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TETANUS TOXIN AND ANTITOXIN *

from the Department ofBiological Standards
National Institute for Medical Research, London

Present Position

1. The comparative assay of samples of tetanus antitoxin is influenced by the toxin
used, the species of test animal, the route of injection and the end-point selected, and
possibly also by the time of contact of the mixtures before injection.

2. The precision of assay is little affected by the conditions of experiment or by the
species of test animal, but is influenced by the toxin used. (Llewellyn Smith 17)

Llewellyn Smith indicates elsewhere that the antitoxin also affects the
"slope" and hence the precision.

Petrie"1 suggests:

Crude tetanus toxins, whether employed as immunising antigens or as test-toxins,
are to be regarded as mixtures in varying proportions of the primary toxin molecule
and of an antigenic variant of this; preparations of tetanus serum likewise consist of mix-
tures in varying proportions of the corresponding antitoxins. Differences in mutual
neutralising afflinities of these components in a reacting system account for the discre-
pancies in titre of tetanus sera when different test-toxins are used for the assays.

He supports this with evidence that
(a) " ... titres as estimated by heterologous short-growth [4 day] test-

toxins vary within narrower limits than those estimated by long-growth
[8-12 day] test-toxins " which is " consistent with the theory of the complex
nature of crude tetanus toxins when these are harvested late ";

(b) antitoxins fall into groups when assayed against long- or short-
growth toxins, and

(c) "...the relatively high titres of antitoxins when estimated by homo-
logous [a] test-toxins, in comparison with the corresponding titres when
estimated by heterologous test-toxins, are highly significant and provide
virtual proof of the theory ".

This work provides the most definite statement of the multiplicity of
composition of tetanus toxin both as a protective and as a test antigen,
and of the consequent multiplicity of antibodies in the antitoxins. The
hypothesis would explain the difficulties met with in standardizing tetanus

* A note submitted by Dr. A. A. Miles to the second szssion of the Expert Committee on Biological
Standardization

[al In this quotation the term "' homologous " means " from a single batch of toxin " heterologous"
indicates a different batch from the one used to produce antitoxin, even though from the same strain of
tetanus bacillus.
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antitoxin, though not the highly discordant results when comparing titres
in the mouse and in the guinea-pig as test animals. Petrie goes on to ask:

(1) May it be that the primary and secondary molecules [of toxin] have a quantita-
tively different toxic action in the mouse and the guinea-pig? and (2) Are the primary
and secondary toxin-antitoxin complexes characterised by a difference in co-aptation
which influences their firmness of union or, otherwise stated, their tendency to dissociate
in vitro or in vivo?

A further source of discrepancy may be the fraction of the (horse)
globulins in which the antibodies predominantly occur; the work ofKekwick
& Record 6 on diphtheria antitoxin suggests that at different stages of immu-
nization different fractions may carry antibody; such fractions would be
expected to have quite different physical properties (such as diffusibility
in vivo) in different species. This might be worth further investigation
(see below). The work of Ipsen 5 shows that it is possible to produce a
uniformly reacting toxin if this is produced from a given strain under defined
conditions. " Strains " oftoxin have moreover a characteristic rabbit/mouse
toxicity ratio. This is a further strong argument in favour of the pharma-
cological inhomogeneity of tetanus toxin.

Possible Lines of Research

Clearly the work of Petrie 11 should be amplified, particularly his evi-
dence summarized under (c) above (the superior adaptation of antitoxin
to its " homologous" toxin), which is crucial. However, a wider range
of research might be attempted, constituting an attack on (a) the toxin,
(b) the antitoxin, and possibly (c) the test animal.

(a) The toxin. Recent work is clarifying the pharmacology of tetanus.
Nevertheless, we must first ask whether the neurotoxin is the only toxin
with which we need concern ourselves, from the point of view of human
disease. All experience goes to show that it is, but it cannot be considered
absolutely certain; it would be economical however to proceed on this
assumption for the time being. There is little doubt that the neurotoxin
exercises both a local (peripheral) action on neuromuscular transmission
and a central action. The question of its route to the central nervous
system is undecided, but it is not a question which directly concerns us.
As far as its local action goes, the work of Genuit & Labenz 2 strongly
suggests that it acts as an anticholinesterase. Schafer 16 could not confirm
this action. The work of Harvey 4 is however at least consistent with this
theory. Muscles whose motor nerve has been cut but has not degenerated
can be made spastic by toxin; once the nerve is degenerated they cannot.
It is probable that acetylcholine leaks from the dying nerve-endings of such
a transected nerve, thus producing the fibrillation encountered in this
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condition. Tetanus toxin, by preserving acetylcholine, might transform
this fibrillation into spasm. If the nerve-ending is dead, no more acetyl-
choline is synthesized, and tetanus toxin would be without action. Some
of the non-inhibited preparations of Schiifer 16 not inhibited by tetanus
antitoxin were certainly the " pseudo-cholinesterase " (non-specific esterase)
distinguished from true cholinesterase, which is specific for acetylcholine,
by Mendel & Rundney; 9 the possibility remains that tetanus toxin is
strictly an anti-(true)-cholinesterase. However, recent work by Ambache,
Morgan & Wright 1 has shown conclusively that, when injected into the
eyes of rabbits, tetanus toxin has (when the eye is normal), after an incuba-
tion period of 48 hours or so, a strong mydriatic action, corresponding
in all respects to a palsy of the oculomotor ending; the iris responds nor-
mally to stimulation by injected acetylcholine. This definitely favours
the hypothesis preferred by Harvey4 that tetanus toxin acts directly on the
motor end-plates, leading to increased leakage of acetylcholine and sub-
sequent degeneration; the lack of the spastic phase in the iris being presum-
ably due to anatomical reasons.

In spite of this work, however, it might still be desirable for the effect
of tetanus toxin on the true cholinesterase of Mendel & Rundney 9 to be
investigated, since it can easily be prepared substantially free of pseudo-
cholinesterase. The point of this pharmacological resume is that it might
be helpful to have an independent in vitro method of estimating the potency
of tetanus toxin with respect to a specific enzymic (or rather anti-enzymic)
reaction. A direct toxic effect on motor end-plates, however, as suggested
by Harvey4 and by Ambache et al.1 is less likely to provide a simple in
vitro test. Another line of approach is suggested by the work of Pons.13
He found that tetanus toxin was adsorbed by minced brain and cord tissue;
tetanus toxoid (and diphtheria toxin) was not. 10 % brain suspension
adsorbed 90 % of a potent toxin. If this is confirmed, it is obviously
susceptible of very useful quantitative application. Firstly, is the unad-
sorbed 10 % pharmacologically identical with the rest of the toxin? This
might uncover the existence of toxins other than neurotoxins. Secondly,
titrations of the toxin left unabsorbed by varying amounts of brain tissue
should throw light on the question raised by Petrie 11 of the inhomogeneity
of tetanus toxin. One would expect the most toxic fraction to be adsorbed
most easily; this might not be the most serologically reactive fraction (since
toxoid is reactive serologically). An impressive fractionation of toxin, on
the essential biological basis, might be achieved.

Neter 10 and Putzer & Grubb 14 have noted that tetanus toxin is inac-
tivated by clavacin. A similar quantitative follow-up of this effect might
give information along the same lines. (Note also the " antidotal factor"
in penicillium filtrates, found by Ramon 15 and Smolens 18 to be active on
tetanus toxin.) Indeed, a simple quantitative estimation of the effect of
formalin on tetanus toxin might give useful information.
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The remarkable purification and crystallization of tetanus toxin by
Pillemer et al.12 is relevant to this inquiry, although for the reasons given
above it is not likely to be helpful in solving the immediate problems,
firstly because crystallinity is very far from being a criterion of molecular
homogeneity among the proteins, and secondly because homogeneity is
not necessarily desirable in a standard which is to be used to control inhomo-
geneous products, unless it is certain that the purified product represents
an optimum toxin, both with regard to toxicity range and antigenicity.
Its value in qualitative pharmacological researches is clearly considerable.

(b) The antitoxin. A critical and large-scale investigation of antibody-
bearing fractions of globulin in a number of sera might be attempted, by
electrophoretic and chemical methods, correlating with the mouse/guinea-
pig ratio, the dissociability, the speed of flocculation, etc. The rapidity
of firm union, incidentally, is probably of prime importance in antitetanus
therapeutic sera since, as soon as the toxin comes in contact with nervous
tissue, serotherapy is useless. A very much greater emphasis, moreover,
might be put on the development of the flocculation test 15 since this might
both give information about the relative qualities of toxins and antitoxins
(by means of estimations of the speed of flocculation) and also, by refined
serological methods, might throw light on the homogeneity or otherwise
of the components.

(c) The test animal. The lines of research suggested under both (a)
and (b), if applied to mice and guinea-pigs in parallel might elucidate the
differences between them. One might mention here the suggestion of
Traub et al.19 that tetanus toxin is " potentiated " by broth or serum,
which is evidently a species effect as it does not occur in either the rat or
the rabbit. Although their results are quantitatively a little unconvincing,
the phenomenon seems to be a real one, and might be worth following up.
And, as noted above, Ipsen 6 has shown that the mouse/rabbit ratio is
characteristic of " strain" of toxin.

Standard Toxoid

There would be little difficulty in producing a stable toxoid and assaying
it, 7, 8 and an APT could be made from it if required. But in view of
the variation among toxoids, it is essential to use one which will be effective
in producing antibody that will protect against challenge by any toxin
likely to be encountered in disease or used in the laboratory, in a standard
way. To this end, a large number (say 25 or so) of toxins from very
different sources should be selected internationally; and from these about
four should be chosen as giving maximally variable reactions against a
number of different antisera, in both mice and guinea-pigs (none which
is obviously much " toxoided" or otherwise unsuitable would be chosen).
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These should be distributed to the testing-centres as challenge-toxins,
all four of which are to be used when testing the immune response to a
commercial toxoid or vaccine. In parallel, one, or a suitable mixture of
all four, might be distributed as a " standard toxoid".
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