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It was previously reported that exposure of
influenza virus to appropriate concentrations
of mustard resulted in selective inactivation
of certain viral attributes such as infectivity
and toxicity(1). In analyzing the early
stages of destruction of viral toxins by mus-
tard, it was necessary to circumvent the in-
herent toxicity of mustard itself. The use of
sodium thiosulfate in this connection resulted
in a rapid detoxification of mustard by thio-
sulfate(2). This observation along with pre-
vious reports of mustard-thiosulfate interac-
tion(3) suggested a possible influence of thio-
sulfate upon inactivation of virus by mustard.
This paper reports the results of such studies.

Materials and methods. Virus. Influenza
A (PR8) virus was prepared as described(2).
Harvested virus was stored in ampoules in a
dry-ice cabinet. When needed, an ampoule
of virus was placed in a 37°C water bath for
30 minutes. Following this, the viral suspen-
sion was centrifuged 15 minutes at 3500 rpm;
the supernatant fluid was removed, allowed to

attain room temperature and then used as the

source of virus. Mustard. The chloroethyl-
amine derivative used in these investigations
was cyclohexyl [bis(8-chloroethyl)] amine
hydrochloride, kindly supplied by Dr. H. B.
Woodruff of Merck and Co., Inc. The chemi-
cal solution was prepared in triple-distilled
water to yield for the 0.01 M solution of
mustard a final pH of 2.6. Tkiosulfate.

*This work was supported by Cancer Research
Funds of the University of California.

Freshly prepared solutions of sodium thio-
sulfate in distilled water were used.

Exposure-of virus to mustard. This was
carried out as previously described(2) except
that the reaction temperature in these experi-
ments was 25°C. In testing for the effect of
thiosulfate upon these mustard-virus systems,
sufficient 3 M sodium thiosulfate was added
to the samples (before addition of mustard)
to yield a final thiosulfate concentration of
0.075 M. Test of viral toxicity. Serial 2-fold
dilutions of mustard-treated virus were made
in normal allantoic fluid; these were tested
for residual viral toxicity by injecting 1.0 ml
of dilution intravenously into a mouse, 6 mice
being used for each dilution. The animals em-
ployed in the tests were Swiss mice (Webster
strain) 12 to 15 g weight and of random sex.
All animals were observed daily for a period
of 7 days, and deaths occurring 24 hours or
later after intravenous injection were consid-
ered to be of viral origin. Infectivity test.
This was carried out as described pre-
viously (2).

Results. Effect of thiosulfate upon destruc-
tion of viral toxicity and infectivity by mus-
tard. The effect of sodium thiosulfate upon
mustard-virus interaction is shown in Table I..
The results presented in this table are repre-
sentative of a series of similar experiments.

In terms of mustard inactivation of viral
toxicity, it is apparent that there was less
destruction of viral toxin in the presence of
sodium thiosulfate. The greater residual tox-
icity of virus exposed to mustard in the pres-
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TABLE I. Effect of Sodium Thiosulfate in Mus-
tard Inactivation of Virus.

Toxieity  Neg log
(M) (M) of sample* ID,, re-
Sample Thios. Mustard u 1:2 1:4 maining
Virus 075 5.0 X 10 1/6 4.7
” 25 4/6 6.3
" 1.25 7 6/6 4/6 0/6 7.3
" 6.25 X 10~ 6/6 4/6 0/6 7.3
' 0 5.0 X 10* 0/6 <1.0
. v 2.5 » 0/6 4.7
" ” 1.25 7 1/6 0/6 5.7
” 6.25 X 10 5/6 1/5 0/6 7.3
” " 0 6/6 6/6 1/6 8.3
” 075 0 5/5 6/6 1/6 8.5
NAF 0 5.0 X 107 0/6
” 075 " 0/6
NAF = Normal allantoie fluid.
(M) = Final molar concentration.

Blank spaces indicate samples not tested.

* Samples were left 3 hr at room temp. and 18-
20 hr in refrigerator before tests for residual
viral toxicity and infectivity, The 1:2 and 1:4
dilutions ot samples were made in NAF. u rep-
resents undiluted sample,

ence of thiosulfate was most evident when
1.25 x 10* M mustard was used. These
deaths are properly attributable to viral tox-
icity, for normal allantoic fluid treated with
mustard alone or in the presence of thiosulfate
proved innocuous upon intravenous injection
of mice. The “sparing” action of 0.075 M
sodium thiosulfate upon mustard inactivation
of virus extended also to viral infectivity.
Thus, for the 3 highest concentrations of mus-
tard. destruction of viral infectivity, as meas-
ured by the log number of egg-infective doses
remaining, was approximately 1.6 to over 3.7
log units greater in the absence of thiosulfate.

‘Effect of thiosulfate upon rate of destruc-
tion of viral infectivity by mustard. The con-
clusions derived from Table I represent the
end results of mustard action.. An earlier
report(2) had indicated the extreme rapidity
of mustard-virus interaction. To determine
the effect of thiosulfate upon the rate of re-
action between mustard and virus, the ex-
periments shown in Table II were carried out.

It is evident that thiosulfate had little in-
fluence upon the course of events occurring
during the first minute of reaction. Addition
of mustard to virus resulted in an approximate
drop of 3 log units irrespective of the presence

THIOSULFATE AND MUSTARD-VIRUS INTERACTION

or absence of thiosulfate. The effect of thio-
sulfate upon this system became apparent only
after the first minute of reaction; thus, while
a further drop in viral infectivity (approxi-
mately 2 log units) occurred in the next 4
minutes in the mixture without thiosulfate,
no additional loss was detected in the system
containing 0.075 M thiosulfate. In other ex-
periments (results not shown) using 5 x 10
M mustard, it was found that an increase in
the concentration of thiosulfate from 0.075 M
to 0.5 M still failed to prevent a marked initial
drop (é.e. in the first minute) in viral infec-
tivity upon addition of mustard to virus.

Discussion and summary. The present
studies would appear to indicate that the rate
of reaction of mustard with virus was ex-
tremely rapid and that there were chemical
groups in influenza virus which rendered them
highly susceptible to mustard action. The
rapidity of reaction at room temperature was
attested by the observation that the greatest
portion of the viral population was inactivated
during the first minute of mustard-virus inter-
action. The inability of sodium thiosulfate, a
substance reputedly having marked affinity
for mustard molecules, to influence the course
of events during the first minute of reaction
seemingly supported the second of the above
premises; presumably thiosulfate failed to
compete successfully with virus for the mole-
cules of mustard, thus accounting for the rapid
initial destruction of virus. The partially
“protective” action of thiosulfate upon de-
struction of virus by mustard, as reported
herein, was confined to events after the first
minute of reaction, and was probably related
to a tardy combination of thiosulfate and
mustard molecules.

TABLE II. Effect of Thiosulfate upon Initial
Stages of Mustard-Virus Interaction.

Time of

Viral (M) (M) sampling Log IDj;
sample Mustard Thios. (min.)  of sample

1 5% 10 075 1 5.7

2 ” ” 5 5.5

3 ” 0 1 5.5

4 ” ” 5 3.7

5 0 ” 8.7

6 ” 075 8.5

Reaction was at room temp.
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The increasing interest aroused by recent
biochemical and enzymological researches on
the mucopolysaccharides of the connective
tissue ground substance has led us to carry
out a series of investigations on the signifi-
cance of such substances in inflammation
processes and experimental carcinogenesis. In
this first paper some observations are reported
on the action of hyaluronic acid and its en-
zymatic split products on an inflammation
experimentally produced in the rabbit skin by
inoculation with pathogenic staphylococci.
These investigations follow the observations
of Scott et al.(1) who reported a slight short-
ening of incubation period in experimental
syphilis, if spirochetes are inoculated in the
rabbit testis together with hyaluronidase.
According to these authors, this is due either
to direct action of hyaluronidase on spiro-
chetes or on the ground substance. On the
other hand, evidence has been repeatedly
given (Meyer and Chaffee(2), Campani(3),
Caputo(4), Cutinelli(5), McClean et al.(6))
of the participation of mucopolysaccharides
of the connective tissue ground substance in
inflammation processes and in the formation
of granulation tissue (Caselli(7), Baggi
(8-12)).

Methods. The following materials have been
used: A) 24-hr agar cultures of Staphylococ-
cus aureus.! Tmmediately before the ex-
periment the bacterial growth of each culture

* This work was supported by a grant from the
Damon Runyon Memorial Fund for Cancer Re-
search.

t A strain of staphylococcus has been used re-
cently isolated from an abscess.

was suspended in 10 ml of saline. B) Potas-
sium hyaluronate solution (7.5 mg/ml) in
saline, solution pH 7.3.t C) Split products
of potassium hyaluronate obtained by incu-
bating for 2 hours at 37°C the solution listed
as B with hyaluronidase$ (10 Schering
units/1 ml of hyaluronidase. solution), then
inactivating the enzyme by keeping mixture
in water bath at 80°C, 30 minutes. D) 24-hr
agar cultures of the.same strain of S. awreus
A, seeding from a broth culture after 5 succes-
sive cultures in broth (4 ml) to which one ml
potassium hyaluronate had been added at
concentration of 2 mg/ml. The fifth broth
culture was then seeded in agar and the
growth suspended in 10 ml saline. Experi-
ments were made on 9 albino rabbits from the
same breed, weighing approximately 2.5 kg.
The back was carefully shaved, not to produce
abrasions. Each animal was given 2 intra-
dermal injections on both sides at 8 cm dis-
tance from each other. The animals were di-
vided into 3 groups: Ist group. 4 rabbits in-
jected in left side skin with 0.4 ml (2 animals)
and 0.2 ml (2 animals) of a mixture made
with equal volumes of bacterial suspension A
and potassium hyaluronate solution B. Con-
trols were injected in the right side with the
same amount of a mixture containing the bac-
terial suspension and saline in equal volumes.
2nd group. 3 rabbits were injected in the left

} We wish to express our gratitude to Dr. H.
Gibian of the Schering Laboratory of Berlin for his
kind supply of hyaluronate.

§ Throughout our experiments hyaluronidase
(Kinaden) has been used prepared by the Schering
Laboratory, Berlin,



