Antiphytoviral Drugs Against Tomato Spotted Wilt Virus'

ABSTRACT

Many experiments have been carried out in the Plant
Yirology Section of the Biological Institute of 5o Paulo to
discover an antiviral compound to control tomate spotted
wilt virus (FSWVY) in tobacco and tomaio plants. The
following compounds have been tested to date: acyclovir (9-
[hydroxyethoxymethyl] gusnine); smantadine (1-adamanta-
pamine hydrochloride); aspirin {acetylsalicylic acid); bromo-
pyrazino-pyrazine derivative  (2,3-dihydroxy-6-bromo-
pyrazine [2,3-B] pyrazine); carbendazim (methyl-
benzimidazole-2-yl-carbamnte); dihydroxypropyl adenine
([R,5]-9-(2,3-dihydroxypropyl adenine); distamycin A
(distamycin A hydrochloride); interferon (human amaiotic
interferon-Beta like); lauricidin (monegliceride of Jauric
acid); polyacrylic acid; ribavirin (1-beta-D-ribofuranosyl-
1,2,4-trinzole-3-carboxamide); tinzofurin (2-beta-D-
ribofuranosyl-thiazole-4-carboxsmide). Tiazofurin at the
concentration of 100 mg/l was the most efficient drug to
control TSWY in tomato plants when the leaves were
sprayed twice, five days aad 30 minutes afier inoculation.
Ribavirin slso showed a remarkable inhibitory effect in
tobacco ant tomato planis when the leaves were sprayed
with 250 mg/l and 500 mg/l four and eight days before
inoculation, respectively. Symptoms could also be
suppressed when the solutions were sprayed 30 min after
inoculation. Other substances which showed some inhibitory
effect were: Acetyl-salicylic acid at 500 mp/l, sprayed 72 h
before inoculation, aod the brome-pyrazise-pyrazine
derivative 2t 400 myg/] brushed onto the leaves 24 h before
virus inoculation.
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COMPENDIO

Muchos experimentos han sido conducidos en 1 Seccidn
de Virologia de Plantas del Instituto Bioldgico de Sfo Paulo,
Brasil, con el inlento de descubrir y sclecciopar un
compuesto antiviral para controlar el TSWYV en plantas de
tabaco y tomate. Los siguicates componentes fucron
probados hasts ¢l momento: acyclovir, amantading,
agpirina, bromopyrazinopyrazina, carbendazima,
dihidroxipropiladening, distmmicina A, interferén humano,
tauricidina, dcide poliacrilico, ribavirina y tiazofurina.
Tinzofurioa en una concentracitn de 100 mg/t fuc Iz droga
mis eficienie para controlar TSWY en plantas de tomate,
cuando sus hojas fueron pulverizadas dos veces durantle
trefota miputos, ¢inco diay después de la inoculacidn.
Ribavirina también mosted un efecto inhibitorio en plantas
de tabaco y tomate cunndo foereon pulverizadas con 250
mpfl y 300 mg/l, cuatro y ocho dins sstes de s inocudacion,

respectivamente. Los sintomas [fueron totalmente
reprimnidos cuando las soluciones fueron pulverizadas
treinta minutos después de la inoculacidn. Otras

substanciag gque demostraron alpin efecto inibidor fueron:
Acido acetilsalicilico a 500 mg/l pulverizado 72 h antes de
la inoculacién y el derivade bromopyrazinopyraziaa
pincelado sobre las hojas, 24 h antes de la inoculacidn con
virus,

INTRODUCTION

omato spotted wilt virus (TSWV) has a
world-wide distribution and one of the widest
host ranges among plant viruses (4). The most
important agricultural plants effected by TSWV are
tomato, tobacco, pepper, potato and peanut {14). This
virus presents some unique properties which include
enveloped, roughly spherical particles, about 85 nm in
diameter and is the only plant virus transmitted by
thrips {14). Although TSWV is very unstable in plant
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extracts it can be tasily transmitted by sap inocula-
tion. TSWV is an ssRNA virus, probably positive
sense (31).

In Brazil, some strains have become adapted to
Solanaceous hosts, presenting a limiting factor for
tomato crops under especial environmental conditions.
Control measures invelving attempts to introduce
resistance in productive commercial tomato cultivars
have failed, and the use of insecticides to controf the
vector, although reducing its incidence, has not
adequately controlled the disease {5).

Many experiments have been carried out at the
Plant Virology Section of the S&o Paulo Biological
Institute to identify an aniiviral compound which
would control TSWV replication during the carly
phases of plant development, when the infection may
become extremely severe. Different antiviral
chemotherapic drugs were tested using tomato and
tobacco plants as TSWV hosts.

The similarity between TSWV morphology and
maturation processes wilh some animal viruses
(Bunyaviridac) (24) suggested starting the screening
tests with compounds which showed promising results
against some animal viruses blocking specific virus
enzymes. Thus, starting with ribavirin in 1977, the
following compounds were tested: acyclovir, aman-
tadine, bromo-pyrazino-pyrazine, dihidroxy-propyl
adenine, distamycin A, interferon, lauricidin and

tiazofurin, a drug structurally related to ribavirin.
Since aspirin and polyacrylic acid may induce a
systemic acquired resistance fto  viral infection,
associated with the production of "b proteins” (18, 23,
26), they were included in the experiments.
Furthermore, as systemic-acquired resistance may be
due to a change in the endogenous honmonal balance,
the systemic fungicide carben-dazim was also tested
for its well known cytokinin activity (15).

MATERIALS AND METHODS

Virus seurce and inoculation

Plants were mechanically inoculated with a sap
prepared using TSWV  infected tomato Ieaves
macerated in phosphate buffer 0.01 M containing
0.5% sodium sulphite + 0.1 M ascorbic acid in the
proportion of 1 g fresh tissue/S ml buffer. The leaves
were dusted with carborundum before inoculation.
Due to the instability of the virus all manipulations
were carried out under cold conditions (* 4°C). To
confirm the inoculum infectivity, all controls were
inoculated after the treatments,

Compounds

The generic and chemical names of the compounds
used as well as sources are listed in Table 1.
Structural formulae of some are presented in Fig. 1.

Table 1. Compounds tested against tomato spotted wilf virns in tomato and tobacco plants.

Generic name Chemical name Source
Acyclovir 9-(hydraxyethoxy methyl {Dr B3 Schaeft)
puanine Borroughs Wellcome
North Carolina {USA)
Amantadine (Symmetrel} L-adamantanamine hydrochloride Ciba-Geigy
Welhr/Baden
Germany
Aspirin acetyl-salicylic acid Bayer Laberatories, Brazil
Brome-pyrazinopirazine derivative 2,3-dihydroxy-6-bromopyrazino Br A Verini

{2,3.beta) pyrazine

Cario Erba
Nerviane, ftaly

Carbendazim (DPX-965-75)

methyl-benzimidazole-2-yl-carbamate

Dr Carlos Viana
Du Pent, Brazi

Dihydroxy propyt adenine (DHPA)

(R,5)-9-(2,3-dihydroxypropyl) adesine

Dir E De Clereg
Rega Institute, Leuven, Belgium
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Continuation Table 1,

Generic name

Chemical name Source

Distamycin A

Distamycin A hydrochloride

Dr. A. Verini, Carlo Erba
Nerviano - Italy

Interferon (Beta like)

Human amniotic interferon

Dr. R.R. Golgher )
Virus laboratory, Federal University of
Minas Gerais — Belo Horizonte-Brazil

Lauricidin Monoglyceride of lauric acid

(Dr. J. Kabara)
Michigan State University, Michigan —
USA

Polyacrylic acid (Versicol)

Polyacrylic acid M.W. 3 500

Allied Colloids Ltd.
Bradford - England

Ribavirin (Virazole)
3-carboxamide

1-beta-D-ribofuranosyl-1,2,4,-triazole-

Dr. 1. Martirani
ICN-Usafarma, Sdo Paulo — Brazil

Tiazofurin 2-beta-D-ribofuranosyl-thiazole-

4-carboxamide

Dr. R.K. Robins
Cancer Res. Center-Brigham Young
University — Provo — USA
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Fig. 1. Structural formulae of some antiviral compounds

tested against tomato spotted wilt virus (TSWV).

Plants

The antiviral compounds were applied to tobacco
'White Burley' and/or tomato ‘Sta. Cruz' plants. In
all cases 10 potted, two to three- month old plants
were used for each drug concentration, and for
controls.

In order to verify if symptomless treated plants
were virus-free, a recovery test was carried out when
controls showed typical systemic symptoms (* 10
days after inoculation). For these recovery tests local
reaction hosts such as Phaseolus vulgaris ‘Manteiga'
and Petunia hybrida were used.

The antiviral solutions were prepared with distilled
water adding one drop of Tween 20/100 ml solution
as a wetting agent. The solutions were mainly sprayed
on the leaves once or more, according to the drug
used (Tables 2 and 3). The plants were sprayed until
dripping. Only one spray was applied for the majority
of the chemicals before or after inoculation. For
aspirin, three sprays were also applied at 24 h
intervals and two sprays of dihydroxy-propyladenine
were applied, immediately before and after inocula-
tion. Brushing was the method used when the
compounds were available in very small amounts.
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This method consisted in applying the liquid on the
leaf surface with the help of a soft brush. Irrigations
were used only in the case of carbendazim; suspen-
sions being prepared in water and applied twice to the
soil of the potted plants with a 24 h interval.

Plants were kept in a glasshouse and observed
daily during a period of 30 days. Local lesions
appeared within approximately seven days in both
host plants, tobacco and tomato. In tomato, visible
local lesions could not be counted due to the
coalescence of their borders. In tobacco local lesions
were counfed allowing evaluation of the ighibition

percentage (IP) in which controls are compared to
treatments according to the formula;

IP = (1-A/B)). 100,

where A= average number of local Iesions in treated
plants, and B = average number of local lesions in
contro} plants.

Systemic symptoms could be observed in tobacco
and tomato approximately 10 days after inoculation.
The evaluation of the antiviral effect of each chemical
was measured through the percentage of systemically
infected plants (SIP) 20 d after inoculation.

Table 2, Effect of antiviral compounds against TSWYV in tobacco plants,
Generic name Method of application Dosgage! ip? SIP? (%)
Acyclovir Sprayed once 30 min 400 mgft 0 104
after inoculation 0 - 100
Amantadine Sprayed once 30 min 10 mg/fl 37 100
(Symmetrel) after inoculation 50 mg/ 24 90
100 mg/fl 33 100
500 mg/l 43 100
s} - 100
Aspirin Sprayed once 250 mpfi M4nh 8 81
4. 4801721 4852 67
betore inocutation 72 h 54 67
500 mg/l Mh o6 87
48 k B4 i7
72090 17
0 90
Sprayved 3 times 250 mg/l 53 50
with 24 h interval 360 me/l 84 30
belore moculation 1 060 mg/fl 94 10
{phytoloxis)
0 160
Bromo-pyrazino- Brushed once, 2 h 200 meg/i H Y 4G
pyrazine derivative betore inocuiation 404 mg/l 1G0 10
0 - hit
Carbendazim Irrigated twice. 24 and 05gfl 0 106
{BPX-965-75) 48 h belore inoculation 1.0 gft 0 100
20/ 83
Angh KR a2
100 A7 00
0 G0
Dibhydroxy propyl Sprayed twice, 5 min 500 mpft 26 50
adenine (DHPA; betore and 5 min atter 0 - 0
inacuiation
Pistamyein A Brushed once. 2 h 2068 mgfl 0 80
betore inoculation 400 mg/i 49 4(}
U - ) 80
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Continuation Fable 2,

Generie name Method of application Dosage’ 1p? Sip?
(%)
Interferon {beta-like) Brushed once, 72 h 0.001 Li/ml 60 83
before inoculation 1 tfml 43 90
100 t/ml 30 90
a - 90
Lauricidin Sprayed ance, 30 min 1 mi/l 0 130
after inoculation {phytotoxic}
0 110
Polyacrylic acid Sprayed once, 30 min, 200 mg/fml 30 min 0 1340
{Versicol} 24 b, 48h, T2hor %6 h 2 h6) E00
betore incesthition 48 h 83 HIY
73 1 37 100
96 B A5 {00
0 Hilt
Spruyed once, 30 min L0 mp/ml 3 min 0 100
or 48 & before inogu- 48 1 B6 90
tation 20 myg/ml W min O 100
48 1 89 70
40 mg/mi 30 miin O LOG
48 k RY 100
0 - L00
Ribavirin Sprayed once, 96 h 100 mg/l 60 [i14]
{Virazole) before inoculation 250 mg/l 60 0
500 mg/l 60 0
Q - 100
Sprayed once, 30 min 100 mg/1 0 10
after inoculation 250 mgf! 0 g
500 mg/l 0 0
0 - 100
Tiazefurin Sprayed once, 30 min 100 mg/i 91 20
after inncutation 280 mg/! 100 0
{phytotoxic)
&} 100

0 = control

1
1 Inhibities percentage in refation to the number of jocai lesions calcuiated seven days atter inocalation
3

Systemically-intected plants 20 days after inaculation

Experiments were repeated twice and dala expres-
sed in Tables 2 and 3 contain the resuits of one of the
tests.

RESULTS

The results obtained with the antiviral compounds
tested against TSWYV in tobacco and tomato plants are
presented in Tables 2 and 3.

Acyclovir: Acyclovir is a derivative of guanine
which selectively inhibiis the replication of herpes

simpiex virus types 1 and 2. It is converted to
triphosphate in herpes-infected cells being, in this
form, a more potent inhibitor of virus specific DNA
polymerase than of the cell alpha-DNA polymerase
(1, 16).

This drug showed no imhibitory effect against
TSWV, even at the high concentration of 400 mg/l,
when sprayed on tobacco plants 30 min after
inoculation.

Amantadine: Amantadine has been show to be
effeciive in the prevention and treatment of an (8S)
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Fable 3. Effect of antiviral compounds against I1SWV in tomato plants.

Generic name Method of application Dosage’ sip?
Aspirin Sorayed once. 72 h betore 250 g/l 100
inoculation 500 mg/l 75
0 100
Dibydroxy propyl Sprayed once, 30 min belore 800 mp/fi 100
adenine {DHPA} inoculation 0 100
Lauricidin Sprayed ence, 30 min after 1 mi/l 104
inoculation {phytotoxic)
0 104
Polyacrylic acid Sprayed onve. 48 b before 20 mghml 106G
(Versicol) inccalation 40 mg/imi HID
0 100
Ribavirin (Virazole) Sprayed once, 30 min alter P00 mp/l 60
inoculalion 200 mg/l 80
300 mg/l 60
4080 mgfl 70
500 me/t 10
¢ 90
Sprayed twice, 30 min and 300 my/l 45
24 b atter inoculation ( L0
Tiazolurin Sprayed once. 30 min atter 30 mgh 80
inocuiation 150 mg/i 40
200 mg/l 40
0 100
Sprayed once, 5 or 9 ¢ betore 100 mg/t 5 days 100
inoculation 9 days 100
0 100
Sprayed once, 5 or 9 dalter 106 mg/ Sdays 20
inoculation 9 days 100
0 100
Sprayed twice, 30 min and 100 mp/fl 10
5 d atrer inoculation 0 100

1 8= Control
2 Systemically inlected (96) plants 20 days atter incculation

RNA human virus, influenza type A, but not types B
or C (17).

In tobacco it inhibited local lesions induced by
TSWYV in low percentage (below 45 per cent). More-
over the drug did aot protect the plant against the
spread of the systemic infection.

Aspirin: Acetylsalicylic acid and salicylates may
induce new proteins in plants which are characteristic
of a hypersensitive reaction to pathogens {23, 26, 34).
When aspirin was applied once before virus inocula-

tior in tobacco plants, the highest inhibitory effect
was observed when 500 mg/l was sprayed 48 or 72 b
before TSWV inoculation (SIP 17 per cent) (11).
Aspirin applied three times before virus inoculation in
conrcenteations of 250, 500 and 1000 mg/l, inhibited
local lesions inducing IPs of 52 %, 84 % and 94 %
respectively, At 1000 mg/l however, the drug induced
a strong phytotoxic effect consisting of leaf blade
burning, although the solutions were always
neutralized to pH 7 with sodjum bicarbonate 1.0 M.
In tomato plants under similar conditions a jow
protective effect could be observed when 500 mg/l
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was sprayed 72 h before virus inoculation (SIP 75 per
cent) (11).

Bromo-pyrazino-pyrazine: The compound
showed in vitro antiviral activity against RNA and
DNA animal viruses (30).

In tobacco plants the drug was applied 2 h before
virus inoculation at concentrations of 200 and 400
mg/l. The compound was effective only at the 400
mg/i concentration, delaying the appearance of
systemic symploms (9}. This drug was not tested in
tomato plants,

Carbendazim: Carbendazim, a well known sys-
temic fungicide used in agriculture, indirectly inhibits
viral RNA, synthesis by maintaining the host in a state
unsuitable for viral multiplication (15).

When tobacco plants were irrigated twice with an
aqueous suspension of the compound (24 h and 48 h
before virus inoculation) a bimodal effect against
TSWV was observed: low dosages such as 0.5 g/l
and 1.0 g/ increased the number of local lesions with
the IP zero. High dosages such as 10.0 g/l reduced the
number of local lesions to 57 inhibition percentage.
However, in all concentrations the drug was unable to
control the spread of the systemic infection allowing
the appearance of a high percentage of systemically-
infected plants 20 d after inoculation (10).

Dihydrexyprepyl adenine: (RS)DHPA is a S-
adenosylhomocysteine hydrolase (SAH-hydrolase)
inhibitor with broad spectrum antiviral activity. It acts
against some DNA viruses, most (-) and () RNA
viruses but not (+) RNA viruses, except some plant
viruses: Potex, Poty, Tobamo and Tymoviruses (6,
12, 13). Its effect was null against TSWV in tomato
and very low in tobacco plants (12).

Distamycin A hydrochloride: Distamycin A, a
synthetic antibiotic, inhibits the multiplication of some
animal and human DNA viruses (3, 19). When used
against TSWV in tobacco planis 2 b before virus
inoculation, it inhibited Iocal lesions, inducing almost
50 per cent IP at a 400 mg/l concentration. In this
same concentration the systemic reaction in tobacco
plants decreased 50 per ceat in relation 1o controls

®

Interferon: It was demonstrated that interferons
may protect tobacco plants or protoplasts against

TMV infection (25, 27). Similar results were
obtained by Vicente er al. (32, 33) using human
gamma anrd human amniotic interferons against
different plant viruses.

Human amniotic interferon (Beta-like) when
brushed on tobacco leaves 72 h before TSWV
inoculation, induced inhibition percentages around 50
even at a low concentration, as low as 0.001 U/ml
However there was no protection in relation to the
systemic infection.

Lauricidin: Lauricidin is a monolaurin compound
and 3 monoglyceride of lauric acid, acting as a
detergent. It is the trade mame of a monolaurin,
consisting of approximately 90 per cent i-ester and
10 per cent 2-ester and has been cffective against
lipid-containing bacterial viruses and cnveloped
viruses (21). When sprayed at a concentration of 1
ml/l on tobacco and tomato plants after inoculation, it
showed no inbibitory effect on tomate spotied wilt
virus. A strong phytotoxicity in the form of burning
of the leaf blades could be observed in both tobacco
and tomato plants,

Polyacrylic acid: Polyacrylic acid was consid-
ered a chemical able to induce both interferon in
animals and resistance in plants (18, 22). The drug
was effective in controlling local lesions in tobacco
plants with a time interval of 48 h between treatment
and inoculation. Lower or higher time intervals were
less effective. When the systemic infection was
evaluated, no protection could be observed in any
case. In tomato plants TSWV lesions could not be
counted and the drug was completely ineffective in
controlling systemic reaction, as observed in tobacco
plants (11).

Ribavirin: Ribavirin, synthesized by Witkowski
in 1972, was shown to have a extremely broad
spectrum antiviral activity fn viro against animal
viruses (28). The drug was tested against some plant
viruses showing promising results (20).

In tobacco planis, pre-treatments with 250 mg/
apphied 96 h before vitus inoculation, were considered
the best combination treatment to drastically reduce
the number of systemically infected plants. The drug
was also shown to be highly active when sprayed at
500 mgft even eight days before inoculation (8).
Treatments with 100 mg/l, 250 mgAl or 500 mg/
when applied 30 min after inoculation, were also
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ctfective against TSWV systemic infection (7, 8). In
this case, however, the drug did not inhibit local
reaction but a smaller size of the local lesions in
relation to the conirol was observed (8). In tomato
plants, the most efficient concentration to control
TSWV was 500 mg/!t wher applied 30 min after
inoculation. Tobacco and tomato plants sprayed with
ribavirin at 500 mg/ in the first two days, showed a
chiorosis of the apical bud which was overcome after
three days.

Tiazofurin: Tiazofurin was reported to be active
as an anti-tumor compound and also as an anti-virai
agent (29). In tobacco plants, 100 mg/l applied 30
min after inoculation was efficient in suppressing
TSWV local and systemic infection, and 200 mg/l
was highly phytetoxic to the plant. However, in
tomato plants, this same concentration did not show
any phytotoxicity and also reduced the percentage of
systemically infected plants.

It was verified in tomato plants, that pre-treatments
did not inhibit systemic reaction; and that the drug
was highly efficient in controlling systemic infection,
cspecially when applied once or iwice after
inoculation at 100 mg/l, and when the sccond spray
was applied five days after inoculation. In all cases,
a delay in the appcarance of systemic symptoms was
observed in trcated tomato plants, indicaling a
decrease in virus spread and virus conceniration
within tomato plants (2).

Phytotoxicity;: Among tested compounds some
were highly phytotoxic to the plants in the dosages
applicd, inducing a burning of leaf blades or an
irreversible wilting. To this group belonged aspirin at
1000 mg/ and lauricidin at 1 ml/l. Tiszofurin was
phylotoxic lo tobacco plants only at the 200 mg/
concentration. The phytotoxicity of ribavirin at 500
mg/l consisted of a strong chlorosis of the youngest
leaves (apical buds) in tobacco and tomato plants,
which disappeared in three days. In tobacco a
narrowing of the leaf blades followed the symptoms.

DISCUSSION

Ribavirin and tiazofurin were the most efficient
drugs to control TSWV in tobacco and tomalo plants.
Both are guanosine analogs with simifar structeral
relationships.

Comparing the resulls obtained with these two
compounds, low concentrations of tiazofurin were
more efficient than similar ribavirin dosages in
suppressing TSWV systemic infection in tomato
plants (2). On the other hand ribavirin was already
tested against at least 10 different plant viruses being
effective not only in experimental tests but also in
obtaining virus-free plants from infected stocks (20).
Thus, the effect of tiazofurin, although mnot yet
explored agrinst other plant viruses, must be
emphasized for its strong inhibitory activity, even
when applicd after inoculation (2).

According to Hansen (20) a broad spectrum
antiviral chemical, produced at reasonable costs and
ecologically neutral, will facilitate practical usage of
antiviral chemicals in agriculture and horticulture.

LITERATURE CITED

1 BRIGDEN, D; FDDIAN, P; ROSLING, AE;
RAVENCRAFT, T. 1981. Acyclovir: A review of
the preclinical and carly chemical data of a mew
antiherpes drug. Antiviral Research 1:203-212

2 CANER, };, ALEXANDRE, MA.V; VICENTE, M.
1984. Effect of tiazofurin on tomato plants infected
with tomato spotted wilt virus. Antiviral Research
4:325-331

3. CASAZZA, AM; FIORETTI, A; GHIONE, M;
SOLDATI, M; VERINI, M.A. 1966, Distamycin A:
A new antiviral antibiotic. Antimicrobial Agents and
Chemotherapy. p. 593-598.

4 CHAGAS, CM.; VICENTE, M. 1977. Tomato spolied
wilt virus: Discases caused by viruses and virpides.
In Discases, Pests and Weeds in Tropical Crops. I
Kranz, H. Schmutterer, W. Kock (Eds ) Paul Parcy
p. 35-37

5. COSTA,CL;COSTA, AS; NAGAIL H. 1977 Controle
de “vira-cabega®™ do tomateiro pela destruigio do
vetor. HE  Efeito de inscticida sistémico granulado
combinado com pulverizacdes Fitopatologia
Brasileira 2:23-34.

6. DE CLERCQ, E 1987  S-adenosylhomocysteine

hydrelase inhibitors as broad-spectrum antiviral
agents. Biochemical Pharmacology 36:2567-2575.

Turrialba Vel 41, No. 2, 1991, pp. 244-253



252

TURRIALBA: VOL. 41, NUM. 2, TRIMESTRE ABRIL-JUNIO 1991

T

10,

11

12,

13.

14,

15,

16,

17

18.

DE FAZIO, G; CANER, I; VICENTE, M. 1980 Effect
of Virazole (Ribavirin} on tomato spotied wilt virus
in two systemic hostss  Tomate and tobacco.
Archives of Virology 63:305-309,

DE FAZIO, G; KUDAMATSU, M; VICENTE, M.
1980, Virazole pre-treatments for the prevention of
tomalo spotted wilt virus {TSWV) systemic infection
in tobacoo plants, Nicotiana tabacum L. 'White
Burley'  Fitopatolopia Brasileira 5:343-349,

DE FAZIO, G; KUDAMATSYU, M. 1983 Inhibitory
effect of Distamicin -A and a pyrazino-pyrazine
derivative on tomato spolted wilt virus.  Antiviral
Research 3:109-113.

DE FAZIO, G; KUDAMATSU, M. 1984 Agio do
Carbendazim sobre plantas de fumo infectadas com o
virus do vira-cabega do tomateire (TSWV). O
Bioldgico 50:51-54.

DE FAZIO, G; KUDAMATSU, M.; VICENTE, M.
1987, Efeito antiviral do dcido aceti] saliciflico ¢ do
dcido poliacrilico sobre o virus do vira-cabega do
tomateiro ("Brazilian iomato spotted wilt virus"
TSWV) em plantas de fumo. Fitopatologia Brasileira
12:53-57,

DE FAZIO, G; VICENTE, M.; DE CLERCQ, E. 1987
Antiviral effects of dihydroxypropyladenine [(RS) -
DHPA} and bromavinyldeoxyuridine (BVDU) on
plaat viruses. Antiviral Research 8:163-169

DE FAZIO, G; ALBA, APC,; VICENTE, M; DE
CLERCQ, E. 1990  Antiviral activity of S-
adenosylhomocysteine hydrolase inhibitors against
plant viruses. Antiviral Research 13:219-225.

FRANCKI, R1B; HATTA, T. 1981 Tomato spotted
wilt virus in plant virus infections: Comparative
diagnosis. E. Kurstak (Ed.) Elsevier. p. 492-512

FRASER,R.S.S,; WHENHAM, R.J. 1978, Chemotherapy
of plant virus discase with methyl beazimidazol - 2yl
- carbamate: Effects on plant prowth and multipli-
catior of tobacco mosaic virus. Physiclogical Plant
Pathology 13:51-64.

FURMAN, P.A; MIRANDA, P; ST. CLAIR, MH;
ELION, G.B. 1981 Motabolism of Acyclovir in
virus-infected and uninfected oells.  Antimicrobial
Agenls and Chemotherapy 20:518-524

GALASSO, GJ 1981 An assessment of antiviral drugs
for the management of infections diseases in humans
Antiviral Research 1:73-96 ‘

GIANINAZZI, S ; DUMAS, E; ANTONIW, 1. F; WHITE,
RF. 1985 Plant interferon: A wish or 4 reality? In
Recent Topics in Experimeatal and Conceptual Plant
Pathology. Singh RS (Ed ). Ouxford.

19,

20

21

22,

27

29,

30.

3L

. KASSANIS, B. 1981

HAHN, FE. 1980 Nucleic acid complexing compounds.
Antibioties Chemotherapy 27:70-92

HANSEN, AJ 1989 Anstiviral chemicals for plant
disease control. In CRC Critical Reviews in Plant
Scicaces CRC Press. v, 8, Issue 1, p. 45-88.

HIERHOLZER, 1C; KABARA, 11 1582, In vitro
effects of monolaurin compounds on enveloped RNA
and DNA viruses. Journal of Food Safety 4:1-12.

KASSANIS, B; WHITE, RF. 1975, Polyacrylic acid-
induced resistance 1o tobaceo mosaic virus in tobacco
cv. Xanthi Annals of Applied Biology 79:215-220.

Some speculations on the nature
of natural defence mechanism of plants against virus

infection. Phytopathologische Zeitschrift 102:277-
291,

MATTHEWS, REF 1982 Classification  and
nomenclature of viruses. Intervirology 17:123.

ORCHANSKY, P; RUBINSTEIN, M ; SELA, I 1982,
Human interferons protect plants from virus infection.
Proceedings of the National Academy of Sciences of
the United States of America 79:2278-2280,

PENNAZIO, S; MARTELLI, G.P. 1983. La chemiotera-
pia delle virosi delle piante. La difesa delle piante
5:291-320

ROSENBERG, N; REICHMAN, M ; GERA, A ; SELA,
I 1985 Antiviral activity of natural and
recombinant human leucokyie interferon in tobacco
protoplasts  Virology 140:173-178.

SMITH, R.A; KIRKPATRICK, W. 1980. Ribavirin: A
broad spectrum aativiral agent. Academic Press.
237 p.

SRIVASTAVA, P.C; PICKERING, MV ; ALLEN,L.B;
STREETER, D. G; CAMPBELL, MT;
WITKOWSKIL, 1L, SIDWELL, R V,; ROBINS, R K.
1977, Synthesis and antiviral activity of ceriain
thiazole C-nuclcosides Journal of Medical Chemistry
20:256-262.

VERINI, MA,; FIORETTI, A; CASAZZIA, AM,;
SANFILIPPO, G.; PALAMIDESSL, G ; GHIONE; M
1975, Antiviral activity of a pyrazino pyrazige
derivative. Chemotherapy 21:221-230

VERKLELl, FN; DE VRIES, P; PETERS, D. 1982,
Evidence that Tomato Spotted Wilt Virus RNA is a
positive strand  Journal of General Virology 58:329-
338



DE FAZIO, VICENTE: ANTIPHYTOVIRAL DRUGS AGAINST TSWV 253

32 VICENTE, M., DE FAZIO, G; MENEZES, ME;
GOLGHER, R R. 1987. Inhibition of plant viruses by
human gamma interferon. Journal of Phytopathology
119:25-31

33, VICENTE, M; DE FAZIO, G.; GOLGHER, RR. 1988.
Inhibitory effect of human amniotic interferon in four

plant virus sysiems. Sio Paulo. Rev. Microbiol
15:184-189.

34, WHITE, RF; ANTONIV, JF; CARR, 1P; WGODS,
RD. 1983 The effects of aspirin and polyacrylic
acid on the multiplication and spread of TMV in
different cultivars of tobaceo with and without the N-
gene. Phytopathologische Zeitschrift 107:224-232.

RESENA DE LIBROS
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Rates of soil chemical processes. Madisen,
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Seciety of America. 302 p.

La investigacion recicnte ha mostrade que las
tasas con que ocurren las reacciones en suelos scn de
gran importancia. Algunos trabajos relacionados con
este tema se presentaron en un simposio de la reunién
anual de la Soil Science Society of America, y muchas
de estas contribuciones, en forma mis elaborada,
constituyen capitulos de este volumen. EI material
presentado y los métodos propucstos representan Jos
conceplos mis recientes y adelantados para analizar
procesos quimicos en suclos. El texto se prepard para
especialistas v estudiantes graduados avanzados en
guimica de suclos y campos afines como la geoqui-
mica, guimica de sedimentos y quimica del medio
ambieate, por lo que para su aprovechamiento se
requieren solidos conocimientos de quimica.

Este texto permitird, si se poscen conocimientos
sobre la cinética de las reacciones paralelas, com-

preader mejor lo que ocurre con las diferentes subs-
tancias en el suelo. Seis de los once capitulos del
libro se dedican al estudio de la cinética de procesos
quimicos ¢n suclos o de casos particulares, tales como
la cinética de las reacciones redox de los éxidos de
manganeso en suclos, Ia de la absorcitn de substan-
cias organicas en suelos y 1a de la absorcién de iones
sobre substancias luinicas.

Debido a que la adquisicién de informacién
npueva requicre téenicas novedosas y una interpre-
tacién adecuada, se incluye un capitulo sobre cémo
obtener y analizar datos en cinética de suclos y cémo
preparar modelos con esta informacién.

Como cs costumbre cn libros de este nivel, todos
los capitulos tienen una amplia bibliografia, especial-
mente sobre procesos ambientales cuidadosamente
estudiados crn Europa.
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