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In recent years there has been an extreme growth of [merest, both in the Soviet Union and abroad, as to the 
questions of antigen resorption in the body. This is no t surprising: the site of introduction of the antigen, the 
routes and rate of its further spread, duration of its presence in uhe general ci~.ulation and in various organs and 
tissues (being the origin of the developing immunizing ixoccss) determine the latter's character and intensity to 
a considerable degree. Therefore, investigation of antigen resorption in the body becomes one of themos t  lm-  
Portam forms of analysis of processes of immunity formation. 

Literature data on resorption of tetanus anatoxin in the body ate very scant. Thus, Ramon and Felchetti [12], 
using indirect methods, showed that as early as the first nine hours after subcutaneous injection a considerable 
amount of anatoxin is resorbed into the bloodstream. After injection of alnm-precipitated anatoxin its presence 
at the site of injection could be traced for a period of 20 days [1]. It is known [ I3]  that the dynamics of  resorp-  
tion of even closely related (phys!cochemlcally and immunologically) antigens may be quite different. Glenny's 
[11] and Christemen's [9] data must be mentioned, with these reservations; according to these authors inuamut- 
cularly injected foreign serum protei n enters the blood chiefly during the first ~'~ree days after the irdection. 

The present work is concerned with investigation of the time relationships between the presence and con- 
tent of tetanus anatoxin at the site of injection and in the blood serum of animals following in,~amuscular and 
intravenous immunization. In view of themarked difference in effectiveness of these methods of immunization 
[4, 6], parallel investigation of the antigen resorption processes could prove m be valuable with respect to selec- 
tion of the site of antigen injection, the dis~ibution of the substrate re;.cting to the antigen and the temporal 
norms of the immunizing action. 

EX PERIMENTAL M E T H O D  

All the experiments were performed on rabbits (chinchiIla variety) of  both sexes (predominantly rnale)~ 
weighing from 1~6 ~o 2.9 l<g; the experiments were carried oor at  differem times of ~ e  year. Immunization was 
achieved with tetanus anatoxin series No. 336-4 (received from the N.F. Gama1~i Institute of Epidemiology and 
Microbiology), c o n f i n i n g  75 antitoxin fixation urdts per 1 mL The a r a t ~ d n  was given in the dose of 0,5 ml  in-  
to the rectus femoris muscle or into the pinna vein. 
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In the first series of experiments the antigen content at the sire of In~eCtlon (muscle) was investigated or~ 
to three days after immunization. This was achieved by extirpation of the muscle at appropriate inters.ale under 
sterile conditions; the muscle was then ho mogeniT~d in a glass homogenizer- at 300 rpm, in a voh~m~ of ph)'~- 
iologic solution three times that of the welghtof the muscle, until disappearance of visually perceptible tissue 
particles. The whole operation was performed at 0.*. i.bsence of anatoxin destruction In the pto~ess of homo- 
genizfng was shown in special experiments. The concentr~tion of the anatoxin in the homogenates was deter.. 
mined by the Bccher method modified as by us [8]. admiPdstering the homcrgermtes to mice in admixture with 
equlllbra~ed ~mounts of tetanus anatoxin (I/50 L) and antitoxin (0.004 AU/ml). Control groups of mice received 
under similar conditions muscle homogenates from unimmurdzed rabbits (put~ control) and with adrnlx~ r 
anatoxlh in various dilutions (control with anatoxin). Comparison of the severity of intoxication of the experi- 
mental and control groups of mice permifsed conclusions concerning the presence and concet~tration of anatoxln 
in the homogermtes under inves~gation and hence concerning the antigen content of the muscles. 

EXPERIMENTAL RESULTS 

As Can be seen from Table 1, 24 hours after immunization the muscle still contains 25 ~ 15~ of the anti- 
gen introduced into it. Anatoxin was found in' the muscles of all the eight rabbits examined, the lndivfdL.t! de- 
terminations giving results which agreed with the value, cited above. It may thus be considered as establi~ed 
that a temporary anatoxin depot is formed in the muscle following introduction into it  of the Usual immunizing 
dose of arm toxin; this depot.is almost completely depleted between the first and third day after immunization, 
although traces of anatoxln are evidently Still present after ~ s  interval  This Inner fact required further Investi- 
gation in the light of the consistency of temporal summation of antigen action on the body and its possible dg- 
rdficance in the mechanism of high effectiveness of intramuscular immunization as compared with Inuavenous, 

In order to detect traces of antitoxin in muscles during the late stages of resorption (three to five days) we 
used a revaccinatingtest  based on the high sensitivity, of immunized animals to repeated admip.i~tra~on of t~e 
antigen***' MuScle homogermtes from immunized rabhi= were prepared as described above and were kept lu the 
cold (at 0")for one to four days after which they were strained through several layers of sterile gauze; the t~l- 
trams obtained were centrifuged for three minutes at 2-3000 rpm, Lhe supernatant liqtdd was collected and the 
deposit discarded. The muscle extracls so obtained (constituting about 114 of the original homogena~s by vol -~ 
ume) were introduced into the quadriceps femoris of the recipient rabbits immunized two to five months prior to 
the experiment with 0.5 ml anatoxin given into the sam'e muscle. Each recipient rabbit received ~ whole of 
the muscle extract from the corresponding donor (3.5-'/m!). The um of extracts was connected with the fact 
shown by previous experiments in which administra~on of whole homogenates caused abscesses in the recipients. 
Special experiments showed that concentration of anatoxin in the extracts corresponded to the anato~n concen- 
tration in the homogenates from which they were prepared. Ten days after administration of ~he ex~acB the re'- 
cipients" blood serum antitoxin titer was determined and compared with the titet before extract administrado~ 
Recipients given muscle extracts from unimmunized rabbits served as controls. 

Table 2 shows that extracts from muscles extirpated tlu~e days after immunization produced in the major- 
ity of recipients a characteristic revaecin-ation, effect. This can also be taken to confirm the presence of tra~ 
of antigen in the muscle three days after immunization. When extracts of muscles extirpamd five days afu~z im- 
munization were used, however, the majority of recipients did not react perceptibly to adminlstradon of the ex- 
txacts. The high sensiti~-lty and specificity of the test used must lead to the conclusion that resorption of ar~- 
toxin from muscle is practically finished (i.e., from the l~.im of view Of its role in formation of the immuni~L 
tion effect) after three to five days following immunization.,', However, the possibility is not excluded Rtat 
the traces of antigen found after d~.tee to i~ve .days ate accounted forby admixture of blood which, as will be 
shown below, ale0 contains armtoxin during ~ds period. The true duration of antigen resorption from the muscle 
can therefore be somewhat shormr, but in any case must be over 24 hours. 

*For description of apparatus and technique of homogenizing see ['/], Ch. XL 
*~ finishing the present series of experiments we became aware that a similar me,hod was v.sed by Vol- 

gin BI. 
*''It IS known [3] that sensitivity to repeated adminls~ation of antigen after short intervals of time (5-I$ days) 

is much lower than after two to six months. ApPlYing this rule to out material it is possible to conclude that ff 
the anatoxin content of muscle five days after immurdzalgon Is insufficient to elicit a zevaccination effect in ~- 
cipients it is all the mote IrL_~ufficienr for participation (being resorbed into the blood s~ream) in formation of ira- 
mushy in dono~ 



The next problem was to dhcover the way in which the temporary deposi~on and subsequent resorption of 
the depot reflected on tile dynamics of blood anatoxin content. This problem was particuL~rly important in view 
of the wid~spread opinion that the effectivene~ of intra'muscular (and also subcutax~eous) method of immurdz41- 
lion as compared with InlsavenC~as is connected with the more psolonged circulation of antigen. In order to cl&t- 
ify this question we made a comparative study of antigen concentrations in the blood of rabbits immunized intra- 
.muscularly and intravenously at different Intervals (one to five days) after immunization. In the first experiment 
of this series ten rabbits we.re immunized with tetanus anatoxin, five Intramuscularly and five Intravenously. 
Blood specimem were taken one tO ~rce days later and the sera obtained were given separately to mice in ad- 
mixture with equilibrated do~s of toxin and antitoxin. Comparison of the severity of intoxication in these mice 
and in control animals who had received blood sera taken prior to immunization under analogous conditions, pro- 
vided evidence for the presence of anatoxln in the sera being tested. Comparison of the severity of intoxication 
among the various groups of mice also permitted determination of whether ~ e  blood of rabbits immunized Intra- 
muscularly contained more or less antitoxin than blood of rabbits immunized intravenously. ,Subsequently addi- 
tional Investigations were made tn a similar way of blood sera flora a further eight rabbits (fou~ immunized Intra- 
muscularly and four intravenously)taken three days after immunization, Since the results proved to tm identical 
the data obtained have been pooled (upper half of Table 3). In the third experiment of the present series a com- 
parison was made between the antitoxin fixation activity of seta' taken from four rabbits d~ree to five days after 
fntramus'cular immunization. Since, during this experiment, the reactivity of the mice to the toxin proved to be 
lowered, the results obtained, together with the control ones, are presented separatet)' in the lower part of Tabl0 3. 

As shown in Table 3, anatoxtn ts found in dae blood serum of animals over a period of ~ree  days) regard-  
less of whether they were immunized intramuscularly or ln=avenou~ly. One day later its concentration tr~ the 
blood of animals immunized intramuscularly is noticeably lower than In those lmmurdzed in~avenously. After 
three days this difference Is evened out to some cxt~nt and, although the previous sign remains, scatter of mate-  
rial throws doubt on its authenticity. Finally, by the fifth day concentration of antigen in the blood of ~abbitl 
immunized intramuscularly drops sharply to levels which cannot be detected by the pcesent method. Determtrnt- 
lion of absolute concentrations of antigen in blood is not the special problem of this inves~g~r~ion. Neverthe!~ts, 
it proved possible In some eases to establish the order of this value with the help of a scale derived from dar~ of 
control experiments (not shown in table): in blood se~m taken one day after intramuscular immunization - 
0.03-0.15 AFU/ml- (the most probable concentration 0.05-0.08 AFU/ml); after th ree 'days -  less than 0.08 
AFU/ml (most probable concentration 0,03-0.05 AFU/ml); or~ day after Intravenous immunization - a b o v e  
0.08 AFU/ml (most probable concenuation 0.1.0.15 AFU/ml); after tl~ee days -- value of the same order as af-  
ter intramuscular Immunization. 

Thus. at none of ff.e intervals tested (up to the limits of the method's sensitivity) were higher concentra- 
tions of antigen found in the blood of animals immunized intramuscularly as compared with those immunized" 
inuaven0usly. This fact had to be checked with the help of a more sensitive method and at time intervals ~t 
which the former method proved ineffective, i . e . .  five days after immunization. The rcvacclnalion test was used 
for this purpose: the sera under investigation were introduced (I ml) into the recipient-rabbits' quadrieeps muscl~ 
the rabbits had been immunized with tetanus anatoxin three to four months prior to ~his procedure. As can b~ 
seen from Table 2, only half the recipients showed the characteristic revacclnation effect, regardless of the  m e ~ -  
od of immunizing the donors. Consequently, the absence of substantial difference in blood anatoxin content of 
the animals immunized intramuscularly and ln~avenously can be considered as conFuvned. 

Comparison of results obtained on determination of anatoxin content Of muscle and blood shows good cor- 
respondende. Retention of part of the antigen in the muscle during the first 24 hottt~ determines its }owe~ concen- 
tration In the blood as compared with Intravenous immunization. Subsequently, the concentrations of antigen in, 
the blood become evened out in the two methods of immunization. ~5aich is explained by parallel disappea~anc~ 
of antigen from the muscle. The fact that temporary retention of antigen in the muscle does not affect the dura- 
tion d cLrculation of antigen in the blood can be explained by the relatively short duration of ~is  retention and 
also probably by partial binding and destruction of antigen by muscle ~is~ue and re,lethal lymphatic e l emen~  

It is important to note that the duration of circulation of tetanus ar~toxin in ~ e  blood approaches that of 
other molecularly:disper.~d protein antigens [~, 9, 10] and is considerably longer than circulation of corpuseul~ 
vaccine antigens [2] cr so-called complete antigens [5]. Parallel wi~ determination of blood antigen content in 

�9 AFU -- antitoxin-fixation unit. 
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TABLE 8 

Determination of Relative Content of Tetanus Anatoxin In Rabbit Serum After Intra- 
muscular and Yr~avenous Immunization 

Method t r im-  t ~ 
muniz~tlon [ ~ 

Intramuscular 

Intravenous 

,~ [ R,~sulu of ex E. (M i ~ ) _ _ .  

|% dead wmcn .I intoxt- o I atetaieat ..,~^.o 
(day=) , . . . . . .  

~c3z 
t 

i [ 1/SO L t tox in [  
-tO |' and O.O04 | tO I ~  2.9:kOA 7,6• 

| AU/ml a n t i - |  
I t~ / 

5 Ii.5 

5 .3 

Intramnsculat 9 

Intravenous 9 

Control 

1 
2.2 

I 3 
2.2 

I 
I 

l lood sera before 
immunization 

.Ditto + anatoxin in 
111000 dilution 

Ditto 

! 

I.=amnscul= 4 2.s[ { s 
5 

~lood sera befor. I 
Conuol ]immunization [ , , 

rrhe same + anatox- I 
/ i n  in 1/I000 dilu-I 
--tlon 

36 80• 12 

.~6 
36 94 

16 25• 

l -~0 

,o 

%18 
10 0 ~-- 

10 0 +18 
--d- 

--29 

4 7~0.4 5.3• 

4 410.4 5.9i0.5 

6.0• 2.8:~0.6 

3.5• 7.0=t 0o4 

5.5:L0.61 4.6:L0.7 

-- I 2.0• 

I !.9~0.3 
3.8• 6.7• 

rabbits immunized intramuscularly and intravenously we investigated selectively the antitoxin titer in the same 
animals on the 21st day after immunization. In agreement with previously obtained data no antibodies were 
found in any of the five rabbits immunized intravenously, whereas all nine rabbits immunized intramuscularly 
had an average blood antitoxin titer of 0.20 i 0.05 AU/mL No immunizing effect followed intravenous Immun- 
Ization despite the fact that anatoxin was circulating in the rabbits' blood and five days la~er could still elidt a 
clear revaccination effect in other rabbitswhen the serum was given intramuscularly (Table 2). 

Analysis of material obtained allows the conclusion that. despite temporary deposition of part of the anti- 
gen when immunization is effected intramuscularly, the high effectiveness of this method of administration of 
antigen as compared with intravenous cannot be explained by special dynamics of circulation of antigen in the 
blood. It may be postulated in connection with this that in primary intramuscular immunization the action of 
the antigen impinges on organs and tissues reached by die a. n~gen prior to its entry into the generat circulation~ 
in particular the regional lymphatic apparatus. Further proof of this hypothesis wiU be furnished in out next 
communication. 
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S U M M A R Y  

The content of anatoxin was examined at the site of its injection (the muzcte) and in the blood ~erum in 
ore  to five days after intramuscular and intravenous immunization. Temporary stc~ageof a certain part of the 
antigen was noted in the muscle within one to throe nays. This antiger, could be demo~4trated in the blood for 
a period of three t o  five days. Its intramuscular injeL "n during that period had no promoting effect on the in-  
crease of the antigenic concentzation in the blood. Therefore, it is assumed that the bdgher efflcac 7 of the 111- 
uamusculaz method of immunization (as compared with the intravenous) is connected with its action on the re-  
gional lymphatic apparatus and not with the mote Ixolonged circulation of the antigen in the blood. 

L I T E R A T U R E  C I T E D  

[1] l.B. Volgin, The Slgrdftcance of the Principle of "Depot" and of Various Methods of Antigen Admiail- 
uation for Active Immunization Against Tetanus." Thesis (Mo~cow, 1955)* 

[2] S.L Ginzburg-Kalinina, in the boo],.: Transactlons of the Mechnikov Scientific-Research Institute of 
Vaccines and Sera ~ VoL 8 (Moscow, 1956), pp. 160-1"/0. 

[3] P.F. Zdrodovskii, The Problem of Reactivity in Study of Infection and Immunity*(Moscow, 1950)* 

[4] ILL Zel'manovich and D.F. Plet~ityi, Zhur. Mi~oldol,, EpidemioL l ImmunobloL No. 1, 69-71 (1953), 

[5] V.I. Ivanov, M.M. Priselkov, S.L Cher,-dakhover and S.V. Lesniak, Zhur. MilmobioL, Epid~rnioL i Im- 
munobioL No. 11, ~1-'/5 (1954). 

[6] O.Ia. Ostryi and LN. Fontalin, Zhur. Miktobiol., EpidemioL i ImmunobioL No. 1, 43-49 (1956). 

[7] V. Umbreit, R.H. Butris and ].F. S~auffer, Manometric Methods in Studies of Tissue Metabolism [Rus- 
sian ttanslatlon] (Moscow, 1951). 

[8] E.N. Fontaltn, Blulh El,.sptL BioL I Meal. 44, No. 10, 100-105 (195"/). .~' 

[9] P.E. Cl-aistensen, Acta path. rnicrobioL Scandinav. 31, 262-274 (1952)* 

[10] F j .  Dixon, P,H. Maurer and M.P. Deichmiller, 3. ImmunoL ~2, 179-186 (1954)* 

[11] A.T.B, Glenny, in the book: A System of Bacteriology (London, 1931). VoL 6, pp. 106-193. 

[12] G. P,~mon and E. Falchetti. Compt. tend. Soc. BioL 118, 1044-i04"1 (1935). 

[13] R.H. Regamey, Sehweiz. Ztschr. el!gem. Path, u Bakt. 16, 8"/3-881 (1953). 

"In Russian. 
~  Russian pagination. See C.B. t tanslatio~ 

498 


