0 
3/3 0.3 >21.0 
3/3 -0.5 >21.0 
3/3 0.2 >21.0 

3/3 0.6 >21.0 
3 
Difference between initial weight at start of treatment and weight 18 hr following final 
treatment of mice. 

bMean survival time of mice dying on or before day 21. 

Conclusions: AVS206 (ribamidine) was more toxic in BALB/c mice than in equal 
aged C57BL/6 mice. 
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XXV. DETERMINATION OF THE SUSCEPTIBILITY OF NIH-III MICE TO PTV 
Introduction 

PTv 'T®«681 t04deîerrrin® ,he re,a,ive susceptibilities of immunocompromised mice to 
PTV infection. A strain of mice having genetically-induced immuie deficiencies is beinq raised in 
our laboratory and was evaluated. These were the NIH-III mouse. The NIH-III mice combiné the 

rpiuf ínH thÍtaw°n re™lerm9them athymie, the beige (bg) mutation reducing the number of NK 
cells, and the xid mutation reducing the number of LAK cells (1 ). y 

Materials aud Methods 

I Tm in® were reared under sPecial aseptic conditions in the Utah State 
adSum Lab0 a ory Animal Research Center. They were maintained on sterile food and water 

Virus: The Adames strain of PTV as used in all our standard PTV studies was employed 

hniri ^e.S'9H: F5ur or ,ive mice were ir|jected s c- with each of 5 dilutions of PTV then 
held and observed for death over a 21 -day period. 

Results and Discussion 

. ..The/®sul,s are summarized in Table XXV-1. The high concentrations of PTV did not cause 

rnnroñ?rlí«nmi!^,JH.?Wever' ^ 10'3 concentration apparently killed one animal, and the 10 4 
concentration killed all mice injected. We have encountered a “window" of sensitivity in the past 
using his virus in other mouse strains. In such a situation, the higher concentration (usually 10° 

Hlforti J!''®«? 5SS le,hal 10 mice than were lower concentrations, suggesting the presence ot 
defective interfering particles. These results with NIH-III mice, however, indicate a much 
exaggerated “window", if indeed the deaths were due to the virus at all. This could be due to 

concentrations00103 m the m'Ce' We m,end t0 repeat ,hiS exPeriment usin9 lower viros 

Conclusions 

thflirMÍriiiT'^0«1?3'0'",9 ,hf ?U mutation rendering them athymie, the bg mutation reducing 
f DT^d Í Xld mu,atlon reducing the number of LAK cells were assayed for their 

sensitivity to PTV; only mice infected with the least concentrated virus dilution died suqqestma a 
greater resistance to defective interfering particles. The virus will be retitrated in these mice. 
References 

1. Kamel-Reid, S. and J.E. Dick. 1988. Engraftment 
hematopoietic stem cells. Science 242:1706-1707. 

of immune-deficient mice with human 
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labt« XXV-1. Susceptibility of NIH-Ill Mice« to 

Virus 
Dilution 

100 

10-1 

10-2 

10-3 

10-4 

a5-8 month-old females. 

Surv/ 
Total 

4M 

4/4 

4/4 

3/4 

0/5 

s.c. PTV Inoculation. 

Mean Surv. 
Time 

>21 

>21 

>21 

8.0 

4.4 
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XXVI. TITRATION OF PUNTA TORO VIRUS IN THREE AND 
SWISS WEBSTER MICE 

Introduction 

FOUR WEEK-OLD 

In the initial work studying PTV in mice, Rifat and Smith (1) reported Swiss Webster mice to 
♦hlTcîm ^ sensitlve 10 the infection. Since these mice are considerably lower in price than il£57Br6 m|c® currently used, a titration was performed to assess their sensitivity to the 
Adames strain of PTV now in our laboratory. 7 

Materials and Method» 

(1) Virus: The Adames strain of PTV was propagated as previously described by Sidwell et al. 

Ánima's: Female Swiss Webster mice weighing 9-11 g (3 week-old) or 14-17 g (4 week-old) 
were ob.ained from Simonsen Laboratories (Gilroy, CA) for this study. They were used after a 24 
hr quarantine. ^ a ^ 

. ExPer'ment |p0S/gn; Ten mice in each age group of mice were injected i.p. with 0.2 ml of PTV 
in dilutions of 10' ,10' , 10'4,10'5, or 10'6. Deaths were mon;tored over a 21-day period. 
Results and Discussion 

The results of these titrat’ons are summariied in Tabic XXVI-i. As expected, 3 week-old 
mice were-more susceptible to the irfection than were 4 week-old animals, but in neither group 
d'd suffic'ent animals die to warrant changing to thir strain of mice from the currently used 

Conclusions 

Swiss Webster mice were not satisfactorily sensitive to i.p. injection of Adames strain PTV 
with an unacceptable number dying of the infection. 

References 

1- Pifat. D. Y. and J. F. Smith. 1987. Punta Toro virus infection of C57BL/6 mice: 
Pn/ebowrus-induced disease. Microb. Pathogen. 3:409-422. 

2. Skfwell, R. W., J. H. Huffman, B. B. Barnett and D. Y. Pifat. 1988. In vitro 
Pnlebovirus inhibition by ribavirin. Antimicrob. Ag. Chemother. 32:331-336. 

A model for 

and in vivo 
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Table XXVM. 

Three week-old mice 

Virus Dilution 

10-2 

10-3 

IO4 

10-5 

10-6 

Four week-old miro 

Virus Dilution 

10-2 

10-3 

IO*4 

10-5 

IO'6 

Infectivlty of PTV in Swiss Webster Mice. 

Survivors/Total 

7/10 

9/10 

8/10 

4/10 

4/10 

Mean Surv. Time (davsï 

5.3 

6.0 

5.0 

4.5 

4.3 

Survivors/T otal 

10/10 

9/10 

9/10 

9/10 

9/10 

Mean Surv. Time (davsl 

>21.0 

6.0 

5.0 

4.0 

5.0 
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XXVII. ^^f^TI0N 0F ADAMES STRAIN PTV IN INTRACEREBRALLY INJECTED 

Introduction 

It has generally been assumed that the Adames strain ot PTV is an hepatotropic and not 
neurotroptc virus. Thus the known neurotropic Balliet strain of PTV has been routinely used lor 

a°ainSt PTV:induced encephalitis. An experiment was run to determine if 
the Adames strain of the virus was also capable of causing encephalitis in mice. 

Material« end Mnthorty 

^ Virus: The Adames strain of PTV was propagated as previously described by Sidwell et al 

Animals: Four week-old male C57BL/6 mice were obtained from Simonsen Labs (Gilroy CA) 
and used after a 24 hr quarantine. 

i Defign: GrouPS of 5 mice each were inoculated i.c. with varying 10-fold dilutions 
? PTV~I he animals were observed through 21 days and deaths recorded daily. As mice died, 
~ orams were removed, frozen at -80°C and later assayed for infectious virus titer in LLC- 

BmuIIi and PlicuMion 

The results are summarized in Table XXVIM. The virus was lethally infective when 
administered i.c., with an LD50 determined to be a 10 5 dilution of the virus stock The most 

ViruS was ool '«thaï to the mice, an observation also seen using the 
hepatic infection and due presumably to an accumulation of defective interfering particles at that 
nign concentration. 

, . T.here's .some. question whether the deaths occurring were due to encephalitis Ot 5 brains 
aken from dying mice which were assayed for virus, none yielded infectious virus. Three out ct 5 

!lin^«^r?í^m¡elThfir^S,i' at ,i,ers ranging from 101-7 to 104 5 50% cell culture infectious 
HaiftnM T ' T.h®se ,l,vers had discoloration scores of 1 to 3. This suggests to us that this virus 
infection hepa 0and al,hou9h inoculated i.c., still gravitated to the liver to induce a lethal 

Concluiion« 

¡e«i,«I5e« °!PTV was '9thal ,0 4 week-okJ mice when injected i.c. No virus could be 
isolâted from the brains of the dying animals, but could be recovered from their livers, which also 
showed signs of icterus. 

Reference« 

1 IS"!!)' R- H ?uf,man' B-B. Barnett and D. Y. Pifat. 1988. In vitro and in vivo 
Pnlebovirus inhibition by ribavirin. Antimicrob. Ag. Chemother. 32:331-336. 
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Tablt XXVIM. Titration of Adamaa Strain PTV in i.c.-lnoculatad 
C57BL/6 Mica. 

Vims Dilution 

10-1 

10-2 

10-3 

IO'4 

10-5 

10-6 

IO’7 

Survivors/T otal 

5/5 

0/5 

0/5 

1/5 

2/5 

5/5 

5/5 

LD50- IO'5 

Mean Surv. Time (daysi 

>21.0 

4.0 

4.0 

4.5 

6.0 

>21.0 

>21.0 
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