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SYNOPSIS

This paper describes experiments undertaken to determine the
usefulness of 15 nitrogen-mustard and mustard-like drugs in in-
activating fixed rabies virus for the preparation of experimental
antirabies vaccines. One or more of the five agents eventually selected
gives promise of practical value in rendering rabbit-brain fixed rabies
virus and duck-embryo fixed rabies virus noninfective for mice, at
the same time allowing of successful antirabies immunization.

This report concerns the use of a rather limited class of chemicals,
i.e., the nitrogen-mustard and mustard-like drugs, as inactivators of fixed
rabies virus in the preparation of experimental antirabies vaccines. Presenta-
tion of results with other chemicals, ultraviolet light, etc., will have to be
left to others. Within this category, however, we have indeed been interested
in the Japanese publications on the very potent Merzonin (merthiolate) and
heat-treated fixed rabies virus. We have done some work on this, partly
because of previous experience and experimentation with merthiolate
(thiomersal, Lilly) as an antiseptic and preservative; we have not, however,
arrived at a point in this work with merthiolate at which a report is indicated.

Some years ago TenBroeck & Herriott reported on inactivation with
sulfur mustard of three viruses, including eastern equine encephalomyelitis
virus, hog cholera virus, and fixed rabies virus.2 These authors used from
one-half saturation with mustard solution up to twice saturation. It is
evident from table I, which shows some of their immunization results, that
their moderate treatment (i.e., half saturation) of fixed rabies virus with
sulfur mustard allows of substantial immunization, while full saturation is
evidently sufficient to over-treat the virus and little immunization is apparent.
It also appears from their results that antirabies vaccine prepared by half
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saturation with sulfur mustard exceeds phenol-treated and chloroform-
treated antirabies vaccines in immunizing action. TenBroeck & Herriott's
immunization experiments were conducted in guinea-pigs, and it is not
clear how their sulfur-mustard-treated antirabies vaccine would assay
according to the mouse immunization tests currently used in the United
States of America.

TABLE I. IMMUNITY PRODUCED BY FIXED RABIES VIRUS

Results of intramuscular injection
Inactivation of vaccine of active virus dilution

1/10 1/50

Saturated with mustard ..... . 4/4 1/4

One-half saturated with mustard 0/12 0/11

Phenol-treated . . . . . . 4/4 2/4

Chloroform-treated . . . . . 3/4 3/4

Controls ....... . . . . . . 4/4 3/4

Guinea-pigs were injected intraperitoneally twice (doses a week apart) with
11% vaccine ; two weeks after the last dose they were challenged intramuscularly.

After TenBroeck & Herriott'

A later report by the above authors 3 indicated that the potency of
certain mustard-treated rabies vaccines exceeds that of phenol-treated
vaccines, and is about equal to that of ultraviolet-inactivated vaccines as
well as active vaccines. Inactivation by mustard was said to be related to
combination of this agent with carboxyl groups rather than free amino
groups of the virus.

Our interest in nitrogen-mustard and mustard-like compounds stemmed
from experimentation with about twenty-five of these drugs in attempted
chemotherapy of several bacterial and virus infections, tumors, etc., mainly
in mice. Some extensions of experimentation with these drugs were then
made through their trial use as inactivators of influenza virus and fixed
rabies virus, and, recently, with poliomyelitis virus in the preparation of
likely vaccines. No account of our experiments with these agents in influenza
virus and poliomyelitis virus will be given here; however, a few experiments
with this class of drugs in fixed rabies virus may be worth reporting.

Materials and Methods

The main drugs we used are listed in the following tabulation; some of
those which proved of most interest were assigned a prefix number.
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Drugs used to inactivate fixed rabies virus
(compounds with P-chloroethyl groups; compounds as ethylene imines or ethylene oxides)

bis-(2-Chloroethyl) ethylamine
bis-(2-Chloroethyl) tetrahydrofurfurylamine
bis-(bis(2-Chloroethyl))amino sulfide

00915 : bis-(2-Chloroethyl) amine
N-methyl-3-chloropiperidine

01401 : Benzyl-2-chloroethylamine
2-Chloro-2-phenyl ethyl dimethylamine
2-Chloroethyl dimethylamine

01621 : N-(2-hydroxyethyl) ethylene imine
01995 : Butadiene monoxide

Ethylene imine
Ethylene oxide
I-Piperidino-2-3-epoxypropane
I-Diethylamino-2,3-epoxypropane

01749: I -Morpholino-2,3-epoxypropane

Trial inactivation of virus was conducted at ice-box temperature, and
in this process different concentrations of each drug were mixed with small
batches of freshly-prepared 10% rabbit-brain virus, which was used in the
first stages of experimentation, and these were allowed to stand. After
periods of one day, two or three days, five days, one week, two weeks, and,
in a few cases, three weeks, samples were withdrawn and tested for the
presence of active virus by intracerebral injections of decimal dilutions into
mice. In the actual experiments, fractional portions of each batch were
removed periodically (and dried off, as will be referred to later) for further
testing, since the outcome of the mouse tests lagged two weeks behind the
withdrawal of the samples, and inactivation overruns the optimal point by
the time animal results are apparent.

Several drugs were first eliminated on account of their lack of substantial
virus-inactivating action when used in a range of concentrations of from
0.1 mg to 3.0 mg per ml of virus. For example, the fifth drug listed
above, N-methyl-3-chloropiperidine, seemed to have little or no virus-
inactivating action in the range of concentrations used in our experiments.
There is some possibility, of course, that drugs of practical usefulness
(having slow antiviral action over a long time, with resultant good anti-
genicity of the finally inactivated vaccine) would be missed in this way. On
the other hand, somewhat stronger concentrations than we have used might
be effective. In passing, it may be mentioned that N-methyl-3-chloropiperi-
dine seems to inactivate influenza virus better than fixed rabies virus.

We are undecided about ethylene oxide. In the rather weak concentra-
tions we used it did not inactivate virus. In stronger concentrations, i.e.,
1% or 10 mg per ml, it inactivates virus, kills bacteria, etc., and this has been
observed by others. There may be failure of immunization, however, when
over-treatment of virus by ethylene oxide is accomplished. Non-suitability
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of ethylene oxide as an inactivator of fixed rabies virus does not necessarily
indicate its non-suitability as an inactivator of influenza or poliomyelitis
virus.

TABLE II. AGENTS FOR INACTIVATION OF FIXED RABIES VIRUS

Mg of drug
Drug (or concentration)

per ml of virus

00915 ,B,' Dichloroethylamine 3.0

01401 Benzyl ,B-chloroethylamine ...... 3.0

01621 N-(2-hydroxyethyl)ethylene imine. 0.1

01749 1 -Morpholino-2,3-epoxypropane 3.0

01995 Butadiene monoxide .... . . . . . 3.0

Formalin . ......... .. 1/2,000 concentration

Of the remaining drugs, a tentative selection of five of the most interesting
has been made, as shown in table II. In general, about 50% excess of inac-
tivating drug is indicated over the minimum concentration necessary to
effect complete inactivation in seven days at ice-box temperature, as deter-
mined in a previous trial test. Thus 2 mg of 01749, for example, per ml of
vaccine will inactivate the virus in seven days, and 3 mg will inactivate in
three days. Five lots of vaccine made with the concentrations of drugs
indicated in table II have been subjected to mouse immunization assays,
and the results of these tests are shown in table III. A vaccine inactivated
with formalin, and an active virus vaccine, were used for comparison. It is
noted that vaccines made with 01401 and 01621 appeared to be about equal
to active virus vaccine. Vaccines made with 00915 and 01749 were next
best. Vaccines made with 01995 and formalin were lowest in potency. We
have not succeeded with formalin-inactivated vaccine prepared at either
50C or 1°C, but have used it occasionally, mainly out of curiosity. One
group of mice in particular, on vaccine with 01749 as shown in table III,
and challenged with 10 virus, may appear somewhat out of line since they
resisted I0 3 challenge virus to a lesser extent than other, similarly vaccinated
mice resisted 10-2 or 10 4challenge virus. On the other hand, some of the
larger doses of challenge virus may sometimes act in the same way as a
recall dose of vaccine, and give an improved result.

One other point may be mentioned in connexion with table III, namely,
it has been said that assay end-points are difficult to determine with certainty
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in the case of active antirabies vaccine. Consequently, definite quantitative
comparisons are not intended, but rough comparisons can be made.

Some parallel tests have been made with the drugs shown in table III in
duck-embryo fixed rabies virus.' The immunizing action of a batch of this
vaccine inactivated with 01749 is shown in detail in table IV. Details of
this test appear self-explanatory.

TABLE IV. IMMUNIZING ACTION IN MICE
OF RABIES VACCINE RV43B INACTIVATED

WITH 1-MORPHOLINO-2,3-EPOXYPROPANE (01749)*

chalenge virus Immunized mice Control mice

10-.2 7,8,8,8,8, 0
S, S, S, S, S, S, S

10-. 7,8,10,10,14, 0
S,S,S,S, S, S, S

10-4 8,9,10,14, 0
S, S, S, S, S,S

10-' 9,10, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 8
5S,,S,, S, S,S,SS

10-6 0 7, 7, 7, 7, 7, 7, 8, 8, 8, 9

10-' 0 7,8,8,9,13,
,S,S, S, S, S

10.8 0 7,9,10,10,
S,5S, S, S. S, S

Vaccine immunizes against 27,600 LD5, of virus

* Each number indicates day of death of one mouse: S indicates survival
of one mouse for 14 days.

It is of interest that this type of vaccine administered by the Freund
adjuvant method to guinea-pigs does not elicit neuroparalytic reactions
as does rabbit-brain vaccine; a verbal report on this has been made by
MacFarlane & Culbertson at the 41st Annual Meeting of the Canadian
Public Health Association on 1-3 October 1953. The active-immunity
response indicated in table IV, i.e., against 27,600 median lethal doses
(LD50) of virus, appears of interest for an antirabies vaccine compris-
ing inactive virus and being free of one class of undesirable properties.
Inactivation tests with other compounds, and vaccine assays, are being
carried out.

The duck-embryo antirabies vaccine referred to here 1 is usually prepared
by injecting a 10-2 dilution of virus into seven-day embryonated duck-eggs.
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Seed virus is fixed virus, and may comprise (a) rabbit-brain virus, (b) mouse-
brain virus, (c) hamster-brain virus, or (d) previously passed duck-embryo
virus; for convenience, this seed virus may be prepared in diluent containing
penicillin and streptomycin. After inoculation, such embryonated duck-
eggs are subjected to an additional period of incubation of 11-14 days.
At this time the eggs are opened and the entire embryo is quick-frozen in
small containers resting on a block of dry-ice.

Usually, 20% emulsions of virus-containing embryos are homogenized
in freshly boiled and chilled diluent, to which cysteine hydrochloride or
another similar antioxidant has been added. The pH is set upward to
about 7.4, and inactivation may then be carried out with mustard if desired.
After inactivation, stabilization can be increased with suitable amino-acid
addition, or addition of a small percentage of non-antigenic protein. Most
batches of duck-embryo antirabies vaccine have been quick-frozen and
then dried off under negative pressure coupled with infra-red radiation in
optimal amounts. The use oflactose in vaccine to be dried off is advantageous;
also, some clarification of this and other embryo vaccines may be obtained
by adsorption while in the fluid state with attaclay, although some loss in
titre takes place.

Vaccine of this sort may be rehydrated up to volume before use, and
remains potent for a few days in the ice-box. As has been indicated, this
vaccine may be successfully submitted to the mouse assay formerly specified
by the National Institutes of Health of the USA, or to the modified test of
the same Institutes which came into use as from 1 September 1953. In our
laboratory, additional work is being done on other important aspects
common to this field of virus work.

Conclusions

1. Several nitrogen-mustard and mustard-like drugs have been tried as
inactivators of fixed rabies virus in the preparation of antirabies vaccine.

2. Inactivation has been judged solely on the basis of the vaccine's
freedom from infectivity when injected intracerebrally into mice. It is not
known whether other methods might resurrect the virus after presumptive
inactivation.

3. The agents used seem to expend themselves in the vaccine, and the
development of a slight amount of acid may require weak alkalinization.
Some care is needed in handling stocks of nitrogen mustards lest they get
onto the skin and cause dermatitis. Stock solutions are best kept in the
chill-room.

4. One or more of these agents gives promise of practical use in rendering
rabbit-brain fixed rabies virus and duck-embryo fixed rabies virus non-
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infective for mice, at the same time allowing of successful active antirabies
immunization.

5. Work is continuing on a few select compounds in antirabies as well
as other vaccines.

RE-SUME

Plusieurs composes du groupe des moutardes azotees ont et mis a 1'etude comme
agents inactivants du virus rabique fixe, pour la preparation de vaccins. Ces essais
s'inscrivent dans le cadre d'experiences de traitement d'infections bacteriennes, de
viroses et de tumeurs, chez la souris ainsi que d'essais d'inactivation des virus de la
grippe et de la poliomyelite, au moyen de substances de ce groupe.

L'inactivation a et6 determin6e d'apres I'absence d'infectivite du virus inocul 'a la
souris par voie intracerebrale. On n'a pas etabli si le virus ainsi inactive pouvait 8tre
reactive par certaines methodes. Une legere acidite se developpe dans le vaccin sous
I'action de ces composes; une faible alcalinisation peut, de ce fait, etre necessaire.

Une, ou peut-tre plusieurs, des substances etudiees semble donner des resultats
prometteurs en inactivant - pour la souris - les virus fixes prepares sur cerveau de
lapin ou embryon de canard, tout en assurant une immunisation tres satisfaisante.
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