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According to thelatest findings, he mammalian kidney is permeable to macromolecular substances such
as hemoglobin, serum and foreign proteins and toxins, antigens and the microorganisims of scarlet fever, crou-
pous pneumonia, dysentery and typhoid fever.

Excretion of viruses in viral diseases was proved by L. A. Zil'ber [2], who also raised the question of the
importance of this process in immunity.

It was shown by G. Wallenius [12] that the clearance index of the simplest macromolecules of the poly-
saccharide dextran was inversely proportional to the molecular weight, It was found that large-imolecular sub-
stances undergo reabsorption in the tubules, as was shown in the case of protcin marked with Evans blue and
fluorescein [8, 11]. The question of the excretion of microorganisms by the healthy kidney has_bccn examined
even in the earliest stages of the development of immunology (V. Vysokovich, 1. 1. Mechnikov cited by {1, 2,
4], and later by L. Ascher and J. Sokol {cited by [1, 2, 4]). The majority of workers answered this question In
the negative.

Excretion by the kidneys of bacterial antigens, toxins and viruses has been proved, and their removal may
be regarded as one of the pathological mechanisms of immunity {1].

In the present work the excretion of dysentery antigens from the kiducys of dogs was studied during ex-
perimental dysentery poisoning.

EXPERIMENTAL METHODS

The investigation was made in chronic experiments on dogs. A constant infusion by the drip method of
a 1% solution of inulin (or a 1% solution of thiosulfate) and simultancously of Flexner dysentery antigens {pre~
pared at the L. I. Mechnikov Institute, series 360) was set up. The antigens injected amounted to 0,1-0.4 mg
per 1 kg bedy weight for 15-30 days. During this time complete clearance of antigens from the animals took
place. After administration of water (40 ml per 1 kg body weight) to the dog, it was placed on a board, and
one of its hind paws was fixed to the board with bandages. A needle, joined by a rubber tube to a vessel con-
taining the solutions of substances to be injected, was inserted into the dorsal lateral metatarsal vein and fixed
with two strips of adhesive plaster to the shaved or depilated surface of the paw, ‘

In order roproduce a definite concentration of the injected substances in the blood, their rate of flow
was regulated by compression of the lumen of the tube with a rubber band,

The experiment consisted mainly of 2 clearance periods each of 20 minutes. The urinary bladder was
emptied by catheterization or elso the urine was collected through a Pavlov-Orbeli fistula, In the middle of
the clearance period blood was taken from the dorsal lateral metatarsal vein on the side opposite to that in
which the injections were being given.
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The concentration of thiosulfate in the bloodand wrine was determined by an {odometric method, and
the inulin colorimetrically by mcans of a thiourcaresorcin reagent, Quantitative determination of dyscatery
antigens in the blood was carried out by ineans of the cold cosuplement fixation reaction, The clearance index
of the injected substances was then calculated, Further, the antibody titer in the blood was checked by the
precipitation reaction and control analyses of the urine were made.

Expecrimental Results of Administration of Dyscntery Antigen to Monimmunized

Dogs

Experiments were carried out on 8 dogs not previously immumnized. In view of the fact that antigen was
injected repeatedly into many of these animals, experimenté in which dysentery antigen was injected for the
Tirst time had to be specially selected.

On primary injection, the antigen was excreted in the urine of all 8 dogs, although in two of them it was
only found in traces, but in the remaining six in amounts which permitted calculations to be made.

The magaitude of clearance from dysentery antigens varied from 0.08 to 0.7 ml/min, which corresponds
to 0.15 to 1.5¢% of the index of clearance of the simultancously injected inulin or sodium thiosulfate (Table 1).

Repeated injections of dysentery antigen, which may be regarded as a process of immunization, were
accompanied by increase in the indices of clearance of these antigens from the animal. This process is illustra-
ted in Fig. 1, showing the results obrained in the dog Kashtanka.

~ The antigen clearance indices of the dogs subjected to primary and repeated injections but not immunized
with vaccine were between 0,08-1.3 ml/ min, which corresponded to 0.03-5.429; of the degree of filtration.
TABLE 1

Excretion of Dysentery Antigen by the Kidneys after Primary Injection

Clearance |Relation of

index of degree of

Name of dog clearance of

dys.entery antigen 10 Remarks
anugen  fdegree of fil-
{in ml/min)! tration (in %)
KashtanRa 0.7 1.54 Filtration estimated
by thiosulfate
Khriza Traces . -
Beliak 0.125 0.21 Filtration estimated
- by thiosulfate. Dog
died after injection.
Laska 0.09 0.15 Filtration estimated
by thiosulfate
El'ba 0.5 0.49 Filtration estimated
Seraia 0.08 0.40 by inylin
Ovcharka 0.1 0.23 > "
Martyshka Traces — . =

Experimental Results of Administration of Dysentery Antigen to Dogs Previously
Immunized with Dysentery Vaccine

“Three dogs (Umnik, Laska and Lada) were immunized with alcoholized dysentery vaccine, obtaiued from
the Moscow Institute of Epidemiology, Microbiology and Hygiene, according to the scheme: 0.5-1.0-3.0-5.0-
5.0 ml at intervals of 5 days. Antigen was administered repeatedly to these dogs at intervals of 15 ro 30 days.

The intensity of its excretion was such that the clearance index was from 0.20 to 2.43 ml/min, and in
one case it amounted to §.1 ml/min, Figure 2 shows the excretion of antigens from a dog after previous
Immunizatdon with vaccine,



In order to solve the problem of specificity, we
thought it Jesirable to set up an experiment in which
a dog, irmunized against dysentery, would be In-

Jected with another antigen, namely typhoid fever,
we u in order to compare the degree of clearance of the
9 ' u latter with the degree of clearance of dysentery antl-
;; :: gen injected in the same quantity,
'y ) 174 The dog Lada, immunized with alcohotized
L I s a 1 dysentery vaccine, was given 2 injections of dysentery
“ . . a antigen, after which ryphoid antigen was injected,
4 . o Clearance of typhoid antigen was found to be 0.30
Z 5: mlfmin, amounting to 0.34% of the inulin filwation
g determined at the same time. Clearance of dysentery
Nov.’1954 Déc. J’an. 1955 antigen amounted te 0.39 ml/min (0.53% of the fil-
° 4z ) tration) if injected before the typhoid antigen and
‘Fig. 1. Excretion of dysentery antigens after re- 0.85 ml/min {0.9€% of the filtration) if injected after-
peated injection into the dog Kashtanka. wards.

1) Clearance index of antigen (on the right hand
scale); 2) clearance index of thiosulfate {on the
left hand scale).

Somewhat smaller values of clearance of typhoid
antigens compared with clearance of dysentery antigens
administered previously were obtained 2lso in the dog
Umnik which had been immunized to dysentery. Clear-
ance of typhoid antigens in Umnik amounted to 1,62
m!/min (2.43% of the filtation), and of dysentery

ez & antigens injected subsequently, preceding the injec-
] i tion of typhoid — 1.8 ml/min(3.01% of the filtration).
Alhthough these experiments do not permit the
3¢ question of specificity of excretion of antigens from
230557 animals imimunized to a given antigen to be finally
2¢  answered, they do nevertheless suggest the existence
of some degree of specificity in the excretion of dy-
7 sentery antigens.
raaa} *
We also studied the problem of damage to the
Nov.'s5 ~ Dec. Jan's6 Feb. ~ Mar renal parenchyma. Contol analyses of the urine be-
: e7 b fore and after injection of dysentery antigen showed
Fig. 2. Excretion of dysentery antigens on re- the appearance of tzaces of albumin in the urine after
peated injections into the immunized dog Umnik. injection of antigen (transient proteinuria). The pro-
1) Antigen clearance index (on the right hand tein was estimated by the Robers-Stol*nikov method.
scale); 2) precipitin tter (on the left hand scale). In order to confirm the excretion of protein and to

determine its nature we carried out anaphylaxis ex-
petiments with guinea pigs.

The plan and results of these experiments are shown in Table 2,

As seen in Table 2, in animals sensitized to urine taken from the dog after injection of antigen, and con-
taining proteins, a strong anaphylactic shock was observed on injecting asan assaulting dose tlie secum proteins »
of a dog (with fatal results in 2 out of the four guinea pigs)., In guinea pigs sensitized to urine taken from the
dog before the injection of antigen and not containing proteins according to Heller"s test, anaphylactic shock
‘was also observed although to a weak degree. This fact suggests the presence even in normal urine of quantities
of protein adequate for sensitizing a guinea pig, and in accordance with the findings of Rigas and Heller {10},
who demonstrated by the methods of ultrafiltration and electrophoresis dlie presence of proteins in the healthy

“human wine. ’

Anaphylaxis experiments on guinea pigs, confirming the excretion of antigen in the urine, showed that
at the same time there occurs excretion of sernm protein,  Such signs of damage to the kidneys as the presence
of erythrocytes, hemoglobin, ete., were not found in our experiments,



TABLE 2

Schedule of Anapliylaxis Experlments on Guinca Pigs

‘Anfmal No. Scnsitization Reaction in response to Cvaluatlon of severity of
st fnjection May | 2nd injection May injection of an assault- shock
3, 1956 Sth, 1956 ing dosc on May 117, 1956
1 2y of dysentery | The same as in the | Injection of 50 y of +
antigen 1st injection dysentery antigen.

Two nin. later slight
shivering and 8 minutes
later, slight convulsions

2 1 ml of urine Ditto Injection of 1 ml of dog ++
without protein serum. One minute later
{before injec~ severe convulsions In the
tion of antigens) lateral position
3 1 m! of urine . Injecticn of 1 ml of dog 44
come(ining pro- serum. Oue miaute later
teins (after in- - severe convulsions in the
jection of anti- lateral position. After
gen), 4 minutes, death.
4 Ditto o Injection of 50 y of dy- +

sentery antigen. After
7 minutes, periodic
shivering, twitching,

5 - . Injectica of 1 m! of dog ++
serum, After 4 minutes
sirong convulsions, de-
fecation and urination.

6 * - Injection of 1 ml of dog T+
serum., One minute
later convulsions in the
lateral position, defeca-
tion ard urination.
Deatlt after 6 minutes.

1 Animal got sensitized Injection of 1 ml of dog -
serum, No shock

It may be suggested that activation of the excretory function of the kidneys during excretion of antigens
is accompanied byincreased permeability of the glomerular membrane. This also shown by the appearance of
a slight transient protcinuria. It must be pointed out that the fact of penetration of protein through the glo-
merular membrane is not regarded as a sign of renal damage and takes place in healthiy animals (the so-called
benign albuminuria) [5].

Phenomena similar to those which we <'served, consisting of transient excretion of homologous serum
protein have been noted in response to injection and excretion of hemoglobin and foreign protein ({7} and others).

From an assessment of the magnitude of the clearance indices of dysexztery antigens obtained, and com-
parison with the degree of filtration as determined simultaneously in our experiments, we observe that per~
centage ratio between the clearance index of dysentery antigens and the total filuration is smaller than that
calculated in the same way with dextran fractions with molecular weight of 28,500 (11%; [11D. The clearance
indices for dysentery antigens are closer to that of dextran with a molecular weight of 91,700 (1.2% of the total
filteation), determined by Giebish et al,, {G], and to the clearance of hemoglobin (according to Monke and Yuile)
equal to 3% of the total filiration [9].



Regarding the mechanisin of excretlon of antigens it ean be tentatively concluded that durlng excretion
they are subjected to filtration and to reabsortive processes in the twbules. The difficulty In determining the
renal threshold for antigens does not exclude tubular activity and it may depend, as with other proteiis, on
variations in the size of the molecules of different fractions of antigen.

Excretion of dysentery antigens is not accompanied in all animals by a uniform change in filtration,
Increase of filtration, noted in certain animals, shows activation of ftluation in the process of antigen excre-
tion. lowever, such an increase in filiration dees not always take place,

It is of interest that during excretion of phage, studied in L. A. Zil'ber"s laboratory, vniform changes in
filration werc also observed (V. A. Pamnes et al., [3]). The absence of any parallel between filwation and
antigen clearance shows that some process other than filtration is also concerned in the excretion of the antigen
molecules, This process is the activity of the renal tubules. In this connection, dysentery antigens evidently
are not distinguishied from other macromolecular compounds undergoing filtration and reabsorption.

No strict parallel between antigen clearance and antibody titer in the blood could be observed in our
experiments. The role of excretion of antigens by the kidneys was more pronounced in immunized animals,
but no close relationship between the variations in antibody titer and antigen clearance index could be ob-
served.

The increase in antigen clearance arising during immunization may depend on a lowering of the reab-
sorptive activity of the tubules and to an increase of filtration, brought about by immunization. This increase
in the excretery function of the kidneys in respect to bacterial antigens arising during immunization may be
regarded as a peculiar manifestation of the protective mechanisms, the pathophysiological mechanisms of
immunity, not directly connected with antibodies or phagocytosis.

SUMMARY

In dogs dyseutery antigens are €xcreted by the kidneys following their intravenous introduction. Thein-
dicator of clearance determined for dysentery antigens increases with their repeated inwoduction or after pre~
liminary tmmunization by dysentery vaccine, Excretion of antigens is connected with a transitonal proteinurea.
However there are no signs of disturbed function of the kidneys. As to the mechanism of excretion of these
macromolecules — one may assume that they are excreted by filtration in glomeruit with the following partial
teabsorption in the tubules, It is probable that increased filiration of the antigens and decrease of their reab-

serption takes place in immunization.
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