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The following investigation was divided into two parts. The first was con- 
cerned with the rate and amount of excretion of soluble zsS-labeled hemocyanin 
(KLH) and bovine serum albumin (BSA) following a single intravenous injec- 
tion into normal rabbits and also with the properties of the excreted antigen 
material and its possible association with ribonucleic acid (RNA) or nucleo- 
tides. The second involved the release and excretion of 35S-labeled material 
which remained in tissues, or extravascular spaces, at 7 days following the pri- 
mary injection. This release was accomplished by injection of the unlabeled 
native protein antigen as described previously by Garvey and Campbell (1). 

In a recent report by Garvey and Campbell (2) the loss of antigen material 
from hepatic tissue following a secondary injection of the native protein carrier 
was clearly demonstrated by radioautography. Although much of the released 
material was taken up by spleen and lymph nodes, some of it escaped through 
the kidneys. I t  should be pointed out that the radioautographic studies did 
not bear out the speculation presented by Campbell and Garvey (3, 4) that re- 
lease of primary antigen resulted in uptake by adjacent hepatic cells and thus 
production of a "clone." However it is possible that clones of cells might be 
formed in lymphoid tissues by such a mechanism of release and transfer of an- 
tigen. The level may be too low for detection but still significant with respect 
to antibody formation. 

I t  was expected that the present study of excreted material would give fur- 
ther information as to the nature of retained antigen and also provide material 
for future investigation of the biological properties of the released material. 

Materials and Method~ 
Antigens.--Two soluble protein antigens were studied, namely, crystallized bovine serum 

albumin (BSA) obtained from Armour Pharmaceutical Co., Kankakee, Ill., and hemocyanin 

* Contribution No. 3398. 
;~ This investigation was supported by the National Institute of Allergy and Infectious 

Diseases. 
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112 URINARY EXCRETION OF ANTIGENS AND RNA 

(KLH) isolated from the blood of giant keyhole limpets and purified as described by Campbell 
et al. (5). These two proteins were conjugated with the diazonium salt of sulfanilic acid-35S, 
synthesized according to the method described in reference 5 a; these preparations of BSA-3~S 
and KLH-8~S were used as labeled preparations in primary injections. The initial specific 
radioactivity of both BSA-35S and KLH-~SS was approximately 6 #c/rag of protein which 
represented a sufficient amount of 35S (half-life of 87 days) for the antigens to be used about 
9 months. BSA-35S contained 20 azophenylsulfonate groups per molecule and KLH-~SS con- 
tained 30, the calculations being made from specific radioactivity measurements and average 
molecular weights obtained previously (6). 

Animals.--Adult male rabbits weighing 3-31/~ kg were selected, then allowed a period of 
1 month to adapt to laboratory conditions before being given an initial injection of labeled 
antigen. They were maintained on a standard diet of food and water. The usual primary in- 
jection, either BSA-3~S or KLH-3~S, was 20 mg in a 1 ml volume of saline, and the secondary 
injection (either BSA or KLH to correspond to the carrier protein given initially) was 5 nag 
in a 1/~ ml volume of saline. All injections were made into the marginal ear vein. At least two 
to four animals were used for each category of data unless stated otherwise. 

Collection of Urine.--In experiments reported before (7) rabbits were placed in metabolism 
cages and urine was collected at 24-hr intervals in a beaker containing a few milliliters of 
toluene. In the present experiments more effort was made to minimize possible degradation 
of excreted material by stimulating the rate of excretion, collecting urine at convenient short 
periods of 2-4 hr and adding ethanol immediately (see below) to the urine samples. Various 
diuretics that are used in the treatment of humans proved to be ineffective in prorated dosage 
for rabbits. The method chosen consisted of administering 500 ml of tap water into the stom- 
ach 2 hr after injection of antigen. This was done simply by immobilizing the animal in a 
supine position, inserting a catheter through the mouth, and allowing the water to flow into 
the stomach by gravity. In general, this procedure gave a relatively uniform pattern in the 
rate and volume of urinary excretion during the first 24 hr. During this period, 500-900 ml of 
urine was excreted at relatively regular 2-4 hr intervals beginning about 2 hr after introducing 
the 500 ml of water. Although the intragastric administration of 500 ml of water would be 
expected to be a fairly mild treatment, a few (20%) of the animals produced a trace of hemo- 
globin in the first sample of urine. 1 Consequently these samples were set aside and not pooled 
with later samples, all of which showed no trace of hemoglobin. Samples of urine were ob- 
tained as control material from all animals 24 hr prior to the initial injection of antigen. 

Analytical Procedures.--Before attempting to detect and isolate antigen and nucleic acid 
materials that might be excreted in urine, certain analytical methods had to be selected. As 
far as antigen was concerned, only that given in the primary injection was of interest. Since 
the antigen used in the primary injection was the only material containing a~S, radioactivity 
as determined by scintillation counting was used for the detection and estimation of antigen 
or antigen fragments. On the basis of previous studies by Garvey and Campbell (8) which 
indicated that the 3~S label remained attached to portions of the antigen after prolonged 
storage in rabbit liver, it w'as assumed that the label would be equally stable following excre- 
tion and indicative of the presence of antigen material. 

Analytical procedures for the detection and estimation of RNA or its degradation products 
were more difficult and equivocal. Three general types of analyses were made, namely, the 
orcinol reaction for pentose sugar as standardized with purified yeast RNA (9), organic phos- 
phorus (10), and UV absorption at 260 m#. As might be expected, the data from all three 
methods became more significant as the fractionation of urine proceeded, allowing separation 
and elimination of extraneous material. 

1 Studies of these samples indicated that the rate of excretion and nature of the antigen 
material was the same as in samples free of hemoglobin. 
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JUSTINE S. GARVEY~ DAN H. CAMPBELL~ AND MANIK L. DAS 113 

Other miscellaneous analytical procedures involved estimation of protein concentration 
from nitrogen determination, biuret reaction (5 b), and refractometry. Molecular weights were 
estimated by thin-layer chromatography using Sephadex G-100 superfine developed with 
0.05 ~ Tris-hydrochloride buffer (pH 7.5, containing 0.1 ~ KCI) as described by Andrews 
(11) and assuming molecular symmetry similar to the standards. Cytochrome, BSA, and syn- 
thetic polypeptides of known average molecular weight were used as reference standards. 

Fractionation Procedures.--In general, procedures were fairly well standardized but under- 
went minor modifications as the investigation proceeded. The volume of each specimen of 
urine was carefully measured at the time of collection and quadruplicate 0.5 ml samples were 
removed for duplicate assays of total 35S radioactivity (12) and of RNA material. In the initial 
experiments 10 ml samples of urine were separated into three fractions on the basis of solu- 
bility in ethanol at about I°C. The first fractionation was made by mixing the whole urine 
with 2 volumes, i.e., 20 ml, of 95% ethanol. The precipitate was removed by centrifugation 
and the supernatant was further fractionated into a precipitate (F-3) and a supernatant (F-4) 
by an additional 8 volumes, i.e. 80 ml, of 95% ethanol. The supernatant (F-4) fraction was 
concentrated by flash evaporation at about 40°C and reconstituted to a known volume of 
2.5-3.0 ml with distilled water. Likewise the precipitates from each alcohol precipitation were 
reconstituted in 2.5-3.0 ml water; F-3 was soluble in water but the precipitate obtained with 
2 volumes of ethanol was incompletely soluble in water, resulting in two fractions, F-1 that 
was insoluble and F-2 that was soluble in water. Assays were made to determine 3sS radio- 
activity and RNA material in the various alcohol fractions. (See Table III.) These experi- 
ments indicated that the solubility properties of some of the 3sS material excreted during the 
first 12 hr after injection differed from that excreted during the second 12 hr, i.e., 12-24 hr 
after injection. However, since most of the 35S occurred in the final alcohol-soluble fraction, 
i.e. in 10 volumes of 95% ethanol, even in the early stages of excretion, subsequent study was 
limited mostly to this fraction which was obtained in the following manner. 

20 ml portions of urine were mixed immediately after collection with 10 volumes of 95% 
ethanol. After about 30 min at --20°C the precipitate was removed by centrifugation and the 
supernatant was concentrated to almost dryness by flash evaporation at 40°C. The residue 
was then dissolved in 6.0 ml of water and placed on a 2 x 4 cm column of Dowex resin (1-X8, 
C1 form, 200-400 mesh). Elutions were made first with 100 ml of water, followed by 200 ml 
0.01 N HC1, then 250 ml 0.02 HC1 and finally 30 ml 3.0 M sodium salicylate. The salicylate 
eluate that contained most of the ass material was treated with 90 ml of 1.02 N HC1 to convert 
the salicylate to salicylic acid, which was subsequently extracted with three changes of 90 ml 
each of ethyl ether. In order to separate the NaCI from the antigen material, both of which 
remained in the aqueous phase, it was necessary to concentrate repeatedly by flash evapora- 
tion, using a large volume of absolute ethanol. For example, 10 volumes of absolute ethanol 
were added to the aqueous phase remaining from the ether extractions; this was evaporated 
until NaCI crystallized. Filtration on a sintered glass filter was used to remove the NaC1 from 
the concentrate. The latter was again treated with 10 volumes of ethanol, evaporated and 
filtered as previously. The procedure of adding alcohol, evaporating and filtering to remove 
NaC1 was repeated until such traces of NaC1 as remained were soluble in a few ml of ethanol. 
The few milliliters of alcohol concentrate, in which no more than a trace of NaCI lemained, 
was again concentrated almost to dryness and the resulting residue was redissolved in 3-4 ml 
absolute ethanol. Further fractionation was then made by paper chromatography using several 
solvent systems for comparing the resolution of radioactivity and UV absorption. These pre- 
liminary findings are presented in Fig. 1. However, the final analyses were based on elution 
from a 23 x 3 cm column of washed cellulose powder (Whatman Chromedia No. CF 11, form- 
erly designated Ashless-Standard Grind) using a 3 : 1 isopropanol-water mixture for develop- 
ment. Washing of the cellulose was performed prior to packing the column and consisted of 
sequential mixing, settling, and decanting from large volumes of isopropanol, water, and ab- 
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114 URINARY EXCRETION OF ANTIGENS AND RNA 

solute ethanol. The column was packed under suction and dried in a nitrogen atmosphere. 
The sample was then placed on the column and developed with 150 ml of the isopropanol-water 
mixture. The eluate was collected in 0.5 ml fractions from each of which 20/zl was sampled 
for liquid scintillation counting. The fractions were combined into five final pools as a result 

FIO. 1: Chromatograms of the 10 volume EtOH-soluble, Na  salicylate fraction from a 24 
hr sample of urine obtained after injection with BSA-35S. Solvents used were A, EtOH (70), 
butanol (30); B, isopropanol (60), water (40); C, isopropanol (75), water (25); and D, EtOH 
(50), water (50). Peaks of radioactivity rise vertically with the grid lines of the graphed rec- 
ords obtained with a strip scanner used to detect radioactivity. The strips from the chromat- 
ograms are mounted to coincide with the radioactivity peaks as the scanning actually oc- 
curred. The point of sample application (circle) and resolution of components (spots outlined 
as obtained from scanning with a short wave UV 260 m# absorption lamp) are indicated at  
the top of each respective graph of radioactivity. The component designated I was character- 
ized as a fine line of yellow fluorescence; component 2 as a spot of blue fluorescence; and com- 
ponent 3 as a strongly-absorbing spot. I t  is to be noted that  no resolution of components was 
observed with solvent A, and in the other three solvents, each of which resolved three compo- 
nents, the optimal resolution was with solvent system C. The high radioactivity peak to the 
extreme right of the assay of solvent D is a location marker. 

of finding peaks of radioactivity and color changes that  indicated probable differences in 
composition due to a varying number of diazonium groups per antigen fragment. Each pool 
of fractions was concentrated to a 2 ml volume. The following assays were made to character- 
ize the composition of these pools that  represented the final step in isolation: paper chroma- 
tography with development in 3:1 isopropanol-water and appropriate scanning to locate 
radioactivity and UV absorption; phosphorus determination (10), UV absorption at 260 m/z, 
and the orcinol reaction (9) to estimate the total content of nucleic acid; liquid scintillation 
counting to estimate total antigen as based on the specific radioactivity of the original injected 
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JUSTINE S. GARVEY~ DAN H. CAMPBELL, AND MANIK L. DAS 115 

antigen; Sephadex thin-layer chromatographs (C~100 superfine) developed in Tris-HC1 buffer, 
pH 7.5, (11) and scanned for radioactivity and UV absorption to determine the distance of 
migration compared with standards of known molecular weight that were assayed similarly. 

When attention was directed to biological studies, larger samples were required for which 
procedures were modified accordingly. 

RESULTS 

Rate of Excretion of BSA-*aS and KLH-85S Following Intravenous Injection 
into Normal Rabbits.--Four rabbits were injected with BSA-3sS and another 

TABLE I 

Rate of Antigen Ex~retlon During 24 Hr Periods after Injection 

Time 

0-4 hr. 
4-8 " 
8-12 " 

12-16 " 
16-24 " 

2 days 
3 " 

4 " 
5 " 

6 " 
7 " 

8 days 
9 " 

10 " 

Average Accumulative Percentage 

BSA-US 

18 
41 
56 
67 

(71)* 

88 (17) 
92.0 (4.0) 
93.8 (1.8) 
95.0 (1.2) 
95.4 (0.4) 
95.s (0.1) 

KT.H.te S 

8 
26 
50 
69 

(74) 

87 (13) 
91.6 (4.6) 
93.9 (2.3) 
95.2 (1.3) 
95.7 (0.5) 
95.9 (0.2) 

Reinjection 

BSA 

96.6 (1.1) 
97.1 (0.5) 
97.3 (0.2) 

KLH 

97.4 (1.5) 
98.i (0.7) 
98.5 (0.4) 

* The amount (in per cent) excreted daily is given in parentheses. 

group d four rabbits were injected with KLH-SsS, the amount d each antigen 
being 1 ml in a 2 % protein concentration. Water was fed 2-3 hr later, after 
which time the animals were observed at least hourly so that voided urine could 
be collected and assays begun promptly. Considerable variation occurred in the 
amount of antigen excreted during the several hours that immediately followed 
the injection; this was true for values of individual rabbits given the same an- 
tigen and also for values of animals given one antigen compared with the other 
antigen. The latter finding is obvious in comparing the data above the horizontal 
line in Table I, where accumulative percentages are given for five intervals of 
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116 URINARY EXCRETION OF ANTIGENS AND RNA 

time during the first 24 hr following the injection of antigen. From 12 to 24 hr 
there is little d~fference between the two antigens whereas considerable difference 
existed earlier. At the end of the first 24 hr period more than 70 % of the injected 
antigen was accounted for by the accumulative per cent of radioactivity. At 

I O0.O 

>- 
I.- I0.0 > 
I-- 
(.3 ,¢[ 
o 

<[ 

t~ 
Ld 
I-- 
U 
i.iJ 

# 1.o 

Doily rote ond ef fec t  o f  
re in jec t ion  of Ag 

o ,  

~.g* Ag. 

0 I 2 3 4 5 6 7 8 9 I0 II 12 
DAYS 

FXG. 2: Percentages of radioactivity excreted daily after primary injection o~ sulfa~ilate 
(asS)-labeled antigen on day 0. On day ? the unlahdat native protein ttmt had been used 
originally as carrier was reinjected. The rise in excreted radioactivity that subsequently oc- 
curred is indicated as percentages for days 8-10. 

each succeeding interval of 24 hr, i.e. day 2-8, the total per cent excreted in 
any one 24 hr period (value in parentheses) is added to the total per cent ex- 
creted previously to give the total per cent excreted from the time antigen was 
injected (value preceding the one in parentheses). If the latter figure is sub- 
tracted from 100%, the value obtained is the calculated amount retained at 
that particular time, e.g. the per cent of BSA-35S retained 2 days following in- 
jection = 100 -- 88 or 12%. 
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~USTINE S. GARVEY, DAN H. CAMPBELL, AND MANIK L. DAS 117 

Rate of Excretion of a Labeled Primary Injection after Reinjection of Unlabeled 
Native Carrier Protein.---On day 7 from 0 time for the primary injection, 0.5 
ml of 1% BSA was injected into two of the animals previously injected with 
BSA-8~S and a similar injection of K.LH was made into two animals injected 
previously with KLH-ssS. The other two animals in each group were main- 
tained as controls and given only water for diuresis. After the reinjection of the 
antigen, the rate of excretion of the retained labeled antigen was increased 
7- to ll-fold or roughly one log (Table I). The controls, that were not reinjected, 
were observed for 20 days and showed a rather constant rate of excretion 
after day 7 that was about 0.1% daily of the initial injection of either antigen. 
The log increase that occurred in the rate of excretion, as a result of reinjection 

T A B L E  I I  

Accumulative Mg RNA (Orcinol Test) Excreted during 24-Hr Periods 

Antigen Normal Primary Secondary 

BSA 

KLH 

190 --~ 230 ---, 270 

206 --* 225 --* 257 

188 --~ 237 -':, 278 

203 ---' 255 ~ 290 

of specific antigen, is particularly obvious in Fig. 2 where values are plotted 
that are shown in parentheses in Table I. The points in Fig. 2 are for the total 
m o u n t  of label excreted in each successive day after the primary injection and 
also from days 8-10 that followed the reinjection of antigen. Reinjection of 
antigen into other rabbits was also tried at other time intervals, but the most 
pronounced increase in excretion of retained antigen occurred no later than 10 
days after the initial injection. 

Rate of E~ccretion of BSA-asS and KLlt-8~S Following Intravenous Injection 
of a Small Dose.--No detailed study was made of the relation of the amount of 
antigen injected to the amount excreted, but one such study involved injection 
of a dose that was ~'~oo of that used in the above study. Four rabbits received 
an injection dose that was equal in both protein and radioactivity to ~ 0 0  of 
that  described previously (i.e. 0.2 mg instead of a dose of 20 mg) but given in 
the same volume of 1 ml. Two rabbits received BSA-8~S and two rabbits re- 
ceived KLI-I-85S. At the end of the initial 24 hr period after the injection the 
amount excreted was ~ o 0  of the amount following the larger dose. (Studies on 
the clearance of antigen from the blood stream, to be reported later, did not 
show such a direct correlation with the dose injected.) 

Excretion of RNA.--In view of our previous studies that resulted in the 
isolation of antigen-RNA complexes from livers of immunized rabbits (7, 13), 
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T A B L E  I I I  

Relative Concentration of sins and RNA in the Ethanol Fractions of Urine following Primary 
and Secondary Injection of Antigen 

BSA 

Time Fraction ~S RNA 

KLH 

1st I 2nd 1st 2nd Ist 2nd 1st 2nd 

hr 

0--4 F-1 37 < 1  7 < 1  54 < 1  < 1  < 1  
F-2 4 26 12 62 9 13 6 11 
F-3 8 30 6 4 6 41 14 37 
F 4  51 43 75 35 31 46 80 52 

4-8 F-1 24 N 2  < 1  < 1  32 < 1  < 1  < 1  
F-2 12 13 4 22 6 9 1 5 
F-3 13 31 8 24 11 21 4 12 
F-4 51 55 88 54 51 70 95 83 

8--12 F-1 23 N 1  < 1  < 1  14 < 1  < 1  < 1  
F-2 5 14 2 5 8 21 1 11 
F-3 6 24 8 6 6 38 3 23 
F 4  66 61 90 88 72 41 96 66 

12-16 F-1 12 ,'.-,2 5 < 1  8 < 1  < 1  < 1  
F-2 4 9 6 4 3 24 5 12 
F-3 8 38 10 10 8 31 7 18 
F-4 76 52 79 86 81 45 88 70 

16-24 F- I  7 2 7 < 1  < 1  < 1  < 1  < 1  
F-2 4 11 10 7 5 26 5 16 
F-3 5 36 17 19 8 34 4 43 
F 4  84 50 66 74 87 40 91 41 

In  1% NaCI* F-1 0 
F-2 82 
F-3 9 
F 4  9 

In normal  F-1 60 
urine~ F-2 25 

F-3 2 
F-4 13 

< 1  
15 
37 
48 

< 1  
3 

92 
4 

69 
22 

2 
7 

1 
16 
37 
47 

* 2 mg  ant igen added to 10 ml  of 1% NaCI.  No  R N A  added.  
;~ 2 " " " " 10 " " urine. " " " 

F-I :  precipitate with 2 vol. E tOH;  insoluble in water.  
F-2: " " 2 " " ; soluble " " 
F-3: " " 10 " " ; " " " 
F-4: s u p e m a t a n t  " 10 " " ; " " " . 
s6S: Per cent  radioactivity relative to total  cpm in fractions. 
R NA:  Per cent  orcinol-positive material  s tandardized with purified yeas t  R N A .  
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JUSTINE S. GARVEY, DAN H. CAMPBELL, AND MANIK L. DAS 119 

it seemed worthwhile to determine whether such an association of antigen and 
RNA existed in excreted material, particularly after the secondary response. In 
carrying out such a study it was necessary to apply analytical methods that 
had been used under other conditions than for detection of RNA or its break- 
down products in urine since only minor attention had been given previously 
to the presence and detection of RNA in urine. 

The orcinol reaction was used to determine RNA material in 24 hr pooled 
samples of urine before and after the primary injection of antigen, also before 
and after the secondary injection of unlabeled carrier protein. Separate pools 
were made from samples of four animals assayed previously for excreted radio- 
activity (Fig. 2 and Table I). As indicated in Table II, an increase in substances 
that gave an orcinol-positive reaction was detected after both the primary and 

TABLE IV 

Fractgonalgon of Whole Urine ~.q~k 10 rol Etkanol 

24 hr pool after secondary injection. 

Fraction Net  total Ag RNA Ag: RNA 

cpm mg m& 

EtOH~-insoluble 130,140 0.157 123 1: 783 
EtOH---soluble 147,000 0.177 146 I: 825 

secondary injections of antigen. Since the concentration of orcinol-positive ma- 
terial was essentially the same before both the primary (labeled) and secondary 
(unlabeled) injection of antigen, this value was considered as normal. The in- 
crease in the values obtained in the orcinol reaction was roughly proportional 
to the exponential rise in 8~S excreted during the 4-16 hr period following pri- 
mary injection of antigen but thereafter, no consistent correlation was detected 
in 85S and RNA. 

Fractionation of Urine with Etkanol.--Samples were fractionated initially 
according to the procedure that yielded four fractions per sample, (see Ma- 
terials and Methods) and the samples, representing various time intervals fol- 
lowing primary injection, were the same as those studied in the top of Table I. 
All fractions were analyzed for s~S and RNA (orcinol), for which the relative 
percentage values are given in Table III. 

In general, the antigen material as well as the orcinol-positive material ap- 
peared to be present predominantly in the F-4 fraction which had an ethanol 
concentration of about 90%. There was also a definite trend for material to 
become more alcohol-soluble with time, e.g., in the 16-24 hr period as com- 
pared to the 0-4 hr period. Although it is of doubtful significance, the value for 
RNA seemed to peak at the 8-12 hr period. 

When a similar fractionation was performed using urine that was collected 
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I20 URINARY EXC1LETION OF ANTIGENS AND RNA 

after the reinjection of the unlabeled carrier protein, (see Table I and Fig. 2) 
it was found that the radioactivity and RNA could not be so selectively con- 
centrated in one fraction as had been the case with urine collected after the 
primary injection. Table I I I  indicates this tendency toward a distribution 
among the fractions that were assayed after the secondary injection. 

Another observation regarding the secondary injection indicated a somewhat 
equal distribution of antigen material and RNA in each of the two fractions ob- 
tained by treatment with 10 volumes ethanol (Table IV), the sample being 
24-hr pooled urine, obtained after the reinjection of antigen (BSA). The find- 
ings in Table I I I  that refer to secondary injection are similar to those in Table 
IV since an average of about 50 % of the radioactivity was in F-4 after reinjec- 

TABLE V 

Fractionation of Alcohol-Soluble Fraction on Dowex-1 Resin 

Ehmnt Primary* Secondary~ 

It20 
0.01 N HC1 
0.02 N HC1 
3 vr NaCTI-t+Oa 

% cpm 

0.24 
1.38 

14.72 
63.4O 

% Riga 

47 
16 
3 

21 

% cpm 

! .08 
10.03 
20.05 
52.66 

% RNA 

42 
12 
lO 
18 

* Applied cpm 2 X 106; RNA 12 mg. 
~; " " 4 5 X  10~; " 12 " 

tion of BSA and the percentage of RNA material in F-4 remained at a similar 
relative percentage for approximately 8 hr following the reinjection of antigen. 

Despite the generally recognized difference in the immunogenicity of BSA 
and KLH, it did not seem to be reflected in any differences in excretion values. 
Therefore, subsequent studies were limited to BSA-35S. 

Fractionation of the Alcohol-Soluble (F-4) MateriaL--Ethanol was evaporated 
from the F-4 material; this avoided excessive drying. The residue, dissolved in 
water, was added to a column of Dowex 1 resin. When the sample had pene- 
trated the resin, -water, 0.01 N HC1, 0.02 N HC1, and 3 ~ sodium salicylate 
were added sequentially. Multiple fractions were collected initially to determine 
the volume for optimal elution with each solution; thereafter, a batch collec- 
tion was made of each eluting solution. Each of the latter was concentrated 
and treated further if required, e.g., desalting of the sodium salicylate fraction. 
When assayed for radioactivity and RNA, the percentage of the amount 
applied was distributed as shown in Table V with at least an 80 % recovery. 
The figures in Table V are a summary for specimens pooled in a 24 hr period 
after initial injection of BSA-3~S and also after a secondary injection of BSA. 

Chromatography.--The bulk of the RNA material was eluted from the 
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JUSTINE S. GARVEY, DAN H. CAMPBELL, AND MANIK L. DAS 121 

Dowex resin free of radioactivity. The radi'oactivity was eluted with sodium 
salicylate and this eluant also contained a high percentage of RNA material. 
I t  was this latter fraction, containing more than 60% of applied radioactivity 
and approximately 20 % of RNA material, that was further fractionated on a 
cellulose column that was eluted with 3:1 isopropanol-water mixture. The final 
isolated materials (Table VI) were made available in preparative amounts for 

TABLE VI 
Partition Chromatography of Na-Salicylate Fraction on 

Primary 

Pool Ag 

~f 

17.3 
40.0 

1722.8 
1765.8 
2246.0 

RNA 

~g 

5472 
1000 
6360 
9405 
2650 

Ratio 

1:316 
1:25 
1:4 
1:5 
1:1 

~ellulose with Isopropanol--Water (3:1) 

Secondary 

Ag RNA 

~g ~g 

0.033 5160 
O. 024 2220 

10.440 10020 
13.356 3402 
14.883 3444 

38.736 24246 Total . . . . . . .  5791.9 24887 

TABLE VII 
Calculated Recovery of Antigen 

Primary Secondary 

Ratio 

1:960 
1:255 
1:231 

Excreted in 24 hr 
EtOH---soluble 
NaCTH6Oa 
Cellulose 

70 = 14000 
75 = 10500 
65 --- 6825 
90 = 6143 

1.1 -- 220 
55 = 120 
55-- 66 
9 0 =  59 

Actual total recovery,/~g 5792 39 

further study. One such study was thin-layer chromatography used in an at- 
tempt to gain some idea of molecular size of the fractious. From such studies it 
may be concluded that the isolated material is still quite heterogeneous with a 
range of molecular weights under 5000. Because the characterization is not 
completed, the precise composition of the antigen-RNA components is un- 
certain. Meanwhile the measurement of radioactivity is used to estimate the 
amount of antigen material assuming that it has the characteristics of the an- 
tigen that had been used for injection and, similarly, purified yeast RNA is 
used as the reference standard for the orcinol determinations that were the 
basis for estimation of nucleic acid material. The resulting calculatious led 
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to the ratios given in Table VI. When an estimate is made of the recovery of 
radioactivity, i.e. the initial injection, the figures in Table VII average approxi- 
mately 30 % for the primary injection and about 0.2 % resulting from secondary 
injection of the unlabeled protein that resulted in washing out of the primary 
injection. 

DISCUSSION 

The present investigation points out once again than an intravenously in- 
jected soluble antigen is to a large extent excreted in the urine regardless of 
whether it is an antigen of fairly low molecular weight such as BSA or a high 
molecular weight antigen such as hemocyanin. Earlier studies by Ingraham (14) 
using mice and bovine~-globulin labeled with 85S snlfanilate showed that about 
75 % was excreted i~ 24 hr. Our previous studies (6) using rabbits and similarly 
labeled hemocyanln gave essentially the same results. Other investigators using 
181I-labeled proteins noted the excretion of large amounts of 131I but the sig- 
nificance has been questioned since much of the mI  was in an inorganic form. 
[See the review by Campbell and Garvey (3) for more extensive discussion.] The 
surprising aspect demonstrated by the presentstudy was the rapidity of excretion 
following a primary injection which was at  least 50% in 12 hr. The question 
arises as to whether such rapid degradation takes place in the blood or in ex- 
travascnlar compartments. Since the loss of 8sS-labeled antigen from the circu- 
lation closely parallels the appearance in the urine, one can only speculate 
that the reaction takes place in the circulation. Also of significance was the 
finding that when the dose level of the primary injection was reduced to 1:100, 
the rate of excretion was essentially the same. This would suggest that an equi- 
librium is established between a proteolytic system and the foreign protein and 
is regulated by the concentration of the latter. However, studies showed that 
differences in the rate of loss from the circulation were not proportional to the 
amount injected. (These studies will be completed and reported later.) Until fur- 
ther studies are made one can only speculate as to whether degradation of anti- 
gen is the result of proteolytic enzymes in the serum or of intraceUular diges- 
tion by circulating granulocytes (Speirs and Speirs, 15) and macrophages lining 
sinusoids, resulting in rapid breakdown and release of antigen fragments plus 
RNA. The fact that even after a primary injection, some of the antigen ma- 
terial is associated with RNA would suggest the possibility of at least some in- 
tracellular degradation. 

In the present investigation no studies were made of the excretion rate of a 
secondary injection. The excretion and nature of the labeled antigen which 
remained in the tissues after the primary injection were of chief concern, so that 
in these experiments, the secondary injection consisted of the unlcbele~ native 
p r o ~  carrier. However, when in previous studies (6) attention was directed to 
the rote of excretion of the secondary injection, it was clearly demonstrated 
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that antigen disappears faster from the circulation and is excreted at a faster 
rate when it is injected into a sensitized animal than when it is injected into 
a normal animal. 

There is no doubt that antigen material excreted in the urine is quite hetero- 
geneous with respect to both physical and biological properties. This of course 
would be expected since the breakdown of the protein molecule would result in 
fragments representing different portions of the protein molecule as has been 
shown by Lepresle and his collaborators (16) and the demonstration of specific 
determinants on internal molecular structures by Ishiza~a et al. (17). Hetero- 
geneity of excreted antigen material was not only evident at any given time, 
but also with respect to time. This was particularly evident following the primary 
injection. For example, on the basis of alcohol solubility (Table III)~ the amount 
of ssS material that was soluble in 10 volumes of ethanol at 4 hr was about 50 % 
for BSA and 30% for KLH. After 16 hr about 80% of either antigen was soluble 
in the high concentration of alcohol. There is likewise some indication of hetero- 
geneity of RNA material at the alcohol stage of fractionation, but this became 
more obvious with the fractionation on Dowex resin (Table V). It was by 
means of the latter fractionation that most of the RNA material, particularly 
all that was present as free bases and nucleosides (18) was separated (water 
and acid fractions) from nucleotides associated with antigen material (sodium 
salicylate fraction). The latter, when further fractionated on cellulose, re- 
suited in a separation of materials varying in amounts of organic phosphorus 
and radioactivity. Bands of varying color on the column were assumed to indi- 
cate a separation of materials with varying degrees of azo linkage. More exten- 
sive characterization is required to determine what degree of heterogeneity in 
these final fractions can be attributed to antigen material and to nucloeotide 
material. Studies, to determine whether the nucleotides found after injection 
of antigen are characteristically different from those normally present, are 
under current investigation. 

As might be expected from our previous studies (7), at least some of the anti- 
gen material retained in the liver following a primary injection was released in a 
condition similar to that obtained upon extraction from the liver. Previous 
studies (13) indicated that with increasing time the polynucleotides found 
associated with antigen fragments are of increased size. The present finding is an 
increased amount of orcinol-positive material in association with antigen ma- 
terial after secondary injection as compared with primary injection (Table VI). 
These results point to the need for precise characterization of the RNA-antigen 
material that would distinguish the extent of quantitative and qualitative 
changes influenced by injection of antigen. Also related to this discussion is a 
previous unpublished finding originating from studies that were based on a 
fractionation of whole urine into dialyzable and non-dialyzable material. A 
relative increase in the percentage of non-dialyzable radioactivity compared 
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with dialyzable radioactivity resulted with increasing time after a single in- 
jection of a radioactive antigen; i.e., at 1 day the percentage of non-dialyzable 
radioactivity was 1-2 % of the total but with the gradual increase that occurred 
over a period of 10 days, the non-dialyzable radioactivity increased to more 
than 12% where the level either plateaued or showed random increases for 
the remaining period of the 20 days during which samples were collected and 
assayed. 

Aside from providing information regarding the excretion of antigen material 
the investigation indicates the importance of giving more attention to urinary 
excretion of immunological by-products. The biological significance of excreted 
antigen material and of such material associated with RNA requires intensive 
investigation, but preliminary studies carried out in vitro indicate very signifi- 
cant immunogenic properties for some of these isolated materials. 

The question arises in this, as well as in our previous investigations, as to 
the physical relationship of the antigen to the RNA which is isolated as unique 
components of liver tissue as well as urine. All that one can state at present is 
that such components are stable under mild conditions of salt precipitation, 
chromatography, electrophoresis, and analytical centrifugation. When dis- 
sociated (7), neither the RNA nor the antigen fragment has shown any stimu- 
latory action in our work with respect to antibody formation. Numerous re- 
ports (19-22) have been made of the immunogenicity of nucleoprotein material 
isolated from various tissues of immunized animals but with the exception of 
Askonas and Rhodes (23), who related the immunogenicity to the antigen 
content of their RNA preparations, the presence of antigen together with 
the nucleic acid has received little attention. It seems logical at this point 
that there must be some binding, otherwise the method of phenolic extraction 
that has been commonly used to isolate nucleic acid would be expected 
to separate the two components; however, with the sensitivity provided by 
radioactivity, antigen material was detected in the RNA (13, 23). 

SUMMARy 

Two soluble antigens, BSA and KLII labeled with sullanilate-35S, when in- 
jected intravenously into normal animals, were excreted in the urine to over 
70% in 24 hr. Over the next 6 days, 25 % more was excreted after which 
time only a trace could be detected. Much of the antigen remaining from the 
primary injection appeared in the urine following a secondary injection of the 
unlabeled protein carrier at 7 days after primary injection. 

The antigen material found in the urine was quite heterogeneous with respect 
to physical properties and much of it was associated with RNA material as 
shown by chromatographic analyses. The main difference between the labeled 
material released foUowing the primary and secondary injection was the higher 
degree of association of antigen material with nucleotide material after second- 
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ary injection as compared with primary injection. Further study is needed to 
distinguish qualitative from quantitative changes of the components, antigen 
and nucleic acid, and also the nature of their association. Possible similarities 
were found for the RNA-antigen material released from tissue after secondary 
injection of unlabeled antigen, and the material that was isolated previously 
from liver. 

The assistance of Mr. Bror Clark, Mr. David Acker, Mrs. Yvonne Matesich, and Mrs. 
Berta Weliky is gratefully acknowledged. 

BIBLIOGRAPHY 

1. Garvey, J. S., and D. H. Campbell. 1958. The in r/vo identification in liver tissue 
of an S35-azo label with its protein carrier. Arch. Biochem. Biophys. 73:507. 

2. Gaxvey, J. S., and D. H. Campbell. 1966. Autoradiographic investigation of tissues 
after primary and multiple antigenic stimulation of rabbits. Nature. 209:1201. 

3. Campbell, D. H., and J. S. Garvey. 1963. Nature of retained antigen and its role 
in immune mechanisms. Advan. Immunol. 3:261. 

4. Campbell, D. H., and J. S. Garvey. 1965. Localization and fate of foreign anti- 
gens in tissues. In Immunological Diseases. M. Samter, editor. Little, Brown 
and Company, Boston, Mass. 18. 

5. Campbell, D. H., J. S. Garvey, N. E. Cremer, and D. H. Sussdorf. 1963. Prepara- 
tion of high-moleeulax-weight hemocyanin. In Methods in Immunology. W. A. 
Benjamin, Inc., New York. 69; (a) 79; (b) 51. 

6. Garvey, J. S., and D. H. Campbell. 1954. The relation of circulating antibody 
concentration to localization of labeled (S sS) antigen. Y. ImmunoL 72:131. 

7. Garvey, J. S., and D. H. Campbell. 1957. The retention of SSS-labeled bovine serum 
albumin in normal and immunized rabbit liver tissue. ]. Exp. Med. 105".361. 

8. Garvey, J. S., and D. H. Campbell. 1958. Effect of secondary injections of antigen 
upon the retention in liver of a primary injection. Y. Exp. Med. 107:497. 

9. Mejbanm, W. 1939. lJber die Bestimmung kleiner Pentosemengen, insbesondere 
in Derivated der Adenylsgure. Z. Physiol. Chem. 258:117. 

10. Allen, R. J. L. 1940. The estimation of phosphorus. Biochem. Y. 34:853. 
11. Andrews, P. 1964. Estimation of molecular weights of proteins by Sephadex gel 

filtration. Biockem. J. 91:222. 
12. Garvey, J. S. 1967. Radioisotopes and their applications. In Methods in immu- 

nology and Immunoehemistry. M. W. Chase and C. A. Williams, editors. Aca- 
demic Press Inc., New York. 1: in press. 

13. Saba, A., J. S. Garvey, and D. H. Campbell. 1964. The physicochemical charac- 
terization of the ribonueleic add-antigen complex persisting in the liver of im- 
munized rabbits. Arch. Biochera. Biophys. 105:179. 

14. Ingraham, J. S. 1951. Artificial radioactive antigens. 1. Preparation and evalua- 
tion of SSb-sulfanilie aeid-azo-bovine-7-globulin..L Infect. Diseases. 89:109. 

15. Speirs, R. S., and E. E. Speirs. 1964. Cellular reactions to reinjection of antigen. 
J. Immunol. 99.:540. 

16. Lapresle, C., M. Kaminski, and C. E. Tanner. 1959. Immunoehemieal study of 

 on A
ugust 22, 2006 

w
w

w
.jem

.org
D

ow
nloaded from

 

http://www.jem.org


126 URINARY EXCRETION OF ANTIGENS AND RNA 

the enzymatic degradation of human serum albumin: an analysis of the anti- 
genic structure of a protein molecule. ].  Imrnunol. 82:94. 

17. Ishizaka, T., D. H. CampbeU, and K. Ishiza~a. 1960. Internal antigenic determi- 
nants in protein molecules. Proc. Soc. Exp. Biol. Med. 103:5. 

18. Co]an, W. E. 1950. The anion-exchange separation of ribonudeotides. J.  Am. 
Chem. Soc. 72:1471. 

19. Sterzl, J., and M. HrubegovL 1956. The transfer of antibody formation by means 
of nucleoprotein fractions to non-immunized recipients. Folia Biol. (Prague) 2:21. 

20. Freidman, H. 1963. Appearance of anti-bacterial agglutlning in X-irradiated 
rabbits receiving immune spleen nucieoproteins. Experientla. 19:537. 

21. Fishman, M., and F. L. Adler. 1963. Antibody formation initiated in z, itro. II. 
Antibody synthesis in X-irradiated recipients of diffusion chambers containing 
nucleic acid derived from macrophages incubated with antigen. ].  Exp. Med. 
117:595. 

22. Michelazzi, L., G. Nanni, I. Baldini, and A. Novelli. 1964. Presence of 'RNA im- 
muno-carrier' in immune rabbits' serum. Experientia. 20:447. 

23. Askonas, B. A., and J. M. Rhodes. 1965. Immtmogenicity of antigen-con~aln;ng 
ribonucleic add preparations from macrophages. NaSure. 205.'470. 

 on A
ugust 22, 2006 

w
w

w
.jem

.org
D

ow
nloaded from

 

http://www.jem.org

