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The necessity of an experimental study of the protectiqn of the central nervous system by passive or active 
hnmunization ~ against toxic infections became quite clear following the reports of a series of clinicians that with 
big doses of immune sertun it  was possible to cure serious cases of tetanus, diphtheria, gas gangrene, and botulism. 

Up to that time, while the attending physicians used moderate doses of serum, the unsatisfactory results of 
serl'am therapy were ascribed to the fact that antibodies do not penetrate across the blood-brain barrier from the 
blood into the cerebro-spinal fluid [5, 3] and that the central nervous system is left unprotected by passive immu-  
nlxation ({~oux and gorrel) [7, 5]. 

It was established by the majority of investigators that the penetJation of various substances into the central 
nervous system depends, not on the composition of the fluid, but on the permeabili ty of the capillaries and on the 
concentration of these substances in the blood [4]. In line with this, the penetration of antitoxins into the central 
nervous system, probably depends on the permeabili ty of the capillaries of the brain and on the concentration of 
antitoxins in the blood and is completely unrelated to the presence of antibodies in the fluid. 

The question arises, is the immune condition of the central nervous system altered by the intravenous injec-  
tion of large doses of antitoxin, does it acquire in such cases a resistance to the action of toxins, in spite of the 
fact that antibodies practically do not get into the fluid ? 

E X P E R I N I E N T A L  M E T H O D S  

We carried out experiments with perfringens and oedematiens toxins on passively and actively immunized 
rabbits. We injected rabbits ~'eighing 2.8-3 kg intravenously with various quantities of serum, then in about 4 
hours, immediateIy after having taken blood and cerebrospinaI fluid from them for determination of the titer of 
antitoxin, we injected the corresponding toxin into the cistema magna. 

The titer of the antiperfrigens serum was 850 ALl/ ec, the titer of the auti-oedematim~s serum was 100 
AU/co. .  The titration of the serum and cerebrospinal fluid was carried out by the usual methods employed in 
bacteriological institutes, intravenously in mice.  

We carried out the experi,nents on the actively immunized mice  according to the same program that we 
used for the passively immunized animals. Active immunizat ion was carried out with the toxoids which we em- 
ployed for the immunizat ion of horses to produce therepautic sera. We inoculated rabbits three times with 1-2 co, 
with intervals of 20 days between the injections. About 12-15 days after the last inoculation we took blood and 
spinal fluid from them and injected them with the corresponding toxin. 

For the experiments we used dried perfringens and oedematiens toxins obtained by precipitation wil l  amino,  
nium sulfate. 
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The mittimmn lethaI dose (gILD) ofperfriugens toxin for mice Injected intravenously was 0.3 rag, whereat 
the laud dose for rabbits injected stiboccipltally was 1.67 rag. The minimal leflial dose of oedemattens toxin 
for mice injected intravenously was 0:3 lug, die leflial dose for rabbits Injected suboccipttally was 0.4 rag. 

E X P E R I M E N T A L  R E S U L T S  

The results of the experiments with perfr!ng.ens toxin in passively immunized rabbit~ are presented in 
Table 1. On the intravenous injection of the animals with large doses of andperfdngens serum, 1500-10,000 AU, 

TABLE t .  

Effective Resistance of Passively Immunized Rabbits to Suboccipital Injection of PerfrIn~en,~ 
and Oedema tiens Toxins 
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of 
Toxin 
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iO 
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5 
3 
3 

2 2 3--4  I - -  

I --.- 2 5 - 6  
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4 - 8  3 I 
3- -h  . . . . .  5 

- -  2 i -  

2--5 7--9 i 
- -  4 

2-~3 4-- 7 

and suboccipital injection of 5-10 MLD of toxiu there was produced marked dyspnea, excitement; die rabbits ran 
around and screamed. The state of excitement lasted about I / l -1  hour. After some hours paralysis appeared in 
the animals and they died from the intoxication on the 2nd-4th day after the injection of the toxin. 

We further injected rabbits with moderate doses of peffringens toxin (from 1 to 3 MLD), since these doses 
did not produce strong excitement of the animals. Only after a dose of serum equal to 3000 AU, following the 
injection of 3 MLD of toxin, did all tim rabbits survive. 

It is quite clearly evident that die larger the dose of antitoxin, the greater proportion of the animals are 
protected against the injection into them of a given amount of toxin: of 8 rabbits receiving 3000 AU, after the 
suboccipital injection of 3 gILD of toxin all survived, and only one showed paralysis of tire hind legs on the 
19th day, b.ut out of 5 rabbits receiving in00 AU, after die suboccipital injection of the same dose of toxin only 
two survived, while tile others showed paraly.sis of the extremities and died. Out of 5 rabbits receiving 1800 AU 
and 1 MLD of toxin, all survived, though it must be admitted tint three of them showed paralysis of die extre- 
mities on the 13-15th day. Untreated control rabbits always died on die 3rd-4th day following t,he mboccipital 
injection of 1 MLD of'toxin. 

On the injection of 5000 AU of antioedemafiens serum (Table 1) and 10 MLD oedematiens toxin rabbits 
also exhibited significant excitement: the animals showed dyspnea and they ran around and screamed. Such a 
condition passed off rather quickly; after about 10-15 minutes the rabbits cahned down, and only tee dyspnea 
remained. All 3 rabbits died on tim following day. 
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From our expethnents carried out on rabbits passively Immunized with antloedematiens serum, it  1~ quite 
clearly evident that the effective resistance of rabbits on sutyoccipltal Injection of toxin, and consequently the 
protection of  t i e  central nervous system "both depend on the size of the dose of antitoxin injected. 

Thus. for example, intravenous inject ion of a dose of serum containing 2500 AU completely protects the 
central nervous system of rabbits against the suboccipita ! injection af 3 MLD of oedematiens toxin whereas after 
the injection of serum conbaining 1000 AU the rabbits die following file inject ion of 3 MLD of toxin. 

Intravenous injection of 5000 AU protects the central nervous system of rabbits against 5 MLD, since all 5 
rabbits were mlaffected by the suboccipital injection of fltis dose of toxin. Following the injection of serum con- 
raining 2500 AU ~.ot all  of the rabbits survived the injection of 5 MLD of toxin. In our experiments, out of 7 
~abbits 2 died, but it  must be noted that 4 of the seven showed significant paralysis. 

The fliers of perrringens and oedemarAens antitoxins in the blood of all  passively immunized animals were 
sufficiently high. whereas under the conditions of our procedure no di la table  amount of antitoxin was demonstrated 
ia the cerebrospinal fluid. 

Consequently the conclusion, reached by us in previous work [1, 2] with tetanus, botulinus and diphtheria 
toxins, that the protection of the cen~al  nervous system in passive immunizat ion does not depend upon the pene- 
tration of antitoxins into the cerebrospinal fluid, remains correct for these cases. 

Tire protection of the central nervous system depends on the Liter of ai:fitoxin in the blood. The higher the 
titer of antitoxins in ~ e  blood, the more antibody penetrates m file brain tissue through the capillary wall~, while 
at the same time antibody is practically absent from the cerebrospinal fluid. 

Our investigations explain the conclusions of many clinicians, based on practical ogsetvafions during the 
ueam~ent of gas gangrene, that the larger the dose of serum injected, the higher the therapeutic effect. 

Shishkov [6] writes that the high rater of antigangrene serum of the post-war series, and the small quantity 
of protein ballast in it, offers the possibility of significantly increasing the dose of serum. With patients in peace 
time he employed for gas gangrene in[ectio~_s serum in the first two days ;n doses of 120,000 to 240,000 AU per 
day.. Single doses of andgangrene serum employed in war time were from 40,000 to 60,000. Shishkov believes 
that the possibility of injecting antitoxin in a dose 3-6 times larger as compared to that used in wartime without 
doubt significantly increases the possibility of saving patients with gas gangrene infection. 

A series of experiments were carried out by us on actively immunized rabbits. It is known that rabbits, 

which as the result of active immunizat ion againstperfringens or oedemafiens have from 5 to 10 AU of antitoxin 
in dreir blood, can tolerate known lethal doses of a culture injected subcutaneously or inLravenously. 

tIowever, up to now nobody has investigated how the central nervous system of actively immunized animals 
would react to the injection of toxin, introduced suboccipitally into the region of the brain. 

In our experiments, out of 17 rabbits actively immunized with perffingens texoid (Table 2) seven had 
an aatitoxin t i t e r>  1 < 5 AU, six rabbits, > 1 < 3, four rabbits > 3 < 5, and only one rabbit had 0.-5 AU per cc 
v[ serum. Antitoxin was practically absent from the cerebrospinal fluid. Out of 12 rabbits receiving i LILD of 
~0xm by suboccipital injection, 11 were completely unaffected and only one displayed on the 5th day signs of 

paralysis of the extremities ; this animal  died on the 9dr day from the intoxication. Four control rabbits, receiv- 
ing 1 MLD of toxin each, died on the 3rd-4th day. After the injection of 2 and more MLD of toxin into the im-  
nHLae rabbits, dear_b.s began to be produced, since the degree of immunity was evidently not that high. 

In tim experiments with oedematiens toxin we obtained the same pattern. After immunizat ion of 10 rabbits 
with toxoid a series of 127 blood antitoxin titers fell within the limits of I to 5 AU. and antitoxin was not present 
lit ~e cerebrospinal fluid. Out of these 10 rabbits (TabIe 2) 3 rabbits receiving 1 MLD each of toxin suboceipi- 
laity were unaffected; dut of 3 rabbits receiving 2 MLD each one died from abe intoxication with signs of paralysis 
of the exh-emities. Out of 4 rabbits each receiving 3 or 5 MLD, only one survived. 

In tire second series of experiments (Nos. 5, 6, 7) 10 rabbits were immunized with toxoid of series 129. The 
ri~cr of antitoxin in the blood was within the limits of 5 to 20 AU, and antitoxin was absent from fl~e cerebro- 
~ph~al fluid. A!I 6 rabbits which were injected with 2 or 5 MLD oedematrells toxin survived: it is true, however, 
that thos~ which received 5 MLD each showed signs of paralysis of the hind legs. Out of 4 rabbits, each of which 
..,'a:. injected with 10 MLD of toxin, only one was unaffected. After the injection of the toxin there was observed 
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TAIl  hE 2 

Effective Resistance of Act iyely  Immuaized  Rabbits on Subocclpl tal  Inject ion of Per- 

frtngens and Oedematiens Toxins. 

Type of 
Toxin 

Perfrin- 
gens 

Oedema-  
tiens 

. . . . . . . .  Experiment 

o. No.o - - - - -  
0 -o [x t remlf ies  

-x-  tRab- [  In the cere  
, en- lb t t  s | brospinal | In the ~ INo.ef ~ ( .  o n  
nent[ i fluid / blood ,~lRab- s  Day 

lbits 

<0.02 
<0,02 
<0.02 

<0.02 
<0.02 
<0,02 
<002 
<002 
<9,02 
<0,02 

> 0 5 < 5  
> 1 < 5  
> 1 < 5  

> 1 < 5  
> 1 < 5  
> 1 < 5  
. ' > 1 < 5  
>10<15 
> t 0 < 1 5  
>10<15 

=20 

12 
3 
2 

1 1 
2 3 
5 2 

1 

3 
5 2 
2 
5 4 

t0 4 

5 1 1  

2--3 
- -  2 

- -  - -  3 

4 

2--3 2 
_ _ 

6--I0 
2--5 3 1 

Control 

I 2 
I 1 
i l 

1 1 
I 1 

5 7  
5-? 

marked dyspnea and exci tement ,  fl~e animals screamed and threshed about. The antitoxin titer in the unaffected 
animal  was 20 AU. In our experiments control untreated rabbits into which we it~jected 1 MLD of toxin each, 
always died on the 3rd-4th day. 

Therefore, the protection of the central  nervous system of ac t ively  immunized animals depends on the 
antitoxin titer in the blood. On the injection into the central  nervous system of known lethal  doses of toxins, 
cnly rabbits with a high fiter of antitoxin in the blood survive. 

S U M M A R Y  

Experiments on passively and act ively  immunized rabbits with perfringens and oedematiens toxins showed 
that only the animals with a high blood antitoxin titer survive tide introduction of lethal  doses into tlde cemral 
nervoua system. 

These investigations throw light on the conclusion, reached by certain cl inicians on the basis of practical 
experience in treating gas gangrene that large doses of serum produce better therapeutic results. 

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

[1] To I. Bulatova and K. I. Matveev, Zhur. Mikrobiol. ,  Epidemiot. ,  i ImmunobioI.  1949, No.6. 

[2] T. I. Bulatova and K. I. Matveev, Byull. Eksptl. Biol. i Med. 1949, 27, No. 2, 148-]51. 

[3] G. P. Kassil, in the book:Transactions of the Conference on Immedia te  Influence on tide Nerve Centers; 
Moscow, 1946. 

[4] Kh. Kh. Planelyes, N. V. Svinskina and V. 1. Gonchamva, in nhe book: Problems in the Chemotherapy 
of Bacterial Infections,%Ioscow, 1950, No. 1, pp. 126-129. 

[5] P. P. Nikitin and A. V. Ponomarev,  Arch. Biol. Nauk SSSR 1930, 30, No. 1, 57-70. 

[6] D. A. Shishkov, Treatment  of Gas Gangrene hffecfion under Wartime Conditions. Dissertation, Riga 1% 

[2] E. Roux and A. Borrel, Ann. Inst. Pasteur, 1898, t. 12, N. 4, pp. 225-239. 

* In Russian. 
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