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SENSITIZING ACTIVITY OF THE DIPHTHERIAL
TOXOID COMPONENTS

N. P. Perepcechkina and ¢. V. Protasova

Moscow Institute o, Vaccines and Sera
im. Mechnlkov (Reccived 20 December 1970)

Immunization with diphtherial toxoid often causes increased
sensitivity which 1s manifested by repeated injections of this
preparation (Roshkovskaya, 1949; Papp.nhelmer, 1955; Apanashchenko
and Nekhotersva 1955; Frolova, 1966, et al.). The diphtherial
preparations used in practlce are a complex mixture of hetercogeneous
components with respect to the antigenic and physicochemical
propejtics of the components. In examining the extensive literature
pert.ining to the so-called sensitlaling activity of diphtherial
toxold woe ald net find any uata dealing with the relative partlol-
patlon of thu varlious components of this preparation during the
development of increased sensitivity to Lt. As 1is known, during
the purificavlon ot the vacclne preparation, researchers strive
to eliminate the "bullast" luwpurities in order te inereasc Lhe
lmmunogenic property and Jdeccease the allergen property of the

vaceline,

Barlier, we experimentally andlyded the {mmunogenic property
of various components [ the diphtheriul toxeid Perepechkin , 1971).
In this work we present the study results for the ascenslitising
activity of the same components,
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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 toxecid in the phase of partial detoxification. The
molecularly homogeneous toxold 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 (beak I, G-75) from the ncenfloccula-
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.

[ TR N TR I B 'Nunk
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KEY: (a) Pr;paration (b) Yield, in %;(c) Sedimentation
coefficlient;(d) Immunodifrusion analyuia with antisera;
(e) floceulatin (f) monozonal; (g) anti-microbial; (h)
Total nitrogen %1n %);(1) Degree of purification (in
LT per 1 mg of nitrogon) (J) Immunologlcal level (in
1U/1 mg of nitrogen);(k) Initial Peak I = G-75, Peak

Il « G~7Y, Fractiohs G-200 ls%, 2nd, 3rd.

Imunodi ffusion was sccomplished Ly wmeans of the horse anti-
toxin antidiphtherie flocculating sera produced by the Moscow

Institute of Vaccines and Jera, im. Mechnikov, monrozonal antitoxin

sera produced by the Paris Institute of Sera and Vaccelnes and
Sofiyskiy Institute of Microblology and bpddemiology and by the
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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 micrometnod. 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 niftrogen was
determined. Gulnea 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
units (1.2 and 4 IU). The mice were sensitized with ind.vidual
fractions in doses of 0.125, 1.25 and 12.5 mg of nitrogen. The test
gul..ea pigs received the initial toxold intravenecusly in the amount
of 40 mg of nitrogen. The intensity of the anaphylactie shock was
determined by the six-point system, deriving the average index
according to Welgle (1960). To evaluate the intensity of veaction
of the Arthus type, on the T7th and 18th day after sensitization the
mlice received the basic preparation in a dose of 20 ug of nitrogen
in *he amount of 0.0% ml in the right half of the upper lip (inter-~.
lip test) and the intensity of the reaction was determined alter
1, 6, 24, and 48 htours using the six-point system (Freund and Stone,
11956). ' ' '

_ in studying the inereased sensitivity of the delayed type the

:guinea plgs were fmmunized in the pulvillil of the extremities with
different fractions of the toxold in a dose of 0.5-1 ug of nitrogen
in the tot:l Freund's adfuvant, skin reactlons were marked for the

5, 7, 10, and luth days. When evaluating the reaction the diameter

~of the skin redness was mulviplied by the thickness of the skin
fold (inrmillimeters). Tie reaction Lo u physiologleal sa;ution_
was used as the control. In a group of animals the avarage SRACL Ll
index .showed by how many times the- response to the toxold exceeded
FID=H1-23-409-74 3




that to physiological solution. Maximum skir reactions were observed
on the 7-10th day after being sensitized with 1 ug of nitrogen of

the initial preparation (see the figure); thus, during this period an
autopsy was performed cn some of the animals to determine the migra-
tlon 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 (1964)
modified by Protasova and co-authors (1966). The guinea pigs were
sensitized with 1 ug of nitrogen of the initial toxold and its frac-
tions in a complete Freund's adjuvant. Each group consisted of 6-7
animtls weighing 290-300 g.

Fig. Dynamics of hypersensitivity
of the delayed type (skin test)
developed In guinea pigs in respoanse
Lo the injection of the initial 24
hours after the resolution,
Conditional units are pleotted along
the axis of ordinates; the day after
the senaitization - along the axls
~of absclssas. Response to 16 ug
of nltrogen of the resolution anti-
" gen: 1 - Intaet animals; 2 - sensi-
s 7 g tized with 1 ug of nlirogen; 3 - sen-.
_ o sltized with €.% ug of nitrogen.. '
Respanse to 1.8 ug of nitrogen of the resclutleon antigen; & - -~
Intact Snimals; 5 =~ sensitised to i ug of nitrogen; 6 - sensitized

N e by g

“with 0.1 ug of nitrogen.

The vxudate was washed cut with Hank's 3@&&&1@5 contatning heparin
T2 h arfter the intragé*itnn@ai ie'ﬁz injection of &7 peptone wizh_-rf
giycogen (1 mg/mi). 1V conwisted of mucrephages (70-80%), Eymph@cytes
(4-5%), and neutrugniiie-granuéacytes (S0=258). Gidss eapillaries '

Cwere filled with shis ceil su. penslon and placed into the do. 199

medlum with varled toxoid content. These were gultured for 24 h

abt 37°, The ratio of the ares of cell migration in the test cultures
(with'*hé_toxoid} to Lhat of cell migration in the controel cultutes
(without Lhe toxold) muiliplied by 100 served ng the percent index

‘of' the migration Inhibition, which we accepted as ihe quanhtlitative

gharactertatie of nereased sensitivily of the delaved type,




Mean an:phylactic shock indices in guinea pigs of the various
groups which were sensitized with various doses of preparations
which varied in theilr content of nitrogen and immunization units
have shown (Table 2) that the sensitization of the animals with
the toxoid pre; urations balanced with respect to nitrogen content
of the 1, 2, 3, and 4 series have caused the development of increased
hypersensitility of the immediate type of the similar level in-
dependently of the physicochemical propertles of the preparation.
When the sensitizing dose was ‘balanced with respect to the immuno-
genic level (series 5, 6, and 7) the animals received different
doses of toxold preparations with respect to nitrogen. From the
determination results of antitoxic activity (after Jehsen) of
sera of the animals immunized with the same deses of toxold preparé—
tions in parallel tests it follows (see Table 2) that among the
guinea pigs sensitized with 2 IU of the toxold preparations (series
6) the animals which received the 3nd fraction of G-200 had a low
antiphiylactle index of 2.2 (the deviation f{rom the other groups of
this series is reliable when P < 0.01) durlng a high antitoxic
-PQSQﬁﬂSQ (0.06-0.12 AUAmE) [AU = antitoxie units). Conseguently
we can assume that in the tes ta on this series the G-200 fraction
has a lower sensltizi ing effect during ihe immunogendc 1@Vé1 which
- Was on the parfwith 34 ﬁe.,preﬂaratiOﬁs.

Table 2.  Average indices of anaphylactie shoek in
gulnea plgs ~ensitlzed wi*b’v&bi@hs pre?aratiﬁﬂu
of ﬁ&ﬁﬁbﬂﬁ?iu& toxin.
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KEY: {a) Test serivs;{n) Jensitiviog dowe;{¢) Number
of animala;{d} AVQrage 1ndey durlng Lbc}ﬁmmunixati@n
with the preparatlons;{e) by the initial;(r) h% %omk
1, G-79,{g) By the fractlons G- @O 3L, Jud, 3

() an%it@gi i ctivity of sern of the imdutiizéd” ygbn
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‘3ta§e did not demonatrate any sen

The Arthus-type response of similar intensity was observed in
mice immunized with these preparations of toxold 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 1l-6 h after the injection of the
test antigen.

The results of quantitative analysis of the hypersensibility
of the delayed type to the various diptherial toxold components
with the ald of the speclific Inhlbition response of migration of
the peritoneal exudate cell from the sensitlzed gulnea plgs (Table
3) have shown the following: when comparing peak I (flocculating
component) with the initial toxold with respect to the response of
the cells to the dilution of the toxoid (1:20,000) the guinea pligs
sensitized with the preparation of peak I proved to be less sensi-
ive to the antigen than the animals which jecelved the initial

toxoid {the difference is valid when P <« 0.01). <Cells of guinea
plgs sensitized with more ilmmunegenie fracrions proved to be in-

sensitive to the toxeld (the difference {rom those nolt sensitized
ts unreliable; P » 0.05). Consequently, the delayed~type increased
response 1o the dipﬁtherial toxold revealed by us &alied for the

o

injection of the initia } preparstien -t tee floceulating ccngon@n'

at the time uhen the frastlons charact erizeé by the lhadiogenis
3

1% aiwg gebivity, The second
+
¥

Fracticn of the §=200 {seve Table 1) had a sedimentation cvefliclent .
@f 8.2 &, cinvaived a mixture of antigens of the m erobial c*-l,

.
P
and coneen. saued within dtsell a ?igh tssaunogenice activiyy {35

ar

e
MJ/
Pt
B

x‘:

.

Soper 1 omg of hj)* shils Praction d1d noet cause any con iﬁé”aex@

sensitivisy tn the terts fop istarmanirg the 5;@??S€ﬁaihi&i§” of

e Amméﬁigze-duﬁgfeu '“pes‘ CEvidently, this fractlen wis a fortunite

combination of the defense and adjuvant {microbisni) fagbors which,

by stimulating the  Cformabtlon of the toxlclity-neulrollzlng sntlibordles,

did not ellelt an -wzchsv'ﬁyntﬁesis of “allerglie" antlbodies. On

the contrary, the initial soxoid and its peaw I CQN*Q*H@& condider-

able amounts of wdarubiad &ﬂ&ag@ﬂv which, In our @pin o, 3et as the
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adjuvants with che cdevelopment of an ircreased 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-mclecular admixtures
of bacterial origin in the preparations of diphtherial toxoid can
faci'itate the development of hypersensibility by interacting with
the membrane receptors which are responcive 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 guilnea
pigs sensitized with different
preparaticns of the diptherial

toxoid.
) ( ) Cpueasitd oD U HT MRrPaiiim
’" 8. N0 epaniin 3 ¢ HoMTPLACN
re e 1T, HCNATL INDAH - P Pa AN P i (EHIAX
Hiod 200 Ceusnbiansallitn h ) HEXOIHOTO S HaT AN
1:200 | 1:2000 | 1:20000
3l;‘v.':.-n.-gxca)mruxcuu 59,0 ‘ 0 68
U nex 1273 : 64,0 82 10
Gkt 1200
1 51,0 70 76
2.8 99,5 102 120
Sest 100,0 15 107
Kol poa, — neuswys 99,0 104 107
WHIPLBIRHLE

KL7: (a) Preparation used for
sensitization: (b) Mean percent

of migration as compared to the
control group with varied dilutions
of the initial toxoid; (c¢) Initial
toxold Peak I of G-75 Fractions
G-200 lst 2nd 3rd Contrel Group
(not immunized).
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Conclusions:

lQ

A1} proctein components of the diphtherial toxold are

capable of causing hypersensibllity of the immedlate type.

o

oo

of G-200 with equal immunogenic level had the lowest sensitizing
activity.

3.

development of the delayed-type increased response to the diphtherial

toxoid.,

Amcng the diphtherlal toxoid components the 2nd fractlon

Admixtures of corynebacterial origin focilitated the
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