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-Foio.;ing is i -e translation of an article by
i4 .,ooasov4 and Yu. 4-. ] ilimonova, Rostov on the

Don ,.nti21 sue Znstitute (Dir. - 'rof. i. V. Doiaa-
rL.dskiy), published in the iiussLan-language period-
ical B-,.ull. , 31o1. i'ed. (bulletin of .;xper-
imental .iology and ,edicine, 65(2), 1968, pages
83--86. (it was submittcd on 25 ivay 1965 and pre-
sented by active memaber of the ;JAN USR N. N.
Zhukov-Ve re zhn ikov.)J

A single administration of fraction 1 of the plague micr~be
on complete Freund deponent 2 days prior to infection with a v.ru-
lent culture of plague causative agent protected some of the
white mice from death.

The wave-like (cyclic) nature of resistance to experimen'al
plague and its intensity correlated with the dynamics of the a t
bodies detected in the serum. I

The mechanism ol- im,.nity in plague and the role of indi"idual
antigens in the creation of specific non-susceptibility have bjen
studied intensively in many countries. Significart progress in this
area has been achieved due to investigations which made it pos ible
to establia the nature and value of the capsular substance# t e
so-called fr4ction 1 (Fl). ?roof has been obtained that the p e-
ventive properties of sex-wum, rove-led w-ith the help of the tes of
passive protection of mice, are caused by the presence of anti odies
to Fl in it. Rosistance in animals which had been inxiunized o
which hid endured infection also correlates with the level of riti-
bodies to Fl in tneir serums it is doubtless that other antigens
of tne plague microbe take part in the formation of antibacterial
and antitoxic immunity. However, a high content of antibodies only
to fraction 1 is capable of ensuring resistance to large doses of
virulent causative agent.

The aim of this work was a comparison of the dynamics of
serological indices in white mice which had been inoculated on
time with F1 witn the dynamics of their resis %noe to experime tal
p1i~gue.
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x~erimental ,.othods

urified preparation of 11 waL obtained from the water-Laline
extraL.t of a mass of bacturia by tho 3eyker .iothod of saltingi out
wi.h anunoniua sulfate (at 0.---0.3 saturation) witia suosOqueht
multiple reprecipitation. This preparation producod on.e linp of
precipitation in cel against aglutinating antiplaaue seruw. ;The
activity of Fl in the antibody neutrulization reactLon (A-1) Oom-
prised 0.001 jkg in 0.2 ml. The dose for imrunization of one
mouse equaled20/Ag, or 20,000 minimal neutrulizing doscs (
The antigen in a physiological solution of sodium chloride or i in
complete Freund deponent was admainistered into the underside Of
the rear extremities on the basis of 0.05 ml, containing l0,t.
of Fl, in each paw.

Serological investLgations were conducted with. the helpi of
a stable diagnostic agent of high sensitivity - 2.b'o suspension of
formalinized tannin-treated sheep erythrocytes, charged with P1,
in a 10% solution of formalin Z31. -All the tests were set up I with
series of diagnostic agent of the same activity in respect toe the
agglutinating serum of tie % ikrob" institute (series 69). The
titer of this serum in the passive hemagglutination reaction (dc )
equaled 1:1,280,000.

The content of antigen and antibodies in the blood serufa was
determined in water-saline extracts of tissues from the site of
administration of the antigen. After the taking of blood the mice
were perfused with warm physiological solution (20--25 ml for each
animal) through the major circulatory system. Sevored paws Oere
weighed and ground with a small amount of sand and a 10% solujtion
was prepared. After centrifuging and heating at 560 for 30 minutes
the water-saline extract was filtered through paper and absorboed
by sheep erythrocytes. The sera which was absorbed by sheep eryth-
rocytes and the treated extracts were tested in the iA and the Ai R.
Specificity of the results obtained in the PiM was controlled wih
the help of the hemagglutination inhibition reaction (1R) with
8--16 L;E'D of antigen.

The resistarnce of the white mice was checked by infect on with
the virulent strain No 1300 of the dlague causative agent. Uniform-
4ty of conditiors of wnfection vas ensured by the use of one gener-
ation of microbes, incubated on solid medium with casein hydrolyzate.
"fter a 48-hour incubation at 280 the inoculation was stored in ta1e
cold for the entire test. Subcultures for infection were seeded
off every 2 days onto solid medium of the same series. Tonfold
dilutions of a 2-day culture of rxiicrobes w;ore prepared on Ph siolo5 -
ioal solution. The number of live cells in tie prepared sus ensions
was determined by the results of inoculation on plates. For Infeo-
tion the corresponding suspensions of microbes in a volume o70.2
=l were administered subcutaneously to the white m ice.
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The '.to .ice "r ii .inzeu wtn ,'I on co=iiieto iround
dolonent La on ;.aysioloic2l solution (60 and 200 ainas r 'spec-
tiv&ly). [oresponding groups of animals (control) received de-
ponent or pnysiological solution.

I'L esults of -Lx.elot

Of the animals which ncro inoculated with F1 on deoponent 3
nice we,re sacrificed each d..y. The content of antigen in their sera
.nd xcz;racts from tissues from the site of administration are shown
an foure 3.. WThe curves are constructed on average geometric'
tIters. In tnis test Fl ceased to be reve-led in the serum o4'
nice already in 2 days. On the 8th day antibodies were detec~ed,
tle t-ter of waich reached its hignest jndex on the lOtn,day. But
on the llth and 12th days antiboaies were not detected in the sorun.
On the 13th day they again started to be determined.

SFigure

4--

Fi-uro 1. Dynamics in the content of antigen and antibodies ,n the
blood and tissue extracts from the site of administration on mioe
which had been inoculated with Fl on deponent.
I - curve of average concentr~tions of antigen in tissue Lx-.rLets
from the site of administrution (1 d,D - miniaure neutralizing do se);
2 - twne sa:,e in serum; 3 -curve of average concentratilA4 of anti-
bodies In ti-e seri= (SU -serum units). The horizontal dotted line

! is t.,e level of reading.,
Key: (a) 1l, of ,Z)D or SU; (b) days.

i There !.s considerable interest in the dynamics of residence ot anti-
!I sen in te t.'s~ues from the site of Ld;Anistration, A high low . of
i antigen in oxtracta was preserved &*or ta~e first e d .ys after mrani-
I nation. The niticeable lowering, of _'tP concentration coinoidod

wi'ta tae t. mo of a,,pearanoe of antibodies in tae serum, In t~e
p"eriod of tne highest level of antibodies in the serum the activity

I of tissue extracts from 'the s.iAte of a&%: nistration in the i lvias
reduced to 0 . i ith tho "disappetkranco" _f antibodies from th$
sor~un t.iere wias a coincident "new" increa.se in the concentration
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of antige n tisue oxtracts fro mr tne s.oi of ' it r a "- o lie

antibodies which apInetred. i te s,. ui i on tae 13ta-i-th day es if
lowerod tlie level of Lxntig- ( t .o site of adminis-..,tion.

The-L inpression is created th1t i- mice whicn "ve been ivmiu-
nized one t.i.me with capsular ant, ;-on of t±2e plague microbe the
dynamics of res.dence of antigon ana antibodies in tio blood lnd
tissue extracts from the site of a&-iinis.ratio,1 have a cyclic
nature. hd8 observed a similar regularity on other laborator , ani-
mals which were inoculated with 2l on deponent (wzite rats, guinea
pigs, golden Aamsters, ana ra.ats3. dcpcndoac .as :'vc~Jcd
between the species of animals, dose of antigen, and nature f tile
cycles - number of waves, their duration, and fluctuatio-s ir the
level of antigen and antibodies. Statistically reliable, x es Its
of tests, demonstrating the cyclic nature of tne primary irmiunolog-
icalwreaction in white miceare described in the literature '-7.
The wave-like nature of the dynamics of antigen and ~.ntibodiaes
clearly reflected the dynamics of a plasmocytic reaction.

Alternation of periods, when antigen is detected, with "waves"
of free antibodies apparently takes plac.e due to the depot s ate
of the antigen. Initially its presencE. in the blood causes
"start-up" of tne mechanism of formation of antibodies and allocal
reaction in the form of hyperemia and inflammation. The ant ibodies
which appear form neutral con.plexes with the antigen which hk s been
released from the deponent. Only with a surplus of one of the con-
ponents - antigen or antibodies - is it possible to detect iI.
Periods when neither antigen nor antibodies are revealed posibly
set in when there is an equivalence of their ratio in the organism
and neutralization of antigen by anti odies.

The dynamics of resistance to experimental plague were studied
in parallel on uniform groups of test (immunized) and control ani-
mals. The intervals between infecions were short - 483-72 hours.
In each period the mice were infected with ten-fold increasing
doses - from 1 to 10,000 microbial cells (6 mice from a group for
each dose). The results obtained were treated statistically4 The
indices of resistance are expressed ir logarithms of LD5 0, ,-d
standard deviations were calculated by te method of ,s,-mari4.
in Fig. 2 it can be seen that the administration of 20 ;g of Fl
on physiological solution considorably increased resistance 4o
infection and in a relatively late period - in 9-13 days after
immnization. However, the same dose of antigen on deponent
changed the sensitivity of the animals to a virulent causati e agent.
Already in 2 days .after immunization the mice of tiie test gr ups
tun-i-d out to be more ?rotected than the control groups whic re-
seived the deponent without antigen. Resistne increased u to
the 11th day. On the 14th-lbth day the resistance of immAni ed
animals was reduced to the level at which the mice of the oontrol
groups ,ere found. During a check of immunity in following eriods
a considerable resiatanco of imLrAnized mice was again reveal d
which distinguished them considerably from the control.
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Figure 2. Dyna, ics of resist-nce to infection waith virulent lague
microbes.
1 - 4 - curve of lg LDso and standard deviations (P=0.95; pro-
cessed by the formula o. .erber) resjectively for white mice !inoc-
lated with deponent Fl, mice which received cnly deponent, mi e
im.,unized with Fl on physiological solution, and control animls
whrich received paysiologicJ.l solution. On the axis of abscissae
- oeriods between immunization and infection (in days).
Key: (a) lg 1g LD5 0 and standard deviations; (b) days.

A comparison . Fig. 1 and 2 shows that a bond exists tween
the curve of resistance and the dynamics of antigen and antibodies.
The increase of resistance to infection by periods coincides -ith
tae periods of an increase in thie titers of antibodies. The Kower-
ing of resistance, revealed on the l4th-16th day after admini'stra-
tion of deponent Fl, precedes the second .ave of antibodies i the
serum .

Ta'e early resistance observed si.ortly after aaministratlion of
aedonent Fl as if lacks an explanation: antibodies in detecta,"ble
amounts were recorded only starting with tne 8th day. Antibudies
were not found in mice which had received Fl witnout deponent. This
was checkea witn the help of serological reactions and tne phago-
cytic test. It is very probuble that in the early deriod after
imiunization the antibodies wore not visible, tne amount of V
was not great, and they were used up r&pidly, having oecome Iound
with te causative agent. The degree of resistance in the early
periods was considorably lower than the protection of animals in
later days, when it increased in parallel with an increase in the
titer of antibodies. It was aemonstrated that early protection in
white mice, inoculated with Fl, was specific: the animals reslited
experimental plague, out not tu3aremia or melioidosis Z, 47.
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Early cxevelopin: rosista.Ae to f'ort;, L n antir-ezis hias oeen descri-.bed
in cold-blooded L.nimals anu eon .-nscctz. 1z is insuffIiciently
speciIfic aind temporary. It c~n be as: med Dnat tlo .q~aomonon CI'
early protection was also preservcd 2o'r ;Aora coxaplexly orE;.nized
creatures. Alis tniey bccoi ne muro doveloded the pr.-*.ary i,-~unolo,;Jcul
reaction was specialized and became irore sdecil'ic.
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