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SYNOPSIS

The alpha antitoxin contents of the International Reference
Preparations of Clostridium welchii Types B and D Antitoxins were
assayed against two type A test toxins-Cl. welchii (perfringens)
test toxin P2, issued by the Statens Seruminstitut, Copenhagen,
and Cl. welchii test toxin AGX 1373, issued by the Weilcome Re-
search Laboratories, England-the alpha toxin contents of which
were first determined against the International Standard Alpha
Antitoxin. Three methods of assay were used: mouse killing (the
L+ test); haemolysis of red blood cells (the Lh test); and produc-
tion of turbidity in egg-yolk solution (the lecithinase or Lv test).

Taking the mean of all tests, it was found that the International
Reference Preparation of Cl. welchii Type B Antitoxin contained
282 units of alpha antitoxin per ml, while the International Refer-
ence Preparation of Cl. welchii Type D Antitoxin contained 93 units
of alpha antitoxin per ml.

1. Introduction

At the request of Dr 0. Maal0e of the Statens Seruminstitut, Copen-
hagen, the authors undertook to determine the concentration of alpha
antitoxin in the International Reference Preparations of Clostridium welchii
Types B and D Antitoxins which, primarily, are references for beta and
epsilon antitoxins respectively. This action is in accordance with the
decisions taken by the WHO Expert Committee on Biological Standardiza-
tion in October 1954.1 The investigation was carried out in the Sir
William Dunn School of Pathology, University of Oxford, England.

1 World Health Organization, Expert Committee on Biological Standardization (1954) Wld Hlth Org.
techn. Rep. Ser. 96, 6
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The Cl. welchii types B and D antitoxins were assayed against two
Cl. welchii type A test toxins, the alpha toxin contents of which were deter-
mined against the International Standard Alpha Antitoxin.

The alpha. toxin is an enzyme (lecithinase) which is lethal, haemolytic,
and capable of producing a turbidity when incubated with lecithovitellin
in egg-yolk solution. Accordingly, three methods of indicating toxin excess
over antitoxin were employed: mouse killing (the L+ test), haemolysis of
red blood cells (the Lh test), and production of turbidity in egg-yolk solu-
tion (the lecithinase or Lv test). Although the alpha toxin produces necrosis
when injected into the skin of a guinea-pig, this reaction was not used as
the results obtained with it are extremely variable.

The following materials were used:
(a) The International Standard Gas-Gangrene Antitoxin (perfringens),

containing 20 International Units of alpha antitoxin per ml, issued by the
Statens Seruminstitut, Copenhagen.

(b) Cl. welchii (perfringens) test toxin P2: a dried powder-obtained
by precipitation from a Cl. welchii type A culture filtrate with ammonium
sulfate-issued by the Statens Seruminstitut, Copenhagen, and stated by
them to have an L+ value of 6.4 mg.

(c) Cl. welchii test toxin AGX 1373: a dried powder-obtained by
precipitation from a Cl. welchii type A culture filtrate with ammonium
sulfate-issued by the Wellcome Research Laboratories, Beckenham,
England, and stated by them to have an L+ value of 1.88 mg.

(d) International Reference Preparation of Cl. welchii Type B Anti-
toxin-containing 5000 units of beta antitoxin per ml, dispensed in l-ml
volumes in ampoules, and freeze-dried-issued by the Statens Seruminstitut,
Copenhagen, and stated by them to contain 280 units of alpha antitoxin
per ml.

(e) International Reference Preparation of Cl. welchii Type D Anti-
toxin-containing 1000 units of epsilon antitoxin per ml, dispensed in
1-ml volumes in ampoules, and freeze-dried-issued by the Statens Serum-
institut, Copenhagen, and stated by them to contain 95 units of alpha
antitoxin per ml.

In the assays reported in this article the ranges of concentration of test
toxins and antitoxins were chosen to fall equally about the values given
by the suppliers. In all cases the values derived from tests involving mouse
killing were calculated according to the method of Reed & Muench.2

2. Determination of Test Doses of Alpha Test Toxins
(a) Copenhagen test toxin P2

448 mg of Copenhagen test toxin P2 were dissolved in 20 ml of a solution
containing 0.002 M CaCl2, 0.3 % gelatin, and I % NaCl (henceforth called

2 Reed, L. J. & Muench, H. (1938) Amer. J. Hyg. i7, 493
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" calcium gelatin saline "). Eleven mixtures were then made up, each
containing: (a) 0.35 ml of the International Standard Antitoxin (perfringens),
i.e., 7 units of alpha antitoxin; (b) amounts of the test toxin solution de-
creasing by 10% steps from 2.74 ml to 0.95 ml; (c) calcium gelatin saline
to make the volume in each case up to 7 ml. Each of the mixtures there-
fore contained 1 unit of alpha antitoxin per ml.

The following tests were then made with these mixtures:
The Lv test. 0.5 ml of each toxin-antitoxin mixture was mixed with

0.5 ml of fresh egg-yolk solution made by suspending the yolk of one hen's
egg in 500 ml of 1% NaCl solution, adding 100 g of filter-aid (Standard
Super Cel, Johns-Manville), and filtering. The mixtures were incubated
at 370C for one hour before being read. The indicating mixture was that
which contained the least amount of toxin that caused a perceptible
turbidity to appear.

The Lh test. 0.5 ml of each toxin-antitoxin mixture was mixed with
0.5 ml of a 3 % suspension of washed human red blood cells in 1 % NaCI
solution. The mixtures were incubated at 370C for one hour and stood at
40C overnight before being read. The indicating mixture was that which
contained the least amount of toxin that caused a perceptible degree of
haemolysis.

The L+ test. Since the egg-yolk turbidity and the red-cell haemolysis
tests are more sensitive than mouse killing, the Lv and Lh values were
smaller than the L+ value. The first seven of the eleven toxin-antitoxin
mixtures were spaced about the L+ value supplied by the issuers of the
test toxin, and the range extended to eleven mixtures to embrace the Lv and
Lh tests. The values for the Lv tests, which could be obtained in little over
an hour, were always determined before the L+ tests were made, to con-
firm that a suitable range of toxin concentration was being used. 0.5-ml
doses from each of the first seven toxin-antitoxin mixtures were injected
into the tail veins of mice (18-20 g), eight mice being used for each
mixture. Deaths were recorded after 48 hours.

Although not strictly relevant to the present investigation, the median
lethal doses (LDr0) of the test toxins were also determined by injecting
0.5-ml volumes of seven serial two-fold dilutions of toxin into groups of
four mice per dilution. The protocols of these assays are not shown.

The results of the Lv, Lh, and L+ tests, which are shown in Table I,
lead to the following conclusions:

Test doses of Copenhagen test toxin P2
Lv (at 0.5 unit level) = 2.10 mg; i.e., Lv = 4.20 mg
Lh (at 0.5 unit level) = 2.10 mg; i.e., Lh = 4.20 mg
L+(at 0.5 unit level) = 2.94 mg; i.e., L+= 5.88 mg

LDr0 = 0.063 mg
LD50 per L+=93
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TABLE I. DETERMINATION OF TEST DOSES OF COPENHAGEN TEST TOXIN P2

mg of test toxin
mixed with 0.5 Lv reaction Lh reaction Mice killed
unit of antitoxin

4.38 ++ +++ 8/8

3.95 +++ +++ 8/8

3.55 +++ +++ 8/8

3.20 +++ +++ 8/8

2.88 +++ +++ 3/8

2.59 +++ +++ 0/8

2.34 ++ I ++ 0/8

2.10 + +

1.89

1.70

1.52

TABLE II. DETERMINATION OF TEST DOSES OF WELLCOME TEST TOXIN AGX 1373

mg of test toxin
mixed with 0.5 Lv reaction Lh reaction Mice killed
unit of antitoxin

1.28 + +t e + 8/8

1.15 +--+ +++ 6/8

1.04 T ±+ + -t 0/8

0.94 +++ ++r 0/8

0.84 ++ ++ 0/8

0.76 + + 0/8
0.68 -0/8

0.61

0.55

0.50

0.44
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(b) Wellcome test toxin AGX 1373

The test doses of the Weilcome test toxin AGX 1373 were determined
in the same way, and with the same volumes, as those of the Copenhagen
test toxin, except that the test toxin solution was made by dissolving 105 mg
of AGX 1373 in 16 ml of calcium gelatin saline.

The results, which are shown in Table II, lead to the following conclu-
sions:

Test doses of Wellcome test toxin AGX 1373
Lv (at 0.5 unit level) = 0.76 mg; i.e., Lv = 1.52 mg
Lh (at 0.5 unit level) = 0.76 mg; i.e., Lh = 1.52 mg
L+ (at0.5 unit level) = 1.12 mg; i.e., L+= 2.24 mg

LD50= 0.047 mg
LD50 per L+= 48

Note, from its smaller value of LD50 per L+, that toxin AGX 1373 is
more toxoided than toxin P2.

3. Alpha Antitoxin Content of International Reference
Preparation of Clostridium welchii Type B Antitoxin

(a) Test against Copenhagen test toxin P2

470 mg of Copenhagen test toxin P2 were dissolved in 40 ml of calcium
gelatin saline, giving a solution containing 2 L+ per ml, 2.8 Lv per ml,
and 2.8 Lh per ml. The contents of one ampoule of the International
Reference Preparation of Clostridium welchii Type B Antitoxin containing
5000 units of beta antitoxin were dissolved in 20 ml of calcium gelatin
saline. Eleven solutions were made up, each containing: (a) 3.5 ml of test
toxin solution, i.e., 7 L+, or 9.8 Lv, or 9.8 Lh; (b) amounts of the 1/20
antitoxin solution decreasing by 10% steps from 1.02 ml to 0.36 ml;
(c) calcium gelatin saline to make the volume in each case up to 7 ml. Each'
of the solutions therefore contained 1 L+, or 1.4 Lv, or 1.4 Lh per ml.

The mixtures were then tested by injecting into mice, and by mixing'
with egg-yolk solution and red-blood-cell suspension in the same way as
in the determinations of test doses, except that in this case the seven solutions
containing the smallest amounts of antitoxin were used in the mouse assays.

The results of these tests, which are shown in Table III, lead to the
following conclusions:

Alpha antitoxin content of the International Reference Preparation of Clostridium welchii
Type B Antitoxin
By Lv test: 0.00239 ml of antitoxin contains 0.7 unit; i.e., the antitoxin contains

292 units per ml.
By Lh test: the antitoxin contains 292 units per ml.
By L+ test: 0.0017 ml of antitoxin contains 0.5 unit; i.e., the antitoxin contains 294

units per ml.
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TABLE III. DETERMINATION OF ALPHA ANTITOXIN CONTENT OF
INTERNATIONAL REFERENCE PREPARATION OF CLOSTRIDIUM WELCHII

TYPE B ANTITOXIN WITH COPENHAGEN TEST TOXIN P2

ml of original anti-
toxin mixed with Lv reaction Lh reaction Mice killed

or 0.7 Lh

0.00364

0.00328

0.00296

0.00268

0.00239 + + 0/8

0.00214 ++ ++ 0/8

0.00193 +++ +++ 0/8

0.00175 +++ +++ 2/8

0.00157 +++ +++ 8/8

0.00143 +++ +++ 8/8

0.00128 +++ +++ 8/8

TABLE IV. DETERMINATION OF ALPHA ANTITOXIN CONTENT OF
INTERNATIONAL REFERENCE PREPARATION OF CLOSTRIDIUM WELCHII TYPE B

ANTITOXIN WITH WELLCOME TEST TOXIN AGX 1373

ml of original anti-
toxin mixed with
0.5 L+, or 0.735
Lv. or 0.735 Lh

toxin mixed with
reaction Mice killed

0.00364

0.00328

0.00296

0.00268

0.00239

0.00214

0.00193

0.00175

0.00157

0.00143

0.00128

Lv reaction

++

+++

++

+++
1/8

0/8

2/8

8/8

8/8

8/8

8/8

Lh reaction Mice killed
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(b) Test against Wellcome test toxin AGX 1373
Exactly the same experiment was set up as with the Copenhagen test

toxin, except that the test toxin solution was made by dissolving 179 mg
of AGX 1373 in 40 ml of calcium gelatin saline and the final mixtures thus
contained 1 L+, or 1.47 Lv, or 1.47 Lh per ml.

The results of these tests, which are shown in Table IV, lead to the
following conclusions:

Alpha antitoxin content of the International Reference Preparation of Clostridium welchii
Type B Antitoxin
By Lv test: 0.00268 ml of antitoxin contains 0.735 unit; i.e., the antitoxin contains

274 units per ml.
By Lh test: the antitoxin contains 274 units per ml.
By L+ test: 0.0019 ml of antitoxin contains 0.5 unit; i.e., the antitoxin contains

263 units per ml.

4. Alpha Antitoxin Content of International Reference
Preparation of Clostridium welchii Type D Antitoxin

(a) Test against Copenhagen test toxin P2
The same mixtures and tests were used as described in section 3 (a),

except that the International Reference Preparation of Type D Antitoxin
was used. The contents of one ampoule containing 1000 units of epsilon
antitoxin were dissolved in 5 ml of calcium gelatin saline.

The results of these tests, which are shown in Table V, lead to the
following conclusions:
Alpha antitoxin content of the International Reference Preparation of Clostridium welchii
Type D Antitoxin
By Lv test: 0.00714 ml of antitoxin contains 0.7 unit; i.e., the antitoxin contains 98 units

per ml.
By Lh test: the antitoxin contains 98 units per ml.
By L+ test: 0.00558 ml of antitoxin contains 0.5 unit; i.e., the antitoxin contains 90 units

per ml.

(b) Test against Wellcome test toxin AGX 1373
The test toxin solution was prepared as described in section 3 (b) and

the antitoxin was prepared as described in section 4 (a).
The results of these tests, which are shown in Table VI, lead to the

following conclusions:
Alpha antitoxin content of the International Reference Preparation of Clostridium welchii
Type D Antitoxin

By Lv test: 0.0080 ml of antitoxin contains 0.735 unit; i.e., the antitoxin contains
92 units per ml.

By Lh test: the antitoxin contains 92 units per ml.
By L+ test: 0.00575 ml of antitoxin contains 0.5 unit; i.e., the antitoxin contains 87 units

per ml.
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TABLE V. DETERMINATION OF ALPHA ANTITOXIN CONTENT OF
INTERNATIONAL REFERENCE PREPARATION OF CLOSTRIDIUM WELCHII

TYPE D ANTITOXIN WITH COPENHAGEN TEST TOXIN P2

ml ox original anti-
toxin mixed with
0.5 L+, or 0.7 Lv,

or 0.7 Lh
Lh reaction

+ 0,, 8

018

i 0/8

++t 8/8

+; -- 88

8/8

8/8

TABLE VI. DETERMINATION OF ALPHA ANTITOXIN CONTENT OF
INTERNATIONAL REFERENCE PREPARATION OF CLOSTRIDIUM WELCHII

TYPE D ANTITOXIN WITH WELLCOME TEST TOXIN AGX 1373

ml of original anti-

0.5 L+, or 0.735 Lv, Lv reaction Lh reaction Mice killed
or 0.735 Lh

0.0110

0.00986

0.00886

0.00800

0.00714

0.00643

0.00585

0.00529

0.0047l

0.00429

0.00386

0,18

0,8

318

8/8

8/8

8/8

8/8

Lv reaction Mice killed

0.0110

0.00986

0.00886

0.00800

0.00714

0.00643

0.00585

0.00529

0.00471

0.00429

0.00386

- -T--
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5. Summary of Results

A comparison of the results obtained in all tests is given in Tables
VII and VIII.

TABLE VIl. ALPHA ANTITOXIN CONTENT OF INTERNATIONAL REFERENCE
PREPARATION OF CLOSTRIDIUM WELCHII TYPE B ANTITOXIN *

Assayed against
Copenhagen
test toxin P2

Assayed against
Wellcome

test toxin AGX 1373

274

274

263

270

Mean of all tests 282

* Values per ml of antitoxin solution containing 5000 units of beta antitoxin per ml

TABLE VIII. ALPHA ANTITOXIN CONTENT OF INTERNATIONAL REFERENCE
PREPARATION OF CLOSTRIDIUM WELCHII TYPE D ANTITOXIN *

92

92

87

90

Mean of all tests 93

* Values per ml of antitoxin solution containing 1000 units of epsilon antitoxin per ml
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By Lv test

By Lh test

By L+ test

Mean

292

292

294

293

By Lv test

By Lh test

By L+ test

Mean

98

98

90

95
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RISUMI

Les auteurs ont determin6 la concentration en toxine alpha des Pr6parations inter-
nationales de Reference des Serums anti-Clostridium welchii B et D, qui servent de r6f6-
rence pour les serums antitoxiques beta et epsilon respectivement. Les s6rums anti-
Cl. welchii, types B et D, ont ete soumis aux essais par rapport a deux toxines d'epreuve
de Cl. welchii type A, dont les teneurs en toxine alpha avaient et6 etablies par comparaison
avec l'Etalon international de S6rum antitoxique alpha.

La toxine alpha est une lecithinase qui est letale, h6molytique, et capable de produire
un trouble lorsqu'elle est mise en incubation avec la l6cithovitelline dans une solution de
jaune d'euf. Trois methodes ont 6te employees pour determiner l'exces de toxine par
rapport A l'antitoxine: mort de la souris (test L+), h6molyse des globules rouges (test
Lh), trouble de la solution de jaune d'ceuf (test Lv).

La moyenne des resultats de toutes les epreuves indique que la Pr6paration interna-
tionale de Reference de Serum anti-Cl. welchii type B contient 282 unites antitoxiques
par ml et que la Preparation intemationale de Reference de Serum anti-Cl. welchii
type D contient 93 unites antitoxiques par ml.


