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SYNOPSIS

Three diphtheria toxoid preparations, fractionated at various
concentrations of ammonium sulfate, having various grades of
purity, and showing striking differences in immunizing potency
when compared at the same Lf dose, were examined for similarity
of the effective constituents in the fractions. No evidence of devia-
tions from parallelism of the dose-response regression lines was
observed; thus the statistical criteria for qualitative similarity
were satisfactorily met.

It has been reported in previous papers 3' 5 that diphtheria toxoid
fractions of lower solubility, when compared at the same Lf dose, evidently
have less immunizing potency than those of higher solubility, and that this
difference in potency between the fractions is possibly due to an intrinsic
property of the toxoid itself and not to some substances other than toxoid.
Other general properties of the fractions so far known are summarized in a
separate paper.4

The WHO Expert Committee on Biological Standardization at its
fifth session, held in December 1951 in Geneva, noted that the slopes of the
dose-response lines for plain diphtheria toxoids tended to become flatter
as the purity increased.

The present paper is concerned with the dose-response regression
lines for fractions of lower and higher solubility, having various grades
of purity and showing differences in immunizing potency when compared
at the same Lf dose. The purpose of the present experiments is directed
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towards examining the similarity of the effective constituent 2 in the frac-
tions, results of the diphtheria toxoid titration being expressed in relation
to one of the fractions arbitrarily selected as a standard.

Materials and Methods

Three diphtheria toxoid preparations fractionated at various concentra-
tions of ammonium sulfate, of which a brief description of the fractionation
and a few properties are given in table I, were used.

TABLE I. BRIEF DESCRIPTION OF SOME PROPERTIES
OF THE DIPHTHERIA TOXOID PREPARATIONS USED

Lot no. Fractionation mg PN/Lf

Concentration and purification with alum and cadmium
24-D chloride and then fractionation with ammonium sulfate 0.0005

between 30% and 60% saturation

21-g Concentration with alum and then precipitation at below 0.001330% saturation of ammonium sulfate

27-c Concentration with alum and then precipitation repeated 0006twice at 25% saturation with ammonium sulfate

Graded doses, expressed as Lf values, of these fractions were injected sub-
cutaneously into randomized groups of 6 guinea-pigs weighing 300-350 g.
Phosphate buffer containing 0.02% gelatin (pH 7.4) was used as diluent.3
Four weeks later, each animal was bled for antitoxin titration.

Antitoxin titration was carried out at LR/2,000 level of the toxin
PSSC-18 3 according to Jensen's rabbit method, somewhat modified.
Antitoxin titre less than 0.01 unit per ml was estimated on the basis of the
size of reactions at the sites of injection with the mixtures of the test
toxin dose and serum dilutions of 1:1, 1:2, and 1:5.

Results

The design of the experiment and the geometric mean of antitoxin
titre for each dose are summarized in table II.

Statistical analysis shows that the dose-response lines do not depart
significantly from linearity or from parallelism (see table III and Annex 1).
That is to say, the preparations behave as though they are qualitatively the
same in effective constituent, although actually, as there is striking difference
in the relation of the antigenicity in vivo to that in vitro, they may not
necessarily be the same.

The relative potencies of the toxoid preparations 21-g and 27-c, compared
with the preparation 24-D as the arbitrary reference, and the fiducial
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TABLE II. MEAN ANTITOXIN TITRE FOR EACH DOSE OF TOXOID INOCULATED

Lot no.

10 6

24-D 30 6

100 6

21 -g

Dose Number Geometric mean

inoculated of
Geometric mean

of
circulating antitoxin

0.068

0.17

0.59

6

6

6

6

3

0.0073

0.049

0.062

0.18

0.48

10

30

100

300

1,000

10 6 0.0014

30 6 0.0074

27-c 100 6 0.011

300 6 0.036

1,000 6 0.066

3,000 60.31

TABLE II. ANALYSIS OF VARIANCE

Nature of variation SS df MS

Preparations 11.2873 2 5.6437

Regression ..... . . . . . 31.0876 1 31.0876

Parallelism 0.022 2 0.011

Linearity . 0.1776 8 0.0222

Between doses. 42.5745 13 3.2745

Error (within doses) 3.2224 67 0.0481

Total 45.7969 80

limits of the relative potency, were calculated (see table IV and Annex 1).
With a degree of confidence expressed by the 95% probability level, the
preparation 21-g has a potency between 1/13.5 and 1/6.5 of 24-D, and
27-c between 1/104 and 1/47 of 24-D. Or, in other words, 135-65 Lf of
21-g and 1,040-470 Lf of 27-c are estimated to be equivalent to 10 Lf of
24-D, respectively.

Dose
inoculated

(U)

Number
of

animals
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TABLE IV. RELATIVE POTENCIES OF 21-g AND 27-c, COMPARED WITH 24-D,
AND THEIR FIDUCIAL LIMITS

Lot no. M V(M) Relative Fiducial limitspotency

21 -g 1.0227 0.0064 0.105 0.074-0.155

27-c 2.1525 0.0071 0.0142 0.0096-0.0209

Annex 1

STATISTICAL ANALYSIS OF RESULTS *

Lot no. N k S (x) S (y) S (xx) S (yy) S (xy)

24-D 18 3 -18 40.924 3.0000 2.9970 2.7965
21-g 27 5 - 3 47.539 11.6668 10.2404 9.8279
27-c 36 6 9 47.375 26.2500 21.2794 23.0408

81 14 -12 135.838 40.9168 34.5168 35.6652

b= ES(xy)/ES(xx)= 35.6652/40.9168= 0.872
g = t2s2/b2S(xx) = 22 x 0.0481/(0.872)2 x 40.9168 <0.01

Since g is small, the equation

V(M) = s 1 _ ±(M-XS + Xt)2'b2 Ns Nt £S(xx)
has been used for the variance of M.
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RESUME'

Les travaux anterieurs des auteurs ont montre que les fractions peu solubles de l'ana-
toxine diphterique ont un pouvoir immunisant inferieur a celui des fractions plus solubles
- la comparaison etant effectuee a la meme Lf - et que cette difference d'activit6 entre
les fractions pourrait etre due a une propriete intrinseque de l'anatoxine et non a la pre-
sence de substances etrangeres.

Il a ete mentionne d'autre part, dans le rapport de la cinquieme session du Comit6
d'experts pour la Standardisation biologique que les droites dose-reponse ont une incli-
naison de plus en plus faible A mesure que la purete de l'anatoxine augmente.

* The symbols used are after Finney.'



DOSE-RESPONSE LINES FOR VARIOUS DIPHTHERIA TOXOIDS 987

Le present article a pour objet l'etude comparative des lignes de regression dose-.
reponse relatives a trois fractions ayant divers degres de solubilite faible et de purete
et presentant des differences dans leur pouvoir immunisant. Les resultats des titrages
de l'anatoxine ont ete exprimes en fonction de l'une des fractions, choisie arbitrairement
comme etalon.

L'analyse statistique des resultats a montr6 que les courbes dose-reponse ne s'ecartent
pas de fagon significative de la ligne droite et qu'elles restent paralleles les unes aux
autres. C'est dire que ces anatoxines paraissent contenir les memes substances actives
dans l'immunisation. Pourtant, les diff6rences considerables observ6es entre l'anti-
genicit6 in vitro et in vivo suggerent que ces substances pourraient n'etre pas identiques.
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