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‘The in vitro virucidal activity of Kethoxal against a number of

~

DNA and RNA viruses hag been reported. In the present study, Kethoxal .

was shown to possess two modes of antiviral action against the ‘RNA virus,

I- . ’ ’ “w i
vesicular stomatitis (VS) virus, including inhibition of intraceliular
| ; . » - N )
« ‘ 'virus' mltiplication and direct virucidal action on extracellular virus.

— .

B

When VS virus.was pretreated with proteolytic enzymés, nanely fungal and

bacterial oroteases,ol- and ¥- chym'trypsins and trypsin, the antiviral

1

activity of the drug was considerably reduced. The infectivity of .

Kethoxal-treated VS ﬁﬁs could not be regenerated by irypsin treatment,
-
X

’

Exnosure to B - chymotrypsin, RMase, low levels of phosplwlipase'(};or
p ' . yi
(2o“ai/xaéoa.xcl, did not alter VS virus

d . N .
) sensitivity to Kethoxal. The results provide suggestivé evidence" that

" the chamicé/l apents, Tween

. Kethoxal binding sites are available on the envelope or substructure
: ' i

of VS virions.

A
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INT RPDUCT ION

~

During the last two decades the search for suitable antiviral

agents has been of orimary importarice in the chemotherapesutic industry.

‘Even thgugh most -antiviral agents have demonstrated outstanding in vitro

~ .
.

activity against human viruses, ohly a few agents have so far proved
effective in vivo (Hornick et al., 1970; Tomlinson & MacCallum, 1970;

Turner et al., 1062). Moreover, antiviral chemotherapeutic agents

M ad V20N
effective _iix_ vivo must possess selective toxicity before they merit

clinical trials in man (Fenner & White, 1970). Fron these points of -

view at least six antiviral agents have been m@d to be clinically

-

S

-useful in the orophylaxis and t’matmeﬁ;b of virus infections‘:' » N - wethyl -
isatir‘; B- thiosegzicarbazéne (Marboran); S ~ iodo - 2! - deoxyuridin-e
(Inv); 9 -8 -~ D - arabinofuranosyl adenine (ara - A); 1 - adamantanamine
hfd‘rc_:chloride (amantadine); and 2 - keto - 3 - ef.hoxy butyraldehyde

hydrate (Kethoxal). .

»

McLimans and coworkers (1957) found Kethoxal and closely related

[N
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- compourds with a‘terminal <~ ketoaldehyde or “e({- hydroxyaldehyde

o . ¢
grouping are active apainst influenza A (strain PR - 8) and. Newcastle

A .
-

. disease (strain NJ - KD) viruses in embryonated eggs. Their data showsg

that Kethoxal is active when given 2l hours prior to incculation or

~

6 hours after inoculatinn with virus. This observation suggests a

direct virucidal action of the drug on extracellular virus. 7 Underwood
(1956) found Eethoxal activity to be questionable when tested against

RMA viruses in chickens, ferrets am} mice. In this investigation, low

. level antiviral activity or inconsistent: results were obtained with the
. :

drug. Later, Underwond et al. (1959) concluded that the lack of in vive

o

activity of Kethoxal could be attributed to its inactivation by rapid -

v

binding to mstabnlites in the complex animal syst;e_m.;' However, Kethoxal
- is highiy act;ive- when abnlieﬁv-‘.bo;ﬁCally to ’cutaneous herpes simplex
lesions in both baby rabbits and hairless miceA (Underuqod, 1968). In
clinical gtu’dieé (Uﬁdemod and‘Nichol, 1971) Kethoxal actiﬁty was
V‘found tc; be cor‘xsi.clembiy less effécj:iva against ;utaneous herpgs lesions

in human volunteers than in"laboratory animals. . Kethoxal has been

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



shown to nossess varying carcinostatic activity in vivo, For example,
; —_— .
. i

o

- French and Freedlander 11958) demonstrated that the.drug increases lthe
\ . :
~ ' : ‘

N . ‘ ) N ) N
/ life span of mice with Leukemia L 1210 {axnd Furst et al.- (1957) reported
8 . . - . '
-the driz t» be hirhly active arainst Ehrlich Hauschka ESrascites tumor.
In a survey of the in vitro virucigal activity of Kethoxal,

- . Dnderwond and Weed (1961) reported complete inactivation of mmps,

influenza A and B, measles, Newcastle disease, Western equine . - [

‘A

encep?/xal:f.tis, vaccinia, B - virus, adeno and mouse hepé.ti.{tis viruses,

<

However, the virulent MEF - 1 strain and the attemuated strain of type

% - T » ,/'J .
2 voliovirus were refractory to the antiviral. I also was found that .

» Kethoxal has no virncidal effect on the three typés of poliovirus and

]
i
~y

Coxsackie A - 21 which are RNA containing viruses (Renis, 1970)., Yet

-

under single-cycle conditic;ns, the mltiplication of Coxsackie A - 21

was inhibited when the.drug was ircorporated in the yirus growth medium,

14

Farther investigation showed that aftebr mmﬂ of the virus capsid.

) . -
~

) o s
of Coxsyckie A - 21, the infectious viral RNA was susceptible to the.

virucidal effect of Kethoxal. Similarly, when infectious RNA is

a4 -,
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- -1solated from tobacco mosaic virus it can be readily inactiva‘g;ed' upon
e K . B . . . PR

exposure to Kethoxal (Staehelin, '1959).

- Bacause Kethdxal is one of the few antiviral agents 'f.hat' :has. been

+ N
= o

. ‘f . CEE N . -
found accentdble for clinical trials~in man and because of its potent
virncidal effect on, vesicular stomatitis (VS) virus (Renis, 1970), it ~

. M . . ;

i . ‘ -
¢ . ~

! seemed desirable to use VS virus a§ an experimental model to examine’.

'addi‘big.on'al in Li_t_rg ac‘bif’ities of this dmg.-,:V'S virus;a' member oi‘:the
N gmu{, of bullét. -..’shapéc‘l .viruses, is a la.rge RNA - co;taini;g virug
) meaéuring 175 x 65 . It possesses a_ rigi<i‘ helical internal franﬁuor{;g
) - which is‘c;)ngidered to be the mcieop;bbejiﬁ component, although its

exact canomation is uvnresolved (Cart(wright'g;; &1_.'.,'.1‘969).' An

¥

interesting 'feature of this virus is the presence of“‘Spike - like

-~

~

~ surface proje;ctiﬁns (dowatson & Whitmore, 1962), It was thought that

-

ux;dification of the virinn surface through the use of enzymes and
- 8]

chemical agents would provide additional information. concerning the

antiviral sctivity of Kethoxal,
Pf :

AS

g- . m o < .~ - \
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MATERIALS AND METHODS -~

~ . . -

© Cells and Media “

-

The bovine kidney cell line designated MDBK and the L cell line

v

{NCTC clone 929) of marine origin were obtairied from the American Type

Culture Collection Cell Repository, Rockville, Maryland. These cells
- & - . - .
Qwe:re gmw_n. as monolayers in medium ELAY - 10 FCS asipreviéusly described” -
) . ‘ :
(Sabina & Parker, -1963) and maintained in medima ELAY - 5 FCS. For the
P R . . : a K
:exper;tments désigned to Jsﬂt,ud‘y' VS‘_virus growth in the presence of
Kethoxal, Eagle's synthetic minimal essential mediun (MEM) (Eagle, 1959)

kY

“ - R . . > - - .
ewas used with or 'k‘ithout the addition\of Kethoxal. ‘ Lo
. ol N . ’ .
Virus . T 5w .y

§

i

The Indiana s;erotyne .of vesicilar stomatitis (VS) virus, provided

o by Dr. N. A. Labzoffsky, Ontario Department ‘of Health, Toronto, Ontario,
wzg's used in this study. The virus was plaque purified ¢wice in L cells.

- -

Virus stock was prepared by inoculating L cell monolayers with plaque

~ 3 ’ s . v )::-
. - o . A . - ) ~..\ . |
, purified virus at a mltiplicity of 0.2 plaque forming units (PFY) par;;"-‘).‘{
~ . L . N ,1‘-/"‘" l"]
Ui
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cell. After adsorption at 37°C for LS minutes, medium ELAY - 10 FCS

was added and the cultures were reincubated. At 36 hours postinfection,

' - . l ,
pools of virus were obtained by subjecting the infectious cultures to

3 cycles of freezing and thawing and then the sediments were separate
Q A

by centrifugation far 10 minutes at 1100 x g (Sorvall RC ~ 2B; Rotor

s

no. SS - 34). The supernatant fluids were pooled and stored at - 80°C.

-
»

6

These ‘stocks had infectivity *titers ranging from 5.8 x 10° to 7.8 x 107

v prg/m. - o ' §

Virus Assay T

-

1 -
T N

V5 virus was assayed by plague formation in monolayers of either

. . ) b \l
MDEK cells or L cells gToWn in 60-ma plastic tissus culture dishes

I 3 . .
(Falcon Plastics, Los Angeles, California). Dilutions of the samples
. . ¢ - || ' . .
were made in medium MBM supolemsnted with 10 fetal calf serum. One half
’ ml aliquots of avpropriate dilutions were allowed to adsorb at 37°C for
hS minntes. The cultures were then overlaid with 5 ml of agar medium
A

&

- 1} X , . . ‘- . ‘ :'a\
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>

4

(Sabina & Munro, 1969), and the plates were incubated at 37°C in a
water saturated atmosvhere of 5% 002 in aiir. The plaques were

counted after avoroximately 2l hours,

' Enzymas, Chemicals and Antiserum
The following were obtained from Sigma Chemical Company, St. louis,
i ) .

Missouri: tryosin (2x crystallized), phospholipase C ( from Cl. welchil),

ribonuclease A (5x crystallized), protease (from Streptomyces grisgeus),

—

§ - chymotrypsin (2x crystallized), £ - chymotrypsin (1x crystallized),
- ‘l ' .

<A -~ chymotrypsin (3x crystallized) and Tween 20 (polwmmylem

.
sorbitar; monolaurate), Pronase (B grade) was purchased from California
Coro. for Biochemical Research, Los Angeles,” California; Rhoazyme 5-6/ -
from Rohm and Hdas co;., Philadelphia, Pennsylvania; hydroxylamine
hydrochloride from Fisher Scieni‘,ific Couxpany,r Fair Lawn, New Jersey;

soybean trypsin inhibitor and density gradient grade sucrose from Mann

Research Laboratories, New York, New York; and Genstron-113 from Allied

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4

Chemical Co., Amherstburg, ;)ntax"io. ‘Aspergillin-o was made available
'by Dr. A. L. Tosoni, Connaught Medical Research Laboratories, Toronto,
Ontéric;. Kéthoxal (2 - keto -~3 - ethoxy butyraldehyde hydrate.)'was
kindly orovided by ﬂr. L. E.‘ Hhuland, The Upjohn Company, Kalamazoo,
Michigan, Calf antiserum again;t the Indiana serotype of VS va:_rus was

sunolied by Dr. N. G. Willis, Animal Diseases Research Institute, Hui,

Quebac. ' N .

Purification of Virus

In a typical experiment, virus was purified in essentially three

-

steps. First, the virus was pelleted from previously clarified

infectious tissue culture fluid by. centrifugation for 2 hours at

~

70,000 x g (Beckman Model L2-65B; Rotor no. SW 41 Ti). The'pellets

were resuspended in a small volume of Dulbecco's phosphate - buffered

~ saline (PBS) minus magnesium and calcium salts, pH 7.4 (Merchant et al.,

106),and suspensions were combined. To further purify the virus
3
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. . ‘ ) . o

suspension, it was subjected to one or two treatments with fluorocarbon.

(-3

Such treatment ‘consisted of shaking equal volumes of virus suspension
and Genetron 1\13 for avproximately. 1 mimute, centrifuging for 5 minutes
at 300 x g (Sor'vall RC - 2B; Rotor no. SS - 3L} and removing the

aqueou; vhase. This phase was carefully iayered onto a preforme

discontinuous type of sucrose gradient ( see appendix B) for the final

T

purification step. The gradient tubes were tben cel.ltrifuged fi‘or 1 hour
at 85,000 x g (Beckman model L2-65B; Rotor gn. SW 41 Ti). Infectivity
w;s associa;ted with the stxfongly ooalesfcent band, which-appearéd about ‘
the middle of the tube. The opalescent band was removed by means of.“

a syringe fitted with a 16 gauge hypodermic needle, The purified virus

preparations had protein levels of about 25 ug/ml when assayed by the

A <=

" method of Lowry et al., 1951).

Experimental Designs

(a) VS virus growth studies oS

5

For those experiments designed to study V‘Svirus growth in the

Y.
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_ : ' Y, )
‘ = ‘ 10

présence nf Kethoxal, 2-day old confluent cultures of either MDBK cells °
or L cells in 1 ox Brockwhy bottles were infected with VS virus at a

.« multiplicity of 0.8. After adsorption for LS mimutes at 37°C, the cell

layers were washed with Hank's balanced salt solution (KﬁSS) {Merchant
; - - - : v

et al., 196L) to remove residual virus. The VS infected cultures were
overlaid with MEM (control cultures) or MEM comtaining various

concentrations »f the antiviral and reincubated at 37°C. The experiments

t

.Wwere terminated at 2L hours postinfection and stored at -60°C until

3

assayed for infectivity.

(6) In vitro virmcidal studies

y

For the study of the in vitro virucidal activity of Kethoxal,
VS virus was initially vurified as described in Materials and Methods,

and t?hen was exposed to chemical or enzymic treatment. Appropriate

aliquots of purified virus and test compounds were mixed and incubated

for 15 minutes at 37°C., All enzymes were solubilized in 0.05 M tris

L

foduced with permission. of the copyright owner. Further reproduction prohibited without permission.
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11

(hydroxyme thyl) aminomethane (Tris) buffer, pH 8.0, ;mept trypsin ard

3

vhosovholinase preparations contained 10 "M CaCl

2+ The chemical
compounds, NH,OH,HC1 and v'i\reep 20, were dissolved in PBS, pH 7.4 and

i Tris buffer, pI‘{ 8.0, respectively. To remove t.h;a residual ta‘s,t
com.oourx_isi from the treated mixturés, the sa.zq:l'e'xs ware cc;utrifuged on ;a
discontinuous sucrose gradient or extracte‘d nth fluorocarbon. GControl
prevarations weré treated :Ln a.sim.jla.r fashion aﬁbstimting buffer
instead of the test compound. .Equal. volumes of treated and non-t.'rea;bed
v-i-me_, w-em .th'e\n mimd with solutions of varying Kethoxal concentration,
ar?& incubated for 30 minutes at room temperature., Samples of the ;i.:tures
were assayed fog’<inrectivi;.y. By_ using. t.he‘ infectivity valueg for

)

enzyme-treated virus + Kethoxalt (A), enzyme-treated virus (B), and

untreated virus (C) the oer-cent infectivity reduction can be

2 XN

calculated as follows:

‘A -B
c

x 100 = £ infectivity reduction

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Determination of Serm Neutralizing Activity

Serum neutralization tests were pérformed by'dil'ution of the virus

under test with 0.05 M Tris buffer, pH 8.0, to coptain about

£ ‘
1200 PFU/ml, One ml of this virus was added td 1 ml of twofold serial

N
r

dilutions of specific ¥S calf antiserum (previously inactivated for

30 minmutes at 56°C) in Tris buffer. After incubation of the virus -
' t

. . u
antiserum mixtures for 1 hour at 37°C, ‘they were chilled in ice until
inocula:céd onto c£ell cultures for\plaqua assay‘{ Three plates were used

for -éaqh dilution of antiserum. Untreated control virus under the same
. .

conditions was assayed in parallel with the enzymatically - treated

viral suspensions. The dilution of antiserum giving a 50% reduction

.
-

in the Wnumber.of- vlaques was taken as the end point.
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N\ . ~

t . EXPERIMENTAL, RESULTS

-

Effect of Kethoxal on VS Virus Infectivity in Differeqt Cell Lipes ‘
To evaluate the antiviral activity of kethoxal_againét Vs virus,
replicate infected cultures of MDBK cells and L ceil; were overlaid
with MEM containing varying concentrations of Ketiloial. After
_incubation for 2k hours at 37°C, 1nrec1;ious titers were dstermined.

* As shown in Table 1, the viral -yields from MDBK and L cells
decreased as the concentratinn of Kethoxal was ingreased. Both cell
lines overlaid with medium supnlemented with a level of 50 q%/ml of
Kethoxal produced viral yields of about 1% that obtained in contn;l
infected cultur;aa. However, -it appears that VS virus mul.tipl.icati?:zu
was more sensitive to Kethoxai in L cells than MDBK c-eils since the

latter yielded about 66¥more infectious virus in the pressnce of S ug/mi

of the drug.

13

-
2
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. 15
Effect of Kethoxal on VS Virus Infectivity in Different Growth Media g

To determine whyther different growth media influence the antiviral
activity of Kethoxal agéingt'ys ?irus, MDEK cultures were overlaid with
sglutio HBSS for 6 hours ‘prior to virus inoculation to somewhat deplete
residual intracellular:wltabolites. After virus ads;:rption, cultures

‘1_ were washed and divided into two sets. Du_olicate cultures of one sef
were fuvacubated with different levels pf Kethoxal in medium MEM, The- -
other set of cultures was similarly treated, but with MR lacking
cystine and methionine. Viral yields wex';a determined followiné 24 hou_rs
incubatinn at. 37°¢C.

Table -2 indicates that the omission of cystine and mathionm
from the grow’%h mediun effectively reduced the final ¥ield of infectious
virus about 80%.. But when Kethoxal was incorporated in medium MEM
lacking cystine and methionine, the irhibitory capé:city of the d;ué at

< various concentrat_ion levels appmached that observed in tne presence

of medium MEM.
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Table 2. The effect of varying concentrations of Kethoxal on infectious’’

yields of vesicular stomatitis virus in different growth media® 3

>
Y

(complete) (mdms cystine & methicnine) ’
1) ‘Q ) : .
Concentration .
of Kethoxal Infectivity % Infectivity  Infectivity % Infectivity
(ug/m1) (PFU/ml) reduction (PFU/ml) reduction
Q o,t x 106 - 1.9 x 106 -
Qé 6 i ‘ 5
. 2.h x 10 73.h 2.3 x 10 87.9
s . | ; . v
&6 - 1 x10 98.8 . 7.3 x 103 99.6
, 3 2
75 8.6 x 10 99.9 1.2 x 10 - 99.9
2 . 1 -
100 2,7 x 10 99.9 2.6 x 10 99.9

*Six-hour starved cultures of rmg cells were incubated with VS virus
for,.hs minutes, washed and overlaid with medium MEM or MEM lacking
cystine and methionine. Both forsmlations of growth medium contained .
varying concentrations of Kethoxal. After incnbat.ion for 2h hours at

,37°c infoctious viral yields .vpre detarmined. B
, g . :
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Preparation of Purified Vesicular Stomatitis Virus

pa
£

“To exclude possible cellular contamination of virions for studies

concerning surface structures, it was neces:iary to develop a procedure

. \ -
for the concentration and purification of Vs virus. The pn@dure used

is described in detail in Materials and Methods.

The results of this experimental procedure are shown in Table 3.
X

Based on nm‘beix)f content, high speed centrifugation resulted in a

.20 to 22-fold putificatinn, while each fluorocarbon tneatmeni increased

the purification rate 9-fold. The viral preparation was purified an

additional 600 to 800 times by passage through a discontinuous sucrose
gradie.nt.

4

l ©

Comparison of the protein content of VS virus ‘before and after

purification with the corres;;onding' biologlical activity indicated that

the virus infectivity/protein Ql'a*u:a was improved

about U3 times over

L © “that of the initial infections tissg;.cnlture flui;:\§\

\ | A1 fortrer studies were carried out using virus Préf)&red_ in the o
‘1_ . . above mamxl;r,\v. Q A '

\ .

l

.
.
"
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Virucidal Activity of Kethoxal ‘against VS Virus

J

¢

what extent purified VS virus is sensitive

A In order to de&erm_ipe td(

to in vitro Kethoxal treatment, purii‘ied virus preparations were mixed

with varying concentrations of the drug, as described.in-Materials and

. . - . : . .
" Methods, and assayed for infectious virus. ‘ -~ o ot

3
-

- " as.illustrated in Figure 1, the virus preparation became

‘ A progressively mare susceptible to inactivation as the level of Kethroxal

. e,  was increased. In addition, the dzta indicated that during the

-
Y
L

30 mimte ‘test. period virus infectivity drooved by 53% following
’ ’ . Q n' ' . | ‘ i ’ .. | : v ‘
exprsure to only § ug/ml of the drug, while. 99% reduction is achieved

at a level of 75 ug/ml. . : - | T ' 5.
N . : i a : .

' .-
P

_ Virucidal Activity of Kethoxal against VS Virus following Chemical - ,
™~ RN g ° .

.

. Pretreatment - . : <

-

Since.the preceding experiment indicated that Kethoxal had a direct
2 ' -9

AN |

L[99

vimcidél- action on VS virus, it was of interest to examine whether '

the reactivity of the viral surface to Kethoxa) could be affected by

~

"

)
4 <
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-

I ) . )
Tig. 1. V&m'cidal activity of Kethoxal against VS virus. Samples

of VS virus were mixed with varying concentrations of Kethoxal as

¢ »

described in Materials and Methods, and assayed for infectious virus.

[y
» . L3 L4

. . N
- -3
" .
-

. . i
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)
i

by omtreétzﬁenp with other chemical agents.

Equal v~lumes of purified virus and either 1% Tween 20 or 0.00LM
'NH,0H.HCL were wixed and incubated for 15 mimtes at 37°C. Tne virus- -
chemical mixtures were centrifuged in ;iiscontinuous gra@i:;nts to reband

the virus before exnosure to Kethoxal and then titrated for infecticus

+

virus,
The results are shown in Figure 2, At th¢”concentration levels

tested, oretreatment of virus with Tween 20 or Mi,0H,HCL considerably

- /denmssed viral infectivity when compared with untreated controls.

i
Y { :
When pretreated cultures were exposed to Kethoxal, the degree of

virucidal activity was similar to that observed in Kethoxal-treated

cultures (99%).
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v \
Fig. 2. Virucidal activity of Kethoxal against VS virus following

*

chemical treatment. Virus vaaparations were treated with either

0.5% Tween 20 or 0.002 M NH,GH.HCL, centrifuged on discontimwous sucrose
r o
gradients, exnosed to 75 ug/ml of EKethoxal, and titrated for infectious -

*

virus. Solid bars indicate the. infectivity of éontrol preparations in

each case; cross-hatched bars designate the presence of Kethoxal.

: ' .
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Sensitivity of Tryosin-treated VS Virus to Kethoxal

Becausg {reatment \nth select. chemicz;l agents did not affect the
reactivity of VS Vlms. to EKethoxal, it was decided to attempt an
emzymatic alteration of the surface structure of VS virus and in this
way possibly mrdify the ﬁmcidalaction of the drug.

To evaluate the se;;sitivity of trypsin-treated VS virus to Ket.noxéu,
virus preparations were initially tm'at?a with trypsin at levels of
0, 16, 50 ‘and 100 ug/ml as described in Materials and Nathods. ALl *
samples were then éxposed to 75 ug/al of Esthoxal and titrated for .
infectisus virus.

. From Ta‘ble L it is clear tt;at the infectivity of non-enzyme
treated samples expnsed to Kethoxal was reduced by 95%. Fowever, virus
pretreated witﬁ 50 nr 100 ug/ml ;)f trypsin appeared to be less
sensitive to Kethoxal since the extent of infectivity reduction was

1

only about S0%,
‘ -~ ,
In view of these results, a cozparison was made of V3 virus

infeétivities obtained at different concentrations of trypsin and
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Table L. Sensitivity of V3 virus to Kethoxal following trypsin treatment

-

/<

Infectivity (PFU/ol)

Concentration
of anzyme a £ Infectivity

(ng/ml) Fon-treated  Eethoxal-treated  reduction

|

|

l
0 6.5 x 106 3.0'x 10° 95.0
10 - 6.7 x 106 1 x 105 97.9-

6 ,

50 3.8 x 10 3.7 x 105 52,8
100 3.6 x 106 3.3 x 105. 51.3

a

5
-

Kathoxal was used at a final concentration of 75 ug/ml.

1
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Kethoxal. Virus prenarations were pretreated with trypsin as before,

»

’ then exposed to Kethoxal at concentrations of 75, 37.5 , 12.5 and 2.5

ug/ml and assayed for infectivity.

Fig. 3 indicates that, at each level tested, the virucidal activity

-

of Kethoxal against trypsin-treated VS virus was reduced. - Moreover,

~

it apnears that t!‘ea.t!’ant‘ of virus with trypsin levels higher than
50 ug/ml wa.srineffective in further modifying t.he‘ virucidal ac-tivity
of the drug.
Since it was demonstrated that pZetreatment of V3 virns with trypsin
.restricted the virucidal activity of Kethoxal, it suggested that sove

modification of the viral envelope or other exposed surfaces had occurred.

~
\

To answer this question, it was believed that the use of serum

“

mutral:l}zatinn tests might reveal surface structural changes. Virus

preparationas were initially ‘treated with 50 ug/ml of trypsin by mixing ,

equal volumes of virus and enzywe soiult.ion. Control samples were mixed
o i '
with buffer only, After.incubation for 15 minutes at 37°C, samp

7

v
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Fig. 3. Comparison of VS virus infectivities obtained atl,different
. LY

concentrations of trypsin and Kethoxal. Virus preparations, initially

4

exposed to 0, 10, S0 and 100 ug/ml of trypsin, were treated with Kethoxal
at levels of 2.5, 12.5, 37.5 and 75 ug/ml and assaye;i for infectious
virus. The points in the curves represent the ¥ infectivity reduction

at the enzyme level indicated following treatment with Kethoxal at “

]jevels of (X)) 2.5, (a) 12‘.5, (m) 37.5 éxxi'( o) ';5 ug/ml .

>3

< .
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5

were mixed with specific VS virus calf antiserum a& described in Materials

and Methods and the 50% end point was determined-in each case. Thus,

' -

any change in the neutralizability of trypsin-treated and control

samples could be related to differences in the surface structure of the

Y

- virus particles. : E .

1]

The results (Figure L) show that the neutralizability of the virus

particles after enzyme treatmsnt differed from untreated controls. To

. N . o
achieve a S0% reduction of nlaques, neutralization of untreated particles -

occurred at a 1:5000 dilution of antiserum, whereas trypsin-treated

particles only required an antiserum dilution of 1:7000. Repeated

exweriments confirmed the above results and indirectly implied some
’ \

3

surface éhanzes in VS varticles.

[
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<

Fig. . Serum neutralization tests. Preparations of untreated

<

VS virus and virus pretreated with 50 ug/ml of trypsin were mixed with
7« . 2-fold serial dilutions.of svecific VS virus calf antiserum as described

in Materials and Methods, All samples were assayed for infectivity.

-~

The points in the curves represent the ¥ plague reduction at the

WY

antiserum dilution indicated for ( @ ) non-enayme treated virus and

( O ) trypsin-treated samples. The antiserum titer giving a ‘50%

redaction in. plaque mumbers was determined in each case. '

~

-

B &
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Virucidal- Activity of Kethoxal against VS Virms following Pretreatment

’

1

with Different Proteolytic angrmes_‘ oo
To gain more information on the capability of differemt proteclytic

< . . . .

N

§>

-

enzymes toralter the virucidal activity of kethoml, pronase.was added
0 , "t .

- ’ aat levels of 0, 2, 10 and 50 ug/ml to virus preparatioris, exposed to

) } ) _ 75 ug/ml of Kethoxal and assayed for infectivity. The results "(Table 5)
indicate that pretreatment with SO ug/ml bf pronase substantially. decreased
‘the sensitivity of VS virus to Kethoxal since 67% more infectious virus

7 . y .
s . -

© was fqund with the pretreated preparation. . .
Based on the data cbtained with trypsin and pronase, it was

decidq;j to co;nparé the effect of &~ , B~ and x- chymotrypsins, fungal

L z ’

protease (from Streptomyces griseus), Rhozyme B-6°(from Bacillus sps.),

- d

.and Aspergillin-O (from Aspergillus oi'yzae) at a final concentration
| o - . .\ c . ‘ . - . -
of 50 ug/ml, Table 6 shows that all enzymes tested, except
N - ' . ’

e

- I

f8 - chymotrypsin, markbdly reduced the virucidal action of Kethpxal on '

VS virus. Howevef, pretreatment of virus with «- and ¥- eymotrypsins
6 . " ) } ‘. * > ' 1

,

3 -~

-
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Table 5'.‘;‘ Sensitivity of VS virus to Kethoxal following pronase treatment

»

4

’

= [

Infectivity (PFU/ml)

I

. Concentration . . .
of enzyme : y j
. . Infectivit
(uz/;nl) _ Ron-treated Kethoxal-treated™ mdnf::io? 7
o 6 o .
) 1.8 x 10° 9.1 x 10% 94.9
: . 2 -6 5 0 .
2.8 x 10 1.0 x 107 9L
10 6 ‘h ' |
. _1.2 x 10 2.1 x 10 95.5 -
502 . g . A
5.6 x 10 T.2 x 10 28.2

a - »
EKothoxal was used

)

Reproduced

at a final concentration of 75 ug/ml.

\
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Table 6. Sensitivity of VS virus to Kethoxal following treatment with

proteolytic enzymes.

Infectivity (PFU/ml)

' Enzyme

: S % Infectivity
Pretreatment’ Non-treated Kethoxal-treated re(%uction
= S
! none 3.2 x 106 .1~.7 x 105 Sh.7
o .
6 ’ L
& - chymotrypsin 1.5 x 10 9.0 x 10 hl.1t
- 6 .5 8.5
B - chymotrypsin 2.9 x 10 1.3 x 10 o
¥ - chymotrypsin 1.1 x 106- 6.5 x 10h 'lﬂ .9
fungal protease '
(from Streptomyces _
. griseus) B.6 x ‘IO5 6.5 XATOh - 2h.8
bacterlal protease - ‘
(Bhoayme B-6 5
from Bacillus sps.) 7.h x 10 3.6 x 10° . 23.0
' Aspergillin - 0 :
(from Aspergillus
orysas 7. x 107 3.3 x 1ot

22.0

2 enzymes were used at a-level of 50 ug/ml_.

b Kethoxal was used at a fin

(

)

2 . o

-

( )

\

al concentration of 75 ug/ml .
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was not as effective as bacterial and fungal proteases in reducing the

virucidal activity of the drug.

EBffect of Pretreatment with Phospholipase C or Ribomaclease A on the

N

e Virucidal Activity of Kethoxal against VS Virus

Farther stndies were performed to evaluate the antiviral activity

. ?
of Kethoxal against VS virus pretreated with either phospholipase C or

rib;rmcleaae A (RMNase A).
Virus preparations were mixed with 2, 20 and 200 ug/ml of
- phh?holipase C or with RNase A at lewvels of 10, 100 and 200 ug/ml,
subjected to Kethoxal at a concentration 91‘ 75 ug/ml and assayed for
infectious virus.
As shown in Table 7, orétreatment of VS virus with low levels
(2 and 20 ug/ml) of phospholipase C dscreased Ksthoxal a.ct;ivity to
about the same oxtegxt. However, the virucidal action‘ of 'the drug was

‘greatly reduced when the virus was pretreated with 200 ug/ml of the sams

enzyms. In contrast, the antiviral activity of Kethoxal against virus,

s
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Table 7. Rffect of pretreatment with phospholipase C or ribonuclease A

-on the virucidal activity of Kethoxal against VS virus

L

Inrectiviti (PFU/ml)
) .

Ensyme , £ Infectivity
pretreatment Fon-treated Kethoxal~treated®  reduction
None 9.0 x 100 L. x 108 95.1
Phospholipase C ‘ - :__ ‘ -
2 ug/ml 6.1 x 10° 8.3 x 10° 66.8
20 ug/ml 6.1 x 10 7.7 x 10° 66,9
. .
200 vg/ml 1.2 x 10 1.0x 10 13.2
REass A -
- 6 L
10 nug/mi 1.9 x 10 Lh.S x 10 95.1
100 ug/al 1.0 x 10° 8.6 x 10° 89.0
6
200 ug/ml 1.9 x 10 7.3 x 10h 92,0

? Kethoxal was used at a final concentration of 75 ug/ml.
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following exposure to RNase, was unchanged at each enzyme level tested.

Inability of Trypsin to Restore Infectivity of Kethoxal-Treated VS Virus

A;x attemt vas -made to restore the infectivity of VS virus, initially
treated with EKethoxal, by subsequent trypsin tmatu:ént..

Purified virus was treated with Eethoxal as desg;'ibed in Materials
and Methods, and ppeparations_ver;a centrifuged fo.r 2. hours at 70,000 x g
(Beckman model). L2-65B; Rotor no. SW U1 ‘1‘1); The virus pellets obtained
were msuspénded in 0.05 )f 'l‘ris, pH 8,0, and treated with 50 ug/ml of
trypsin for ‘lISVminutes at 37°C in the presence of 10K CaCl,. To
neutralize residval trypsin, soybean in_hibitor was then added at a final
concentration of 100 ug/ml. Following incubation for an additional
2 mimtes at room temperature, the virus ;;Jreparat'ftons were assayed for
infectivity, .

The results (Table 8) indicate thgt the infectivity of VS virus,
initially tm;ated with Kethoxal, was not restored 5; subsequent trypsin

~

treatment,
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/

Table ‘B, Imability to restore infectivity of Kethoxal-trdeated VS virus.

by tryosin treatment *

Treatment Infectivity (PFU/uml)
Fone - | , 3.2 x 107
Kothoxal (75 ug/ml) 1. x 10%
Kethoxal (75 ug/ml) + trypsin (50 ug/ml) 9.6 x 103
S

¥ A purified VS virus suspension was divided into two fractions, and one
of these was treated with Kethoxal as dcsc.ribed in Materials and Methods.
The preparations were centrifuged at 70,000 x'g for Z‘hours., and the’ |
aporopriate samples_ were tméted with trypsin (50 ng)n‘.l.) for 15.mimutes
at 37°C before the addition of trypsin soybean inhibitor (100 ug/ml)

and then assayed for infectivity.

12

L
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DISCUSSION

The antiviral activity of Kethoxal against vesicular stomatitis
]
virus has been studied using.two in vitro tests: (a) the.growth cycle
- experiment in cell ctﬂtm*e, which evaluates antiviral effects related
to paramsters of virns multiplication and (b) the virucidal test which
measures the degree of direct inactivation (Grunberg & Prince, 1970).

The ~ai:ructum of Kethoxal is shown below: -

0 0 .

| N
C%—?H—C-Cﬂ‘ 520
,, . 362&5 o 0
' ’ I I '
~ The terminal A~ ketoaldshyde grouping, - C - G , is thought to be
the reactive site of the molscule (McLimans et al., 1957). Evidsnce
. presented here shows that when Kethoxal is incorporated in the virus

growth medium, VS viral yields from MDBK and L cells progressively
decrease with increasing amounts of drug. This agrees with the results
of Renis {1570), who reported inhibition of Coxsackie A-21 virus

¥ replication in monolayers of ML cells overlaid with medium containing

36
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Kethoxal. To establish a clearer definition of drug effect r;alating
to environmental influences on cells, it was found. that the omission
of the sulvhur containing amino acids, cystine and niia’chionix{e‘, from the

.Virus growth fluid has -1little effect on the antiviral action of Kethoxal.

-

In experiments reported earlier, the in vitro virucidal activity

-

of Kethoxal arainst a mumber of DNA and RNA viruses (Underwood & Weed,
banm |

1961; Renis, 1970) was demonstrated using 'serum-free tissue culture

:i,nfect:iou's fluids, Since the major intarest was in studying the
sengitivity of VS virus to Kethoxal, a puriricatioﬁ procedure inyulving
high speed centrifugation, fluorocarbon treatdent and ;discontinuona ]
éucrose gradient centrifugafbion was devised to exclude medium

S}mstituents and minimize cellular contamination of ¢irions. This

procedure routinely yielded virions which were purified about 750 times

]

f
and stil1 sensitive to inactivation in vitro by Kethoxal. -
‘ Among the proteolytic ez;zymes, trypsin has been usgd to obtain
\ viral subunits (Simpson & Hauser, 19665 Maemo et.al!, 1970), to enhance

virus infectivity (Spendlove & Schaffer, 1965; Spendlove et al., 1970)
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38
@d er;zy'mic activity (Aubertin & McAnslan, 1972) and to alter viral
surfé.ce morpholdgy‘ (Biddle, 1963;- Kendal et al., 1969). A’Because of these
reports and the findings of Cartwright et al. (1969) and McCombs et al.
(1966}, who have shown that trypsin removes the external spike-liké
vro.jections of VS virus, trypsin was studied more closely with regard

to its effect nn the surface of VS particles. Using serum neutralization

‘ tests, trypsin-treated VS virions required less virus-specific antiserum

than did control samples to achieve a 50% reduction in plaques. This
finding provides indirect evidence that the viral surface is modified.
Farthermore, pretreatment of VS virus with trypsin reduced the

sensitivity of the virions to the virucidal activity of Kethoxal.

.

Since tryosin catalyzes the hydrolysis of bonds involving arginine or

lysire résidnes, a possible Kethoxal reaction site is suggested. In
supvort of this, Underwood (1959) has observed the extremely rapid
reaction of the dmg with arginine as well as, a slower binding to lysins.

Attempts to restore the infectivity of VS virus, initially treated with

’

Kethoxal, by subsequent trypsin treatment were unsuccessful. If the
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virucidal activity of Kethoxal is a result of binding to the surface

, AN
of the viruns particle, the bond formed, is apparently inaccessible or

C

insensitive to tryotic action. 4

In contrast tn t;:-y'psin, the non-specific proteolyticr enzymse,
pronase, will diges‘;t. almost any)vprote'in‘ to free amino acids (Nomoto 4
et al., 1960). Mild pretreatment of VS virus with this enzyme
substantially reduced the virucidal activ:l:'ﬁy of Kethoxal. However,
comparison of the data obtaine;d with trypsin and pronase reveals that
the extent of virucid;;l action of the drug after pretreatment with e;
non~-specific enzfme was only slightly greater than that with tr&psin.

Pretreatment of virus with ol - and ¥- chymotrypsins, Rhozyme B-6

1

_and Aspergillin-0 orior to Kethoxal treatmént gave results similar to

those obtained with trypsin and pronase, Both o~ and g— chymotrypsins

differ, -howevelj, from B~ chymoirypsin in their effectiveness in

-

reducing the virucidal action of the drug. Underwood (1959) has

revorted the binditlg nf Kethoxal to the aromatilc amino aciaq,

Y

tryptophane, which when present in peptide linkagés is a major site of

4
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chymotryvsin action. This suggests another site of Kethoxal action.

/o - . _ :
The fat_:% that sensitivity of VS virions to the action of Kethoxal could

be reduced by p_z'gt{xfeatmsnt with proteolytic enzymes_ has pbovided
suprestive aﬂ@ngq that binding sites are available on the envelops
1 . ' b . ‘
or substructure ’of the virion,
- . 5
_Phospholipase C, which catalyzes the hydrolysis vf—the linkage

. .
between glycerol and phosphate, has been used to study the structure

k

of a mmber of viruses (Mizutani & Mizutani, 196k; Simpson & Hauser,

V4

1966). Pretreatment of VS virus with low levels of phospholipase C

slightly reduced the virncidal activity of Kethoxal. However, a high /

.

phosphnlipase concentration caused a marked decrease in ant&v'%ral

-, N

activity. Cartwripht et al. (1969) have shown that the Spike stxlucture‘

»

of the surface was wnaffected by phospholinase C, but the remainder of

the surface, vresumably phospholipid components located in the regions
. i

-

between the spikes, was digested. Since thé_ sansitivity o}’ VS virus

y

~a

)

to Kethoxal was reduced by phospholipase pretreatment, the Antegrity
7_ 1

of the surface phospholipid component may be a; x~§qu:l_rement for optimum

»

: ‘- /\

Y
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virucidal activity.

w

Since it has been reported that ribomuclease was without effect

A -

on surfaces of intact influenza (Mizutani & Misutani, 1964) and VS
Simpson & Hauser, 1966) particles, p.mtreatmnt of intact VS virions
with RNase sflould disclose no surface stiructure modification nor-a

change in the effectiveness of Kéthoxa}. treatment. Experiments have
' . ) A o
shown that ‘RNase-treated VS virus is equally as sensitive to, drug

~ treatment as control pfaparations.
Previous chemical studies on the exposure of myxoviruses to the
dispersal agent, Tween 20, resulted in a dissociation of the virions

into biologically active Lsub}mit's (Webster and Darlington, 1969).

-~

The vpresent study demonstrates that mild Tween 20 treatment of VS virus

considerably deoressed viral infectivity, but did not affect the

\

relative virucidal activity of ket.homl. Apparently such" treatment

does not alter the surface grounings sensitive to drug activity.

Similar resmlts were achieved with the chemical agent, hydmxyla.mim,

3 . ~
—

N
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which has been shown to inactivate influensza virus 'by attacking the
© pyrimidines f the viral micleic acid (Scholitissek & Rott, 1963)
and certain bacteriovhages by splitting the thiolester. bonds in their -
' protein component {Kozloff et al., 1957).
. - A . . ?’ ‘
.The present study has shown that the antiviral activity of .

Kethoxal against vesicular stomatitis virus can be modified to a

&
h .

1imitad extent by pretreatment of virions with various enzymes
suggesting a vossible drug mechanism. Further chemical studies may
. reveal the exact mode of action by which Kethoxal exerts this virucidal

. effact. ' BRI

f

d T ) ) :

~
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SUMMARY
The antiviral activity of Kethoxal against vesicular stomatitis
“virus has been studied. VS virus g_rou;th'studiaa have shown virus

multinlication in different cells and in different/growth media was

. ) inhibited by the drug. Kethoxal exhibited potent virucidal activit'y'

against highly purified VS virus pmpa;ations. When proteolytic

enzymes including fungal and bacterial pro{:easés, k- and ¥- chymotrypsins

N

-

aﬁd trypsin were used to modii‘y the,vi?al surf:;lce stfucture, VS vims
-sensitivity to ihe antiviral activity of the drugu was .considerably.‘
vz'educed. In contrast, g~ ¢hymotrypsin-treated and ﬁépreatgd virus
preparations were equally susceptible to K‘etht.:.xal treatment. The '
infectivity of Kethoxal-treated VS virus céuld not be mge;xeratéd by v.-’
subsequent trypsin troatment. A slight depression of virucidal a;:tivitj,
was .achievéd when VSririms was Apretreat‘ed with phosphplipa_se C.

Exposure of the virus to RNase prior to drug treatment had no qffeé£ N

on virucidal activity. Although virus infectivity was reduced by

L3 ’

o .
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vretreatment with the chemical agents, Tween 20 and NH,OH . HGl, the

relative a.ntiviral action of Kethoxal was not affected.

-” .

- The results indicate that Kethoxal b’{;ssesses two modes of antiviral

action: (1) inhibition of intracellular virus mltiplication and

-~

(2) direct virucidal action on extracellular virps.

<y
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APPENDIX A

Sterilization of Centrifuge Tubes y &
/

Sterilization of cellulose 5§§rate tubes (no. 331370, spinc;
g Division of Beckman Instruments,' Inc., Palo Alto, California) was
achieved by immersing the tubes for 10 mimites in a 0.2% sterile
salution o‘f benzylkonium chloride follo?e.ci by expoénm of the t;mptie;l

tubes to ultraviolet 1ight for 12 hours.

LS
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- APPENDIX B ' -

Preparation of Discontimwous Gradients

Discontinnous gradient cc;’lqmns were prepared by floating layers
of 1.5, 1.5, 1.5, 3.0 and 3.0 ul of solﬁtion_.s of 50, 200, 300, hOO and
450 mg sucrose/ml in 9/16'x 3 1/2 inch ni;tmcallnlbse éentﬁmée *tubes.
Ribomclease -~ free grade E.ncrose was dissolved in sterile phosphate -

buffered saline, pH 7.h. Before use the layered sucrose solutions were

\_/-—’/’—» o h
allowed to stand overnight at L C, .
R4 .o

A
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