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PRINCIPAL INVESTIGATOR: R, L, Thompson
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TITLE OF PROJECT: Nutritional Requirements of Mammalian Viruses,

Objectives: 1) Lo synthesize substituted amino acids, thyroxine-~like
substances, thiosemicarbazones and other materials which may influence viral
growth, 25 To determine the effect of these and other materials on multi-

piication of mammalian viruses,

Summary of resultss

a) Since start of project: 1) Synthesis of 33 compounds, including ana-
logues of amino acids, thyroxine-like materials, thiosemicarbazones and
rhodanines, 2) In vitro experiments with viruses: i) Fluorophenylalanine and
thienylalanine inhibit multiplication of vaccinia virus in chick embryonic
tissues and the inhibition is counteracted by phenylalanine. ii) 2,6-Diamino-
purine inhibits multiplication of vaccinia virus in chick embryonic tissues
and the inhibition is overcome by adenine and adenine-containing compounds,
iii) 5-(2'4'=Dichlorophenoxy)-L-hydroxy-2-mercaptopyrimidine and related
compounds are weak inhibitors of vaccinia virus in chick embryonic tisSues,

iv) Thiosemicarbazcnes vary in their capacity to inhibit growth of vaccinia
virus in chick or mouse -embryonic tissues, 3) In vivo experiments with viruses:
i) Mice inoculated intracerebrally with vacciniz (IFD strain) or variola
(Williamsport strain) viruses are not protected by treatment with fluorophenyl-
alanine, thienylalanine or 2,6-diaminopurine, ii) The resistance of mice to
these viruses is increascd by treatment with 5-(2'L'-dichlorophenoxy)=-l~hydroxy-
2-mercaptopyrimidine or certain thiosemicarbazones. iii) ilost thiosemicarbezoncs
which protect mice against variola-vaccinia viruses inhibit growth of vaccinia
virus in vitroe The pyruvic acid derivative is highly active in vitro btut
inactive in animals; cinchoninaldehyde thiosemicarbazone is weakly active in
the tcst tube but quite effective in mice, iv) Death of mice inoculated intra-
corebrally with Lansing poliomyelitis virus often is delayed by trcatment with
certain thioscmicarbazones, thiouracils or thyroxine analogues,

b) During current period: 1) Chemical syntheses: Preparation of 2L
compounds, including thiosemicarbazones and thiohydantoins. The compounds are
listed in the appendix. 2) Biclogicalt i) Effcct of dosage, time and route of
administration of thiosemicarbazoncs on protcction of mice against variola-
veccinia viruses: Data are presented in tabular form in the appendixe Aisatin
thiosumicarbazone, administercd intraperitoneally, was found to protect mice
inoculated intracerebrally with a recently isolated variola virus (Williomsport
strain). & single dose of 5-10 mg. is most e¢ffective when given 2L-U8 hours
after ianitiation of infection,
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Threc doscs of 2.5 mge., each, administered within L8 hours after inoculation

of virus protccts the majority of mice and is cquivalent or superior to the
feading of 2,04% of the compound in the diet. Threc doses of 1 mg., cach,
reduces the fatality rate, 2-liethoxybenzaldehyde, 5-nitro-2-thenaldchyde,
cinchoninaldehyde and isonicotinic acid thiosemicarbazones also are cffective
when administered by the peritoneal route, Other compounds havc not been testic
are too toxic by this route, or arc inactive when administercd intrapcritoneall
ii) Effect of thioscmicarbazones on multiplication of varioles virus in the brai
of ihe mouse, Mice were inoculated intracerebrally with variola virus
{WilTiamsport strain) and treated by intraperitoneal injcction of isatin thio-
semicarbazone for L8 hours immediately after inoculation of virus, Treated and
untreated micc were sacrificed cach day and the viral content of the brains
determined by intradermal titration in rabbits, Data from L experimonts are
presented graphically in the appendix, No significant diffcorences in the
concentration of virus in the brains of treated and untreated mice was detected
Similar results werc obtained from experiments in which benzaldehyde or 5-bromo
2-thenaldehyde thioscmicarbazoncs were fed in the dict. 5-(2'L'-Dichlorophenox
Li-hydroxy-2-mercaptopyrimidine may reduce viral multiplication, iii) Semliki
Forest virus: This neurotropic virus (Smithburn & Haddow, 19L4li) was introduced
into the study because it produces fatal infection of mice following intraperi-
toneal injection, Mice inoculated in this manncr and fed test materials in the
diet were found to recact as follows: 1) Ethionine, an analoguc of the amino
acid methionine, when fed in a strength of 0,15%, resulted in the survivel of
Ll of 70 mice (60%) as comparecd to 17 of 99 (17%5 untreated animels, 2) 5-(2'4:
Dichlorophenoxy )-L-hydroxy=-2-mercaptopyrimidine (0,75%) treatment resulted in ti
survival of 1h of 32 mice (LL%) as compared to 5 of L7 (11%) untreatcd animels,
3) Thiosemicarbazones (6), scmicarbazones (2), purines (10), other pyrimidines
(8), analogues of other amino acids and of growth factors either failed to
protect mice or possibly decreased resistance, iv) Poliomyelitis virus: No
additional experimopts,

Plans for Future:

Immediate: 1) To study the effect of treatment with thioscmicarbazones or
S5-phenoxy thiouracils on the rcsponsc of tissues of mice and chick embryos to
variola~vaccinia viruses, 2) To determinc the effcet of prolonged propagation
of variola-vaccinia viruses in mice treated with thioscmicarbazones or S-phenox;
thiouracils, 3) Investigation of the effect of methionine analogues, S-phenoxy
thiouracils and other substances cn Semliki Forest virus infection in mice,

L) Determination of thc effect of thesc materials on infections of mice due to
other neurotropic viruses,

REPORTS AND PUBLICATIONS:

R, Lo Thompson and S, A, Minton, Jr, "Effcct of heterocyclic and othcr thiosemi-
carbazoncs on vaccinia infection in the mousc," Annual mecting, Amcr, Assn,
Immunologists, New York City, April 14-18, 1952, (Fed, Proc. 11, L85, 1952),
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R, L, Thompson, S, &, Minton, Jr., J, E, Officer and G, H, Hitchings, "Effect
of hcteroecyclic and other thiosemicarbazones on vacciniz infection in the mouse,"

Je Immunol, Being submitted for publication,

S, A, lMinton, Jr,, J, E, Officer and R, L. Thompson, "Effect of thinscmicarbazonc
and dichlorophenoXythiouracil on multiplication of a recently isolated strain of
variola-vaccinia virus in the brain of the mouse," J. Immunol. Being submitted
for publication.,

£, Campaigne and W, L, Archer, "Thiosemicarbazonecs of S-substituted isatins,"
Joh,C,5, Being submitted for publication,

i, Campaigne, P, Monroe, B, Arnwine and %, L. Archer, "Thiosemicarbazones of
thiophene derivatives," J.A.C.S. Being submitted for publication,



SEMT-ANNUAL PROGRESS REPORT:  Supplementary report.
NR: 13L=718/2-6-51 (L)

I'csults obtained during current report period:

1. Chemical syntheses: Since thc last report, the following

ccnpounds have been prepared and submitted for tusting:

ONR 36 5-methyl-2-thenaldehyde thiosemicarbazone
O 37 S-nitroisatin thioscmicarbazone
CNR 38 S-bromoisetin thioscmicarbazone
CHR 39 2~-thenaldehyde semicarbazone
ONR LO 3-methyl-2-thenaldchyde thiosemicarbazone
ONR L1 9-anthraldehyde thioscmicarbazone
ONR 42 5-(beta-ethylmercaptoethyl )-2-thiohydantoin
ONR L3 S-acetamido-2- .enuldchydc thiosemicarbazone
ONR Lk p~dimethylaminobenzaldehyde thiosemicarbazonc
ONR 1S isonicotinaldchyde thiosemicarbazone
ONR L6 1-acetyl-5-(p~chlorobenzoyl )=2-thiohydantoin
ONR L7 1-acetyl-S5-(p~bromobenzyl)-2-thiohydantoin
ONR L8 1-acetyl~-5-(3-thenyl )-2-thiohydantoin

ONR L9 1-acetyl-5-methyl-2-thiohydantoin

N S0 l-acetyl-5-(beta-methylmercaptoethyl )-2-thiohydantoin
ONR 51 l-acetyl-5-(beta-ethylmecrcaptocthyl)-2-thiochydantoin
OWR 52 5,5-diphenylpseudothiohydantoin

OWR 53 5-phenylpseudothiohydantoin HC1

ONR 5L S-bengylpscudothiohydantoin

ONR 55 5-(p-hydroxybenzyl )-2-thiohydantoin

MR 56 1l-acetyl-5-mcthyl-5-phenyl-2-thiohydantoin
0:R 57 l-zcctyl-5-benzyl-2-thiohydantoin

Or'R 58 S-benzyl-2-thiohydantoin

ONR 59 5-t-butyl-2-thenaldehyde thioscmicarbazone,



Table I

zffect of thiosemicarbazones and related compounds on vaccinia infection in

the mouse
Compound Proportion of mice surviving in “kxcess
Source#* No, Conc, in dilution ofH=t surviv
diet{%) Treated groups Untreated groups in trc
102 1073 1074 1072 1073 o™ ed arc
35 1 thiosemicarbazide 0.0k 0/6 0/6 2/6 c/6 1/6 1/5 0
WL 2 pyruvic acid T.S.wHs ] o/6 0/6 3/6 o/6 1/6 2/6 0
8 3 cyclohexanone T«S. 0.06 0/6 0/6 0/6 o/s 1/6 3/6 =L
1 L benzaldehyde T.S. 0.0h L/6 2/6 S/5 o/s 1/6 1/5 9
0,068 s/5 2/5 3/5 o/5 1/6 1/S 8
" S5 benzaldehyde semi- 0,1 o/6 0/6 0/6 c/6 o/6 0/6 0
carbazone
CBC 6 p-acctamidobenz- 0.6 2/6 L/6 S5/6 0o/6 1/6 L/6 6
aldehyde T.S.
L 7 p-nitrobenzaldehyde 0,04 6/l 8/11 10/12 1/11 2/12 L/12  Be
'I‘.S L]
" 8 m-nitrobenzaldchyde 0.0k 0/6 3/6 1/6 0/6 0o/6 1/6 3
TsSs
i $ o-methaxybenz- 0.6 9/12 9/12 11/12 0/12 0/12 17/12 g@***
aldehyde T.S.
" 10 p-rhenylbenzalde- 0,06 0/6 0/6 0/ o/s 1/6 3/6 -k
hyde Toso
" 11 acetophenone T.5. 0,04 0/S 0/6 2/6 o/s 0/6 0/6 2
L 12 propiophenone T.S. 0,04 0/5 1/6 2/6 o/6 1/6 0/6
" 13 ethylphenylgly- 0.15 1/7 3/6 1/6 o/8 o0/6 2/6
oxalate T.S,
o 1 desoxybenzoin T.S. 0,04 0/6 0/6 0,6 o/6 0o/6 0/6 0
" 15 phenylacetaldehyde 0,04 1/6 3/6 L/6 1/6 2/6 3/6 2
u 16 cinnamaldehyde T.S. 0,04 0/6 o/ 0/6 0/6 1/6 1/6 -2
HR 17 picolinaldehyde T.S. ,03 0/6 1/6 o0/L o/s 1/6 3/5 -3
CBC 18 nicotinaldehyde T.S. .06 1/8 1M 1/6 0o/fS 0/6 0/3 3
0,12 3/6 L/6 3/6 0o/6 2/6 1/6 7
IR 19 0,08 3/6 5/6 5/6 2/6 1/6 5/6 5
" 20 1isonicotinaldehyde 0.08 6/6 6/6 5/6 2/6 1/6 5/6 9
TeSe 0,08 - 5/6 5/6 - 1/6 L/6 S
WEL 21 cinchoninaldehyde 0,02 2/6 2/6 1/6 0o/6 1/6 1/6
TSl 0,04 15/18 11/17 1L/18 1/18 3/18 2/18 11w+
0,08 5/6 5/6 2/6 0o/6 1/6 1/6 10
0.12 2/6 6/6 2/6 0o/6 1/6 1/6 8
" 22 cinchoninaldehyde o,0L 0/5 1/6 1/5 0/6 o0/6 1/6 1
semnicarbazone 0,15 0/8 0/6 0/6 o/5 o0/6 0/3 0
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S-bromo-2-thenaldehy- ,02
de T.S. 0,06

0.1
S-nitro-2-thenalde- 0,08
hyde T.S.
S-methyl-2-then- 0.06
2ldehyde T.S,
3-methyl-2-thcn= 0.08
aldehyde T.S.

3-thenaldehyde T.S. 0,04

0.1
2=-bromo=-3-then~ 0,06
aldehyde T.S,
2-chloro=-3-then~ 0,06

aldehyde T.S.

2,5«dichloro~-3-then- 0,1
aldehyde T.S.
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0/6

L/6
i
e

L/6
10/12
5/5
2/6
2/5
3/6
6/2L 1
o;S
7/12
1/12

0/5

5/6
5/5
6/6
0/6
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0/6
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3/6
5/6

7/12
6/6

1/6

5/6
2/6
6/6

L/6
8/11
6/6
6/6
1/6
5/6
2/2h
1/6
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0/6
0/6

1/5
/5
0/5
1/7

0/8
0/6
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0/6
1/6

0/12
0/6
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0/6
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L/23

1/7
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1/6
2/6
1/6
1/6
2/6
1/6
1/6
1/6
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0/6
0/6
0/5
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2/6
1/6
1/6

1/6
0/12
2/6
2/6
0/6
1/6
2/23
1/6
3/12

1/12

1/6

2/6 10
1/6 12
L/6 11

- 0
1/6 -l
3/6 3
3/6 ¢
3/6 -1
2/6 0
1/6 T
L/6 5
L/6 5
1/6 10

/0

0/12 @erR®
L/6 8
1/6 -1
3/6 L
0/6 10
L/6 12
/6 9
1/9 1238ttt
1/6 W
3/6 5
1/6 2
1/6 9
7/23 2%
3/% 0
2/12 GinueX*
1/9 38
3/6 -1

¥ Sourcc of materialst ERC-Eastman Rodak Co.; WRL-Dr, G. H. Hitchings, Wcllcome
Research Laboratories; IU-Dr, E, Campaign

National Resecarch Council,

## hice were placed on casein-sucrosc diet containing concentration of test
meterial listed for 1-2 days before inoculction of virus and the treatment was

¢, Indiana Universitysy HR-Dr, J. A.
Acschlimann, Hoffmann-La Roche, Inc,; CBC-éhemical-Biological Coordinmation Center

continued for 9-13 deys. Untreatcd mice were fed the samc basal dict,

3+ Virus inoculated intracerebrally,

et ToS, denotes thiosemicarbazone,
Ht Composite of 2 or more experimentsj average number of cxcess survivors per
cxreriment is listcd,
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