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SENS IT IZING ACTIVITY OF THE DIPHTHERIAL

TOXOID COMPONENTS

N. P. Puepechkina and 0. V. Protasova

Moscow Institute uo Vaccines and Sera

Im. Mechnikov (Reccived 20 December 1970)

Immunization with diphtheria! toxoid often causes increased

sensitivity which Is manifested by repeated injections of this
preparation (Roshkovskaya, 19 49 ; Papv ,nheimer, 1955; Apanashchenko

and Nekhoter~lva 1955; Prolova, 1966, et al.). The diphtherial

preparations used in practicu are a complex mixture of heterogeneous

coniponeut., with respect to thle antigenic and phyaicochemical

propvtic6 of thle c;omponents. In examlning thle extensive literature

pertIn Ani n to the zo-called aensitizing acti vity of diphtherial
toxoid 'o lI no~t find any u.ata dealing with the relative par.IWA.-

pation of' th various components of' this preparation during thle

development of inirea-ed sensitivity to It. As is known, during

the purifib. ,on ul' the vaccine preparation,* researchers strive

to eliminate thle "bullast" Impurities in order to inrvaf:.; the

Immunogenic prop'orlb, and doe. ase Ole allergon property of thle

vaccine.

1-EArlier we expe rimentallNy a' yodthe Immunog;eni c propurty

of* various componient, V' thle kiphtheriai1 toxoid Perepeehkin, 1971).

In this work wt. preQsent the study resiuILL frt the mst~ii

activity of' the .am0111ponentsl.



Purified concentrated diphtherial toxoid (235 Lf/mZ) of the

No. 127 series was used as the basic preparation (Institute of

Vaccines and Sera im. Mechnikov), obtained from a culture of C.

diphtheria of the PW-8 strain, Massachusetts, on the Pop-Lingud

media and toxoid in the phase of partial detoxification. The

molecularly homogeneous toxoid components were separated by two-

stage gel-chromatography on the G-75 and G-200 sephadexes. Gel-

filtration on the G-75 sephadex enabled us to separate the

flocculating toxoid components (peak I, G-75) from the nonfloccula-

ting (peak II, G-75). The flocculating component on the G-200

sephadex was divided into 3 fractions with different physicochemical

characteristics (Table 1).

Table 1. Characteristic of the diphtherial fractions.

a~. 43 rIkC..~.Kh ) (1i) 0j)
i ~(a) (b (o,,,Id) P"",IX c" I i )  (J

B" U x a t:4,: : _ OISU .. 10 C e . ,',o

(ktkci oo + + + 1518 1 4 N 1000
s1",5 + 4- + 14 2000 1810

tvg r7. 20 0,7-,- 3¢.p.),nt 1F.."0
1.11 14 .7,7 + + + 14 475 11fit
2.1 Is 5,2 + + + It 2200 3333
3-n11 4.2 +. + - 16.5 2300 2500

KEY: (a) Preparation;(b) Yield, in %;() Sedimentation
coefficieit;(d) Immuniodiffusion analysis with antisera;
,()'flocculating, (f) monozonal, (g) anti-microbial; (h)
Total nitrogen (it %);(I) Degree of purification (in
Lf per 1 mg of nitrogen);(J) Immunological level (in
IU/1 mg of nitrogen);(k) Initial Peak I - G-75, Peak
11 - 0-75, Fractions 0-200 lst4 2nd, 3'd.

IfitutAuditffusion was accomplished by tieans of the horse anti-

toxin antidiphther'ic flocculating sera produced by the Moscow

Institute of Vaccines ana ;1era, im. Mechnikov, |nonoo aO l antitoxin

sera ,roduccd by the Paris Institute of Sera and Vaccines and

Sofiyskiy lIntitute of Microbkology and emi4lgy a:.d by tlw

Rproduced ro &M
best vaa6e copy.

I'eiD-1T-2i-4O9-74



antisera, against whole microbe cells of C. diphtheria, given to us
with compliments by doctor N. I. Apanashchenko. The total nitrogen
content was determined using the Keldal micrometiod. The immunogenic
level of the fractions, as was reported earlier (Poperechkina 1971),
was determined in the tests on active defense of guinea pigs as
compared with the reference preparation of the State Control Institute
and the content of immunological units (IU) per 1 mg of nitrogen was
determined. Guinea pigs weighing 250-300 g and white mice weighing

12-14 g were sensitized with these preparations.

To study the increased sensitivity of the immediate type, the
preparations were introduced once under the skin, having sorbed them
on aluminum hydroxide. Different groups of guinea pigs received this
and its fractions in doses which varied in their nitrogen content

(0.5-0.6, 0.8-1, 2.6-3 and 4 mg and the quantity of immunization
uniis (1.2 and 4 Iu). The mice were sensitized with ind.,vidual

fractions in doses of 0.125, 1.25 and 12.5 mng of nitrogen. The test
guiea pigs received the Initial toxoid intraveneously in the W-lount
of 40 mg of nitrogen. The intensity of the anaphylactic shock was
determined by the six-point -system, deriving the average inlex
according to Weigle (1960). To evaluate the intensity of react*oil
of the Arthus type, on the 7th and 18th day after sensitilation the.
mice received the basic preparation in a (Jose Of 20 PSg of ni trogen
in #-he amount of 0.05 wtl in the right half' of' the upper- lip (inte"-
lip test) and the intensity of the reaction was determined after
1, 6, 24,. and 48 hours. uaing the six-point isystein (F~reund and 8.otie,
1956).

i n udyit ng t~h lnereased sensitivity of' the delayed type the
* guinc-a pigs wer'e imunized in the p Aivll of the extremities with
* diffe~rent fractions of the toxoid. in a doso of U.5-1 Vig of nitrogen

in the tot:l fereund 's adjuvant, Oin rumtcuionz; w- re marked for the
5, 7, 10t arid 14th days. When evaluating the reaction the diameterl

* of the skin rednea* wa3 tnultiplied by the UIcki -s of tho skin
fold (in tllimeterj). Tite re,,action to a physiological solution.
was used as the control. In a group of' aninals thO UVeragt4 41aL

Index -showed by how mny titmeS the 1*esponsu to thle toxoid. exc~eeded

* f~l)-IiT-23-i409-7LI 3



that to physiological solution. Maximum skin reactions were observed

on the 7-10th day after being sensitized with 1 p~g of nitrogen of

the initial preparation (see the figure); thus, during this period an
autopsy was performed on some of the animals to determine the migra-

tion inhibition response of the cells of the peritoneal exudate. The
increased sensitivity of the delayed type was determined by this

response according to the method of David and co-authors (1964J)

modified by Protasova and co-authors (1966). The guinea pigs were

sensitized with 1 vig of nitrogen of the initial toxoid and its frac-

tiuris in a complete Freund's adjuvant. Each group consisted of 6-7
anirp,.Is weighing 290-300 g.

Fig. Dynamics of hypersensitivity
10- of the delayed type (skin test)
$ developed in guinea pigs in response
8 / Li t. the injection of the initial 2i4
7 / hours after the resolution.

~ V . Conditional units are plotted along
I ~..*. \the axis of ordinate-s; the day after

4 the sensitizalvon - along the axis
of' abSaissas. iesponse to 16 11r

4 of' nitrogen of the rusolution anti-
Sger; I intact animalu; 2 -esl

4, ~siti-.ed with V05o,0 ntve~ .6~of nitrogen o h

With 0.1 Lg OT nitrogen. ~ ::
The .:udpte was wa;;hed out%, with Hanks jol~utIon 'ontali .~ h p rin

.12 h alto he Int 1'i."olleal 10 Z~ injection of 1w eto~~t

glycoge~n (I in ) of.ite ~ e (-O)
(~35s) :CAId ea~l~

Wert filled W1,t0 ,-el~t~l IU'PrsIn"n lce note 9

mediukm With varied koxcid cnet hs eeCluo o 1
S370. ThIle r-atio o-f the area cVf cell mig~rtion In thi; test cultutlrt

(with ~)~txi)to that of cell midgration In the Control Cultureo

(without th,. toxold) mult1plied by 100 3trved ao the pereent idex

of thW' migratIon Iii~ibition, which we aicete n thle Platitative

x~:t~. tic of ! ii rea ~ty sebi~ i : C tile



Mean ariphylactic sh:ack indices in guinea pigs of the various

groups which were sensitized with various doses of preparationS

which varied in their content of nitrogen and immunization units

have shown (Table 2) that the sensitization of the animals with

the toxoid pre, airatlions balanced with respect to nitrogen content

of the 1, 2, 3, and 4 series have caused the development of increased

hypersensibility of the immediate type of the similar level in-

dependently of the pnysicochemica. properties of the preparation.

When the senisitizinig dose was-balanced with respect to the immuno-

genic level (series 5, 6, and 7) the avimn;Ia received different

doses of toxoid preparations with respect to nitrogen. From the

determination results of antitoxic activity (after Jensen) of

sera of the animals iiunized with the s ame doses of toxoid prepara-
tions in parallel test. ; it follows (see Table 2) thiat among the
guinea pigs snziti~ed with 2 1U of the toxoid preparations (serieu

6) the animals which renelvpd the.3nd fraiction Uf U-200 had a low
anplhY lo t .. index of .2(the dev.1ation from the other group* of
thid serivu. Is reliable when .1 < 0.01) during a high antitoxic
response (0,Q6-0.12 AU/l) EAU antitoxic "nlts]. Consequen tly
we i..an assum~e that ir, the tests on thiaserles the 0-200 fration
has a. lower s ew'itizlng effect durinC the, irnuunogellic level which
-Was On. the par wlth 0010r, Proarations.

.be & A ragke indives Of ha~ti hock Ii,
G Alne .i6a resitized With varlous Iremrationa
of d-i5,th-1- toxin.

I al 1. Axt

M~~b~E V

4______ 4. 4 .4 dh Z 0.4

1d Y B1 1" t ic r ivaa..d.) A' i n l I -lg _Aze 0 N m e
t~~ ht u*&o. I Ia t I On.

W~ith tet 4t i * 'lig entl(f) 1 y P.ber
.1 'a-75 () 13 te,~ ne drn h

Aniloxfi; activity or zer:.4 ihe n 2 P.
inAu/m).



The Arthus-type response of similar intensity was observed in

mice immunized with these preparations of toxoid in doses balanced

with respect to nitrogen content. On the 18th day of sensitization

the intralip test was more intense than on the 7th and occurred

quite rapidly with maximum edema i-6 h after the injection of the

test antigen.

The results of quantitative analysis of the hypersensibility

of the delayed type to the vario.us diptherial toxoid components

with the aid of the specific inhibition response of migration of

the peritoneal exudate cell from the sensitized guinea pigs (Table

3) have shown the following: when comparing peak I (flocculating

component) with the initial toxoid v:ith respect. to the response of

the cells to the dilution of the toxoid (1:20,000) the guinea pigs

sensitized with the preparation of' peak I proved to be less sensi-

tive to the antigen than the animals which receiv'd the initial

toxoid (the difference is valld when F < 0.01). Colls of guinea

pigs sensItized with more i,,unogenic fracions proved to be in-

svnnItive to the toxoid (the difference from thoste not Uensitized

is unreliable: P > 0.05). Co00nsequently, the- delaiyed-type increased

response to the dipht-hrial toxoid revealed by us ealied for the
Inj n of the inta reparat,10' ;' ,-j f locculating Compoeen

at the Itime when the feractions characterisoad by4, the low. n~I c

-tate. 1d Jeonstrate any t'.. a C tivit. The second

!frctc: C f 0m 00 (SteT leIh a sodimenat,2:6 odt"' Lc4 t

o0 5 l, X t ~tur"e of alti4&casi Of thL Mi191ia 0el

n vcn&atLed within ltua'ok -a I AM iaU 9fli activt SjSi

Por I ~of N:,,. %his fr1%acation -did naot ca~uaw ally Conslderable
?6

• s,. tlt,. in l the .es fo detrm n , -the wrmib.ll ,,ty of

tp!m ied late i e yp. vdti, hitm Iowa a ortunille
coumbination Of th4 defensle si4A adjuvant (mcrba wl tora Which,
by at1mulating th o mt~ o h'it-t ing, wntlb; ij,

di~d not elicit aln 1 inte k ynthesis o "allergic" 'antibodies3. oil

t he contruryt, the Initial toxoid a114 Ito vak otie osdr

a -ble Azeounto of' zicrobial antigvnZA UP4i1,1 In Our opno 1 act a s the A



adjuvants with Ghe d. velopment of an increased response to the

diphtherial toxoid. This point of view is in agreement with the

data on the sensitizing activity of the toxigenic diphtherial

bacteria themselves (Uhr and co-authors, 1957) and the adjuvant

effect of their cell walls (Bulk, 1969). Large-molecular admixtures

of bacterial origin in the preparations of diphtherial toxoid can

facilitate the development of hypersensibility by interacting with

the membrane receptors which are responsive to the lymphocyte

antigen. Such interaction of large molecules with the receptor,

according to the Smithies and Fisher hypothesis (in: Wallach and

Fisher, 1970) occurs at a lower energy level than the bonding of

the low-molecule antigens.

Table 3. Inhibition in the migra-

tion of exudate cells of guinea
pigs sensitized with different

preparations ef the diptherial
toxoid.

(a) no

libll~~~~~ ,:'L I II .00 IIjJIII 1|X) I.:* II " 'II

I T. SI 1111 IIIJH n H ia o ;,.. , , e11

1.ii 51,0 76 702-1 00 19200 1 20
00,0 6 !07

3 .99,0 10 107
,9, 101 . y 107

KLI: (a) Preparation used for
sensitizationz (b) Mean percent
of migration as compared to the
control group with varied dilutions
of the initial toxoid; (c) Initial
toxoid Peak I of G-75 Fractions
G-200 1st 2nd 3rd Control Group
(not immunized).
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Conclusions:

1. All protein compconents of the diphtherial toxoid are

capable of causing hypersensibility of the immnediate type.

2. Among the diphtherial toxoiLd components the 2nd fraction

of G-200 with equal immunogenic level ha~d the lowest sensitizing

activity.

3. Admixtures of corynebacterial origin facilitated the

developmen~t of the delayed-type increased response to the diphtherial

toxoid.
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