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THE ANTIGENIC EFFECT OF INTRAVENOUS
INJECTION OF DIPHTHERIA TOXIN.

A. T. GLENNY and C. G. Pore
Wellcome Physiological Research Laboratories, Beckenham, Kent.

WE have found very little reference to intravenous injection of diphtheria
toxin in recent literature and it appears to have been generally accepted
that animals eannot be successfully immunised by intravenous injection
of diphtheria toxin. Madsen (1923) wrote “according to the published
experiments—which are however not very numerous and need revis-
ing—there is an essential difference in the antitoxic reaction oceurring
in a horse actively immunised against diphtheria by subcutaneous
injection and that oceurring as a result of intravenous injection. In
the latter mode of procedure the antitoxin formation is almost wnel”
The following results show however the circumstances in which
immunity response follows intravenous injection.

Intravenous injection as a primery stimulus,

Table I. shows the results of injecting three rabhits with a certain
mixture of toxin and antitoxin of low antigenie efficiency. One rabbit
received a subeutaneous injection of 25 c.e. while the others received
1 ce. and 5 cec. intravenously. The response to the intravenous
injection of 5 cc. was as good as that following the subeutaneous
injection of 25 c.e. Two rabbits were then injected with 005 e.c. of
a certain batech of modified diphtheria toxin, one rabbit intravenously
and the other subcutaneously. No response judged by antitoxin
production oceurred in either rabbit. After two further injections
of the same quantity of modified toxin given subeutaneously, both
rabbits showed a rapid production of the same amount of antitoxin
(1/25 unit). We concluded that the intravenous injection had acted
a8 a primary stimulus and had produced as satisfactory ground immunity
as the subeutaneous injection had done.

Another group of normal rabbits was injected with 0-1 c.e. and
10 c.e. respectively of modified toxin partially neutralised with
antitoxin. The rabbit injected subcutaneously with 1:0 c.c. showed
a4 response in 11 days, those receiving respectively 0-1 c.e. sub-
entaneously and 1'0 c.c. intravenously both responded to a lesser
extent after a latent period of 3 weeks, while the fourth rabbit,

which received 0-1 c.c. intravenously, showed no response,
278
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Tapie L

Showing the antitoric value of the blood of three rabbits after infravenous and
subcutaneous injection of a primary stimulus consisting of a toxin antitorin

miature,
Rabbit . . - 3 6l G 52, G 53. I
Bonte o . - Intravenous. Intravernons. Eubentancons,
Yolume . . 1-0. 540 25 g.0.
Anlitoxin contenl in unils per c.c. :
=
Before injection . 2 Nijl * Wil Nil :
L week after F - " b "
1 L L] - - s LE] L1 ] L1
1% Wﬁﬂkﬂ ﬂ-ﬂﬂ = . L1 LL n.unﬁ
2 o . o - 0001 (0006
2l " ‘ . - 0-002 0016 0000
3 P - o 0-003 002 0011
31 o € 4 : 0-0045 0-023 0012
4 Za - 2 . 0-007 0-025 0-022
44 " ) Y 0011 0-025 0-022
h ¥ . . 5 0-012 (085 0025
6l T : . n 0-012 0-035 0033
i " : ¥ . 0-01a 0033 0-083
- S e 0022 008 0-033
i} i ] - 0018 0-022 0033
74 " . c 3 0016 0022 0033
& P . . . 0012 0020 0033

* Wil means either no antitoxin or less than 040005 unit, i.£., the smallest amount that
we ordinarily test for.

Normal rabbits injected with concentrated modified toxin have
given the following results:—

! Maximum antitoxin
Dose, o6 Boute, produced per o.c. Latent period.
of blood.
10 Subcutaneous 01 unit. 9 days
01 " 00, 1
10 Intravenous 0004 ,, i weeks

In a further experiment five normal rabbits were injected sub-
cutaneously, one with 01 c.e. of modified toxin alone and the other
four with a mixture of 0-1 c.c. of modified toxin and antitoxin varying
in the different rabbits from 1 unit to 7} units. Six other normal
rabbits were injected intravenously with similar mixtures. The
amount of antitoxin produced in the eleven rabbits was scarcely
detectable.  The immunity response to the first stimulus was
therefore judged by the degree of response to a secondary stimulus
consisting of the subcutaneous injection of 01 c.e. of the same
modified toxin,

The results given in table IT. show that ground inmunity is produced
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equally well by intravenous and subcutaneous injection. Tt has alveady
been shown (Glenny, Hopkins and Pope, 1924) that in an immunising
mixture prepared with modified toxin the amount of antitoxin present
does not, within wide limits, affect the antigenic power.

TasrLe II,

Comparing the secondary vesponse of fwo groups of vabbits previously injected
subcutanecusly and intravenously respectively with mixtures of tovoid and
anti toxin,

[ Degree of secondary response in rablits
Amoun: of antitoxin ociginally injseted.
in mizturs injected.

Subeutanconsly. Intravenonsly.

‘ Nil 1/10 unit 1/5 wunit
1 wumnit 120 ., 1860 .,
1 EE 'Il'l'lit“& lfﬁ 53 lllrﬁ LE)
5 L L] ]]rza LE] lﬂﬂ "
Th % 1/25 ,, 17100 ,,
| - 1/i6

Another group of rabbits recorded in table IIL was injected with
60 cc. of a batch of modified toxin of high antigenic value as
determined by guinea-pig experiments. No antitoxin was detected
in three different rabbits injected intravenously with unneutralised
toxoid while five rabbits reeeiving intravenously the same volume of
toxoid partially neuntralised with antitoxin all produced an easily
detectable amount of antitoxin.

Tasre IT1.

Showing the primary stimulus response of ten rvablits to injections, given either
intravenously or subcutancously, of modified towin with and without

andtloain.,
i | i Composition of mixtnre
injuctod.
Rabbit, | et Thonte, Antitoxin produced. :;?rt:;:lt
I Modifhead Loccin. Antitoxin.

1 I 50 e Nil Intravenous Mil

2 | f" lﬂ L] " LR L1
3 5 '0 i an LL] _1"I g
4 1 5 units i 1/250 unit per c.e. | 20 days
5 'lr-l'{' e ]5 L1 A ‘I,IIIE'u " Li ]'E LR
ﬁ 5 -{. LTl Eﬂ LE] LE] ]JIMIZE' ¥ LL] 2'} LEd
F '5‘0 L L] Eu L] % I ljllll::“} LE} L4 ls "
s f-'ﬂ in !r:l'} as % ]flﬁnu L] " 24 L L]
9 50 ,, Nil Subeutaneous | 1/12 ,, x5 9

lﬂ 5":] L3 LL] LR I I.IlE LR} LR 9

. ]

Two normal rabbits injected subeutaneously with 5 c.c. of the
modified toxin alone responded so rapidly that antitoxin was detectable

| &
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in their blood 9 days after the injeection. This great response of
two rabbits (9 and 10) to a subeutaneous injection is in marked
contrast to the failure of the three rabbits (1, 2 and 3) injec
intravenously with the same dose, yet the intravenous injection d
the same amount of modified toxin, when partially neutralised, :mtad_
as a successful stimulus to five other rabbits (4 to 8). A rela.twely‘
poor response was given by rabbits 4 and 8 receiving 1ntr3.va11mmljﬂ-
the mixture confaining the most and least anfitoxin. A possible
explanation is that the intravenous injection of unneutralised toxoid
may fail to act as a powerful antigen because of too rapid elimination,
and that the presence of antitoxin in the mixture injected may delay
absorption or elimination.

Intravenous injection as a secondary stimulus.

The experiments so far have dealt with the action of intravenous
injection as a primary stimulus to normal rabbits.

Table IV. shows that the intravenous injection of toxin into actively
immune rabbits may act as a secondary stimulus. It will be seen
that three rabbits, 11, 16 and 17, injected intravenously with ﬁnuugh
toxin to neuntralise from 10 to 20 per cent. of antitoxin present in

Taere IV. |

Showing the antiloxic content of the Mood of five tmmune rabbits after
secondary stimulus consisting of an intravenous tnjection of diphtheria

forin.
Habbit . s . . 10. 11. 17. 16, 18
' Volume of toxin injected in c.e. 08 0-32 0-08 10 00064
| Number of Lo doses injected . 50 20 05 625 004
c.c. of rabbits’ blood able to | 750 250 90 110 25
neutralise injection
Proportion of total blood able | 507 20 18 % 107 2
| to neutralise injection
i Number of units per e.c. before 006 007 0-055 0455 o0y
injection
| 2 hours after . . S 0014 o
| 2days after . - ; - 0033 0-9
8 iy i . . . 0055 i
4 - = - : 014 150 002
| & ER S R 230 0°05
I m . . . : 0-9 35 275
| 8 u . . . . 0-9 275 0-08
10 0-9 150 004

the cireulating blood of the animal responded to the secondary stimulu
by the production of a considerable amount of antitoxin: 16 produe
275 units per c.e. A smaller response oceurred in rabbit 1
injected with enough foxin to neutralise only 2 per cent. of the to
antitoxin in the rabbit. Only a small response occurred in rabbit 1
receiving enough toxin to neutralise half the total antitoxin. Tt i
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probable that the effect of the injection in this rabbit was too severe
for a good response to be produced.

It appears obvious that the response to the intravenous injection
of toxin in the actively immune rabbits is considerably lessened if the
toxin injected is considerably over neutralised by the circulating
antitoxin in the rabbit. It is therefore impossible to immunise
guccessfully by the intravenous method animals that already confain
geveral units of antitoxin per c.c. for the necessary volumes of toxin
would be too great to allow of injection. It is of interest to note the
relationship between a quantify of toxin and fhe amount of antitoxin
that must be present before the power of the toxin to act as an antigen
(i.e. to cause the production of antitoxin) is completely suppressed.
The antitoxin may be present in the mixture of toxin and antitoxin
made before injection or it may be already present in the circulation
of an animal possessing some immunity.

Mixtures over neutralised 3- or 4-fold injected subcutaneously fail
as antigens. Toxin injected intravenously can still act when there is
enough antitoxin in the total circulation to neutralise the toxin 50-fold.
Toxin injected subcutaneously into actively immune animals may induce
a response even though there is enough antitoxin in the total circulation
to mneufralise many thousand times the amount of toxin injected,
Thus a rise in antitoxic value of a horse already containing 1000
units of anfitoxin per c.e. of serum may follow a subeutaneous
injection of 100 c.c. of toxin, a quantity which could be fully
neutralised by 1 cc. of serum. In such a horse toxin injected
gubcutaneously can still aet as an antigen when there is enough
antitoxin in the total eirculation to neutralise 30,000 times the amount
of toxin injected.

The disproportion between total circulating antitoxin and size of an
effective immunising dose of tfoxin injected subcutaneously may be
eompared with the similar disproportion, apparent in the Schick test,
between circulating antitoxin and the amount of toxin injected intra-
cutaneously that will produce an inflammatory reaction. A person
possessing say 4 litres of blood containing 1/100 of a unit of anfitoxin
per c.c. still develops a red flush, 7.e. a positive reaction, following an
intradermic injection of that amount of toxin that would be completely
neutralised by 1/10 e.c. of his blood. This disproportion is very much
smaller when circulating antitoxin in a guinea-pig is compared with
the amount of toxin necessary to kill the animal. A positive Schick
reaction is produced in the local tissue cells; against this effect only
a very small proportion of total circulating antitoxin is available;
against the general lethal effects, a far greater proportion of antitoxin
isavailable. The disproportion between total circulating antitoxin and
the size of an effective immunising dose injected subeutaneously
suggests that the antigenie stimulus of toxin is a local effect.






