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It has long been thought that in healthy kid:~ys no proteins of molecular weight higher than that of hemo- 
globin passed through the glornerulat membranes [11]. It has now been shown, however, that some ~bsmnces 
of molecular weight exceeding that of hemoglobin are excremd by intact kidneys [12.13.14]- 

As far back as 1929 Andrews, Thomas and Welker [10] Dostul~md the hypothesis that in nephri~ the kid- 
neys played a detoxlcating role by excreting toxic proteins in the urine. 

Excretion of bacterial antigens and viruses in the urine has been es~blished in many diseases [3, 5. ~]- 

L.A. Ztl'ber and colleagues succeeded in showing that the vlru~s excreled by animals am excreted by In o 
tact kidneys [6. "/]. 

N.B. lafarova-Turnasheva, working in A.D. Ad0"s laboratory, has shown that dysentery an~igem are excremd 
by intact kidneys in rabbits [9]. 

ExcretiOn of typhoid antigens by the kidneys has been established in patients by S.O. Bllnkinym and T.F, 
Fesenko [3]. There are no references in the lltera~u-,e to experimental work dernons~ating excretion of typhoid 
antigens. 

The present work Is concerned with the study of the renal excre~on of typhoid antigens in dog~ in the pro- 
cess of repeated administration of the antigen, i.e.. immunization. 

EXPERIMENTAL METHOD 

Experiments were performed on female dogs weighing from 13 to 20 kg. Experiments were camed  out in 
the mornings . in the fasting sta~. Onehour prior to administration of antigen, water "loading" was ensured by 
gi,4ng 40-50 rnl per 1 kg body weight of water. Specimens of blood and urine were ~l~n before admlnisuatioa 
of anfl'g~n. The antigen was weighed out and diluted with sterile physiologic solution before the experimenL 
Complete typhoid antigen (series 293, 1955), obtained from ~e LI. Mechnikov Im~itute of Vaccines and Sera. 
was ~ven on uhe basis of 0.08-0.4 rng Per I kg body weight, Sterile 1~ solution of inulin or sodium thiosulfam 
was used as nonthreshold subs~nce. 300-400 rnl of mixed solution was prepared from the antigen and inulin or 
sodium thiosulfam. One of the dog's hind limbs was i~xed to the stand by binding, Tim needle, corm scrod by & 
rubber ~be with the bogle containing the solution, was in,educed into the v. rnetatarsea dorsalis l~teralis and 
fastened with two strips of adhesive tape • the clipped surface of the paw. At first, ~he clamp on the nabber 
tube was fully released in order to attain a ccr~.ain concentration of ~he test subs~nces in the blood. Subsequently, 
the clamp controlled the amount of solution which was administered continuously in the form of drops ~rough- 
out the experiment, at  the ram of 3-5 m ! per mim~te. At th~ end of 6-10 minums after the beginning of the ex o 
perirnent the bladder was emptied once again and ~is marked the beginning of ~ne period of clearance, The ex- 
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pcriment consisted of two or three pcri0ds of clearance each of 20-30 m~nutes' duration, During the whom clear- 
ance period the urine was collected and in the middteof  ~is  period a specimen of blood was taken fr0m th,  
other paw. Thus. in order to evaiuate the clearance of the substance under investigation the principle of tr~ldng 
simuhancoas determinations of another, well-known nonthreshold substance (inulin or sodium thlosulfate) was 
used, aswell as continuous drip infusion of the Substances concerned which glees a more comtant blood level as 
compared with a singlb injection [4.15]. Each investigation consisted of the following stagstt 

I) continuous intraver~ous drip of complete typhoid antigen and inulin or sodium thlosulfattt 

2) dctectlon of antigen in the blood and in urine by complement-fixation reaction in tht~ cold and deter,, 
ruination of the clearance index for the antlgenl 

�9 3) colorimcu-ic determination of inulin in the blood and in urine or lodorne~ic determination of thlotul- 
fate in the blood and in urlne, and determination of the clearance index for them substancet~ 

4) clinical examination of the urine for the presence of blood, albumln,etc, 

EXPERIMENTAL RESULTS 

Thir~-one expeflmenu were performed in the course of 10 months on five h~althy dogs. not pre~iously 
immunized. The intervals b~wceen the experiments were from 9-13 to 20-30 days, The results of the exped- 
menu are presented in Table ! ,  With the exception of one dog (Alma) the typhoid am2gen was not exore~d in 
the urine after she first administration. The antigen began to be excreted in the urine beginning with the secoml 
experiment in the dogs Palma and Zhuchka, the third experiment in Chernushka and the fifth one in Ryzhuli,, 
The minimal amount of plasma antigen which is detectable by the complement-fixation reaction is 0.1 mg~ 
At this concentration the antigen is dxcteted in the urine. According to our data, there is no relation betweett 
the antigen clearance and its concentration in the blood. With identical concen~afion of the antigen in tlm 
blood different clearance indices are noted and:conversely, approximately the same clearance is seen with differ- 
ent concentrations of the antigen in the blood. This, in our opinion, indicates a complex mechanism of antigen 
excretion rather than simple filtration. 

The antibody titer of the blood rises on repeated administration of the antigen to the dogs. HoWever, no 
relation is noted between the renal excretion of the antigen and the blood antibody tiler (Table I). In ~he 
of Ryzhulia, no antigen was excreted in the urine during the first four experiments despite a high blood antlboely 
titez (1 : 128000~and subsequently d!fferont a~tigcn clearance indices (0.14-0.3"/ml/min) were found with constant 
blood antibody tirer (I: 256000). Quite different antige n clearance values were found in Chernushka with a blood 
antibody titcr of 1 : 256000. In the remaining three dogs the clearance values were comparable with fhose in 
Ryzhulia despite a highe r antibody titer in the latter. 

The question of the mechanism of antigen excretion is as yet umolved. As can be seen from Table I, son8 
relation between antigen clearance and inulin clearance is observedln ~he case of Ryzhulia and Alma. The an- 
tigen Clearance is seen to rise with a rim in inulin clearanr index and. conver~ly, in Chernushka and Z1~uchka~ 
the tmginning of antigen excretion coincided with the highest sodium thiosulfate and inulin ~learance. Quire 
possibly the antigen is excreted as the result of increased permeability of the renal glomeruli. TMs suggestion is 
favored by the re lation between inulin clearance and antigen clearance as well ~ the tramient slight p~t~imitla 
which always accompanies antigenuria. 

From the moment of antigen excretion the inulin cl~arance index (or sodium thiosulfate clearance index) 
diminished in the case of Palma while in Zhuchka and Chernushka it first ros~ and then also dedreasod. Thi~ lu- 
disarms that in these dogs there was toxic action of the anttigen Which was manifested by lowered renal filtratio~ 
Despite this. these dogs continued to excrete the antigen in thvi~ urine, and sometimes a ~ in antigen clea.tance 
was noted. In two dogs- Ryz.hulia and Alma - th~ antigen excretion was not accompanied by lowering of itmlin 
clearance, but. on ~he contrary, a rise in the latter was observed in subsequent exp,  riments, This indicates that 
in these dog, the filtration function of the kidneys was not lowered. 

It was stated above that antigenuria was always accompanied by slight (up to 0 . ~ )  ~amient (thr~e to six 
hours) proteinuria. No blood Or renal epithelial cells were present in the urir~, In order to discover t~he nature 
of the excreted protein, experiments were staged with anaphyiactic shock in guinea pigs. These exp0riment$ 
show that serum protein are excreted lu the utitm (Table 2). The rea t ,  no ind~cat~on~ that the slight tramfer~t 
prote!nuria signifies morphological damage to the kidneys. 
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T A B L E  I 

Relation Betwccn BlOod Antigen and Inulin Clearance In Dogs 

i t, . ; - - T - - - - - T - - - - -  
. , I I ~ E  I =<->~_t_8 "~" l ~ - ~  " IAnt l~en  I . . . . .  
uogs Thneo fan f l  en ~oc:~=" ~=--o= )~=  "= i ~'=:',- ~ , . ] B l O d i n d ' . . .  �9 
n,,me l , ,d,otnls. , ,~tn I~ u ~ l  o o o  ', ~ x . . =  i : .  ~.~ l i " " l l "  " . 1 ~ ? ) - ~  - .~ e'c:" ~ " ~ m r  I ~  'U""* / 
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was subjected to an exl~r tment  In ~ , l e h  Q s e n -  
the case of Cbenmshka clearance was determined 

At the beginning of the discussion It was noted that in all d<~ ~ t h  the exception of one. Sere was no ex- 
cretion of antigen when i t  was Rrst administered. How could rids be explainedt It  must be meadoned that In 
those cases in which antigen was absent from the urine i t  was al.m a b ~ n t  from the blood. It may be supposed 
that on in i t ia l  adminht~a~on of antigen healthy re tka~ loendo thr  cell~ q~lckly eapm#e the administered an-  
tigen. The concentration of the antigen in the blood is then too ~,,- for excretion to occur. In subsequent exper-  



TABLE 2 

Results of Ex ~rtments with Sensitization of Guinea Pigs by Urine of the Experimental Dogs 

Animal No. Ser~itization . . . . .  Experiments! c0~ditiom and results 
(resolving Ir~e c ~ o ~  

1 Twice repeated semitization (Febru- Apri ! 26, 1956 in~avenous injection 
aty 10 and 12, 1956) with dog urine I ml whole dog serum. Animal 
taken prl':r to antigen administra- died after five minutes. 
tio,x Urine given subcutaneously 
(2 ml each timo). 

2 Ditto April 26, 1958 intravenous injection 
1 ml whole dog serum. No mani- 
festations of shock. 

3 Twice repeated sensitization (April April 26, !956 intravenous injection 
10 and 12, 1956) with dog urine 1 ml whole dog serum. Animal 
taken after antigen administration, died after fix minutes. 
2 ml urine given subcutaneously, 
Amount ofantigen 1), in 1 ml 
urine, amount of protein 0.066~ 

4 Ditto ~ April 26, 1956 intravenous injection 
I ml who]e dog serum. Animal 
died after four minutes. 

5 Twice repeated sensitization (April April 26, 1958 intravenous injection 
10 and 12, 1956) with complete ty- i 1 ml ~'hole dog serum. Piloerec- 
phoid antigen in 1:1000000 dilution, tion, rapid respiration, restlessness. 
2 ml subcutaneously, 

6 Ditto Intravenous injection 10 y antigen. 
7 Animal not sensitized. Intravenous injection 1 ml whole 

dog serum. No manifestation of 
~,hock. 

l ~ e e  of 
shock 

§162247 

,F+'~4 

I 
lments file toxic action of the antigen reduces the functional activity of the reticuloendothelial cells and they 
do not capture such large amounts of antigen as previously. This results in sufficient concentration of the anti- 
gen in the blood to ensure excretion in the urine. 

SUMMARY 

It was established that during immunization of dogs by the antigen of typhoid fever the latter was excreted 
by the kidneys. 

The index of clearance of the antigen varies from 0.08 to 3.68 ml per minute, which r from 
0.i1% to 2.57% of inulin clearance and from 0.41% to 3.96% of sodium thio~ulfate clearance. 

Excretion of typhoid fever antigen is not a process of simple filtration, but a complicated process in which 
both filtration and possibly reabsorption take part. 
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