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TABLE XI. Total Kcwvt~ry of Crystailiiie Vitaniiii B,, Added to Seruin before Extraction. All 
values in ppg/ml. 

B,, added to Expected ad- 70 recovery 
Seruin Eiiilogeiiou~ seru111 befow tlitional B,, Vit.  B,, level of expected 

(Table I) Vit. R,, level eutractioii in extract” assayed total 

genous B12 level of the seruni extract used 
in preparation of the standard curve. How- 
ever: this error is minimized by choosing a 
serum with the lowest Bj12 level (least inhibi- 
tion of binding of 100 ppg Co.”-B12 by I.F.) .  

Serum Vit. BIZ concentrations in normal 
controls and in patients with pernicious ane- 
mia and leukemia reported above agree. in 
general. with levels obtained employing mi- 
crobiological assay procedures ( 7.8 ) .  A more 
precise and critical comparison can be made 
only when many more sera are assayed simul- 
taneously by both methods. 

Summary. Based on some observed prqi- 
erties of the B12-I.F. complex. an assay pro- 
cedure is described for determining seruni 
Vit. BI2 levels using isotopically labeled \‘it. 
B12 and intrinsic factor. 83*%-112c/o of crys- 
talline Vit. B12 added to serum was recovered 
in the assay. Concentrations of Vit. B12 in 
normal, BIZ deficient, and leukemic sera were 
in the ranges, 104-328 ppg/ml, 0-72 ppg “ml 
and over 1000 ppglml respectively. 
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Antigen Elimination from the Site of Arthus Phenomenon in the 
Guinea Pig” (26841) 

GEORGE A. KOUTKAS . m i )  ROBERT F. SCHILLING 
Department 0.f Medicine, l:nivprsity 0.f Wisconsin Medical School, Madison 

Almost 60 years have passed since Arthus from the injection site has not been clearly 
i 1) using horse Serum injected into rabbits, delineated. The gross physical manifesta- 
de~cribed the Phenomenon that bears his tions of this reaction are usually apparent 60 
name, but its effect on the removd of antigen minutes after injection the antigen, a d  

* Supported by grants from Yat. Inst. Health and thus one might anticipate a effect on antigen 
Commonwealth Fund. removal during the first few hours after in- 



ANTIGEN ELIMINATION FROM ARTHUS PHENOMENON 49 

jection. We have not found data in the liter- 
ature comlparing rate of removal of soluble 
antigen during the first 12 hours after subcu- 
taneous injection into immune and control 
animals. Wadsworth( 2) in 1904, showed 
that when virulent pneumococci were placed 
in the lungs of immune rabbits, the degree of 
septicemia was less than in controls. Immune 
animals would develop diffuse exudative le- 
sions comparable to the lobar pneumonia d 
man, but they ordinarily survived, whereas 
control animals died with bacteremia. 

Opie(3) demonstrated that more egg al- 
bumin remained at  injection site a t  24-72 hr 
in immune rabbits than in control animals. 
He did not make observations at  less than 24 
hours and used large amounts of antigen 
(25 mg). 

Krause( 4)  , studying tuberculous infection 
in the guinea pig, observed that in the im- 
mune animals, after virulent subcutaneous 
infection a great delay occurs in transmission 
of tubercle bacilli from the point af entry to 
the customary places of localization within 
the body; he attributed this delay to the 
mechanical effect of the inflammatory proc- 

Menkin’s ( 5 ) studies showing slower re- 
moval of india ink or bacteria from the non- 
specifically inflamed peritoneal cavity are 
not necessarily analogous to the effects of in- 
flammation due to immune processes. 

Rich( 6 ) .  demonstrated that pneumocmd 
are localized at  site of intracutanmus injec- 
tion in immune animals. He interpreted his 
data as showing that antibodies acted speci- 
fically to immobilize bacteria bafore the in- 
flammatory response was apparent. 

Recently, Talmage, Dixon, Bukantz and 
Dammin( 7 ) ,  and Law and Wright(8), study- 
ing the rate of antigen elimination after intra- 
venous injection, noted a more rapid f d l  in 
Mood antigen concentratlion in immune ani- 
mals compared to normals. 

In  the following experiments, with the aid 
of radioisotopes, we have studied the effect 
of the Arthus phenomenon on elimination of 
the antigen from the s u b c u t a n ~ u s  tissue of 
immune and control guinea pigs. We have 
also observed the effect of such an imlmunc 
response on rate of disappearance of non- 

ess. 

antigen from the site af the Arthus phenome- 
non . 

Materials and methods. A .  Materials: 
1. Young adult guinea pigs (280-300 g, about 
4 weeks old) were fed Yurina chow ad libi- 
tum. Immune and control animal pairs carry 
the same number for identification. 2. Ar- 
mour crystallized bovine serum albumin, 
(BSA) . 3. Huiman gamma-globulin (HGG) , 
isolated from a myeloma patient (9 ) .  4. Cya- 
nombalamin with Co60 incorporated bimyn- 
thetically ( B,2C060). 5.  Hutman plasma al- 
bumin (HPA). 6. Freund’s adjuvant (Bayol 
8.5, Arlacel 1.5, and 5 mg/ml of mycobacte- 
rium bvis ) .  B .  Methods: 1. For immuniza- 
tion each guinea pig received an emulsion of 
2.5 mg crystallized bovine serum albumin in 
0.25 ml saline and 0.25 ml Freund’s adjuvant. 
Three weeks later sera from heart blood were 
tested qualitatively for precipitating anti- 
bodies: the test was positive in 22 out of the 
26 immunized guinea pigs. This was the only 
immunizing antigen injected and throughout 
this report “immune animal” refers to one 
given BSA in Freund’s adjuvant 3-5 weeks 
before these studies. 2.  BSA and HGG were 
radioiodinated according to the technic of 
Talmage et d ( 7 )  ; a t  least 95% Olf 1131 was 
in trichloracetic acid precipitate. 3) The 
radioactive solution to be studied (0.1 ml) 
was injected from a tuberculin syringe into 
the pad of a rear foot. Specific details con- 
cerning amount and kind of material injected 
for study are found in the legends for tables 
and figures. 4) Radioactivity remaining in 
the injected foot was assayed in vitro or in 
vivo with a scintillation detector coupled to 
a single channel pulse height analyzer. When 
2 different isotopes (Ird1 and Co60) were in- 
jected simultaneously the amount of each re- 
maining was measured by scintillation spec- 
t rometry . 

Results. Swelling, redness and edema and 
increased heat were noted during the first 
hour in the antigen injected foot of immune 
animals having precipitins in their serum. 
The Arthus reaction was lacking or minimal 
in those guinea pigs which did not develop 
precipitins. I. Removal of antigen from the 
site of injection in immune and control 
guinea pigs: a) Fig. 1: 2 and 3 show rarlioac- 
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FIG. 1. TWO irriniuiic nnrl 2 control guiiiea ]jigs in,j. with 0.6 mg of BSAIrY1 in right recar 
foot. Each liric represents iti vivo ckteriniiiation of radioactivity remaining in inj. foot in one 
animal. 

FIG.  8. Oiie inlinunt: a i d  oiiu control guiiiea pig inj. in right rear foot with iJ, mixture of 0.5 
rng of BSAI1= and 0.5 pug of Vit. B,,CoSO, the latter being in excess of B, binding capacity of :he 
protein. Each line represents in vivo determination of radioactivity due to 11” or Cow remmn- 
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TABLE I. Comparison of Amount of Bntigen Re- 
masning at Injection Site in  Immune and Control 

Animals. 

Animal 
pair No. 

6 
7 
3 
8 
4 
9 
5 

10 
18 
14 

13 
l G  
15 
17 
19 
20‘ 
21” 
22” 
23” 
24 
25 
26 
27 
11 
1 

12 

1Zadioactipity 
(I1:) remmning 

in  right hind foot 
(70 of inj. dose) 

Hr  Immune Control 
after Right hind guinea gujnea 
inj. foot inj. with pigs pigs 

.5 

.5 
1 
1 
2 
2 
4 
4 
7 
7 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 

24 
24 

BSAIIS1 
” +R,Co@J 

” +B,CoeO 

” + B,Cow 

” +B,Cow 

9 9  

Y ?  

?f 

9 9  

9 Y  

” + B,CoeO 
” + B12Cow 
” + HPA 
” + HPA 
” + H G G  
” + HGG 
” + I-EGG 
” + H G G  
” + H G G  
” + H G G  
” + HGG 
” + HGG 
” + H G G  
” +B,CoeO 

” +B,CoeO 
11 

84 
82 
92 
69 
51 
53 
32 
28 
20 
66 

48 
52 
34 
22 
36 
25 
14 
20 
28 
17 
22 
31 
20 
19 
20 
2 

42 
75 
31 
77 
58 
75 
15 
19 
2 
4 

3 
4 
8 
3 

12 
14 
16 
19 
14 
14 
8 
9 

12 
5 
1 
1 

Radioactive antigen remaining in  inj. foot of all 
immune and control guinea pigs. After sacrifice 6f 
animal right hind foot was amputated and radio- 
activity determined in  a well scintillation counter. 
Animals inj. in right foot with BSAIl3I + H P A  or 
BSAI131 + HGG were inj. in  left foot with 
HPAPa + BSA or HGGI1= + BSA respectively. 
Dose of BSA, HPA and HGG = 0.6 mg of each in  
each inj. foot. Dose of B,Co” = 0.05 pg. 

* Immune animals with negative precipitin test. 

tivity (as determined by in vivo counting) 
remaining in the foot a t  intervals up to 7 hr 
after injection of radioactive antigen. They 
demonstrate a marked slowing of removal of 
the antigen from the foot of the immune mi- 
mals. The same trend is seen in Fig. 4 which 
shows mean radioactivity due to antigen in 
the injected foot of 9 immune and 9 control 

guinea pigs injected with a mixture of BSA 
and HGG. 

b) Table I records the remaining radioac- 
tivity of BSAI” counted in vitro in the in- 
jected foot of all of animals used in our ex- 
periments. Here, there is also a significantly 
greater retention of antigen in the foot of 
the immune animals. The discrepancy seen 
in 4 control animals, No. 8, 4, 9, 21, probably 
represents variable tissue sites of injection. 
The results of these in vitro radioactivity de- 
terminations are analogous to those observed 
in vivo before sacrificing the animals. We 
conclude that antigen disappears from the 
site of subcutaneous injection at a slower rate 
in the immune than in the non-immune 
guinea pig. 

11. Effect of Arthus phenomenon on disap- 
pearance of non-antigen from injection site: 
a )  Effect on the water soluble small molecu- 
lar weight compound (Vit. Bl2CoGo). Fig. 
2 and 3 and Table I1 show that in the pres- 
ence of an Arthus phenomenon there is a 
slowing in absorption of Vit. BI2Co6O but this 
effect is not noted during the first hour after 

TABTJE 11. Comparison of Amount of Non-anti- 
gen (Vit. B12Cow) Remaining in Control Foot and 

Foot with Arthus Phenomenon. 

Radioactivity 
(Cow) remaining 
in right hind foot 
(7; of inj. dose) 

11 r Immune Control 
Animal a!ter Right hind guinea guinea 
pair No. 1n.j. foot inj. with pigs pigs 

7 .5 
8 1 
9 2 

10 4 
16 7 
13 7 
11 8 
12 24 

49 
48 
31 
18 
13 
22 

7 
14 

55 
51 
25 

8 
2 
5 
3 
9 

Radioactivity of Vit. B,,COBO remaining in  inj. 
foot. The difference between immune and control 
values for animal pairs #9, 10, 16, 13, 11, and 12 is 
significant ( P  <0.01). Dose of BSA = 0.6 mg; 
B,Co” = 0.05 pg. Radioactivity measured in  well 
scintillation detector after sacrificing guinea pig 
and amputating foot. 

ing in inj. foot. 
FIG. 3. As for Fig. 2. 
FIG. 4. Nine immune and 9 control gninea pigs inj. with B S A P  + HGG in  right hind foot 

and H G G P  + BSA in left. Each line shows the mean of in vivo determination of radioactivity 
remaining in inj. foot. Dose of BSA and HGG := 0.6 mg of each in each inj. foot. 
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TABLE 111. Coiiiparisoil of Aii~ount of Antigen 
and Non-antigen Protein Remaining at Injection 

Site in Immune and Control Animals. 

Right hind foot Left hind f 00 I 
( i i i j .  with HOCi 1':' 

-\ iiiniiil 
pair Xo. 111imu11t) Control L I I ~ I I ~ W I P  Control 

( i n j .  with HSA -+ TIGG) + K8A)  

12 
14 
1 t i  
19 
14 
14 
x 
!I 

I:! 
13 

14 
15 
17 
"I 
12 
1:3 
I:! 
1" 
I X  

1 .; 
In vitro dc4erniination of radioactivity renmi?i- 

ing (</C of inj. close) in  foot of 9 immune arid 9 
cont.rol guinea pigs sacrificed at 7 hr. T test indi- 
cates a significant difference ( P  = <0.01) bc- 
tween radioactivity rcniaiiiing in rig11 t hind foot 
of iminunc and control aninials. I)osc of BSA = 
0.6 mg; HGG z 0.6 nig in  each rear foot. 

injection of a mixture of antigen +- B12Co';". 
Fig. 2 and 3 show the in vivo radioactivity de- 
picting rate of removal of \'it. BI2Co"'' from 
injection site in 2 immune animals and 2 con- 
trols. Table I1 shows the remaining radioac- 
tivity of Vit. Bl2Clo';'' counted in vitro at time 
of sacrifice. 

b) The effect of the Arthus phenomenon 
seen on the water-soluble small molecular 
weight compound was not noticed on the 
HGG113' during a similar period of time. 
From Table 111 and Fig. 4 it can be seen that 
there is a very minimal difference in rate of 
elimination af HGGI"' in immune and con- 
trol animals when it  is injected along with 
BSA. 

Effect of HGG on disappearance of 
BSAI" from injection site in non-immune 

111. 

guinea pigs: 
From Table I one might deduce that addi- 

tion of HGG to the BSAI" solution delayed 
the absorption of the latter from the injec- 
tion site in non-immune animals. Control 
guinea pigs 18 and 14, injected only with 
BSAI'", showed 276 and 470 of the injected 
BSAI" remaining at 7 hours, whereas control 
guinea pigs No. 19 through 27, injected with 
a mixture of BSA1I3' $- HGG showed a much 
higher percentage of radioactivity remaining 
in the foot. However, when this was spe- 

cifically tested in 4 additional non-immune 
gu'inea pigs, no effect of HGG in reanoval of 
BSA was discernible (Table IV) . 

Discussion. Lewis( lo) ,  Field and Drinker 
( 1 1 ) , and Barnes and Trueta ( 1 2 )  have dem- 
onstrated that substances with small molecu- 
lar weight are absorbed more rapidly from 
the subcutaneous tissue than high molecular 
weight substances. We have noted the same 
results: When control guinea pigs were in- 
jected with a mixture of BI2Co6O and BSAI'". 
Vit. BIZ left the injection site more rapidly 
than BSA (Fig. 2, 3 ) .  

When the same mixture was injected into 
immune animals there was a delay in re- 
moval of BI2Co';O compared to that in the 
control (Table 111, Fig. 2, 3 ) ,  and removal 
of the antigen (BSA113') was much delayed 
compared to controls. I t  is apparent that the 
delay in elimination of BI2Co6O from the in- 
jection site in the immune animals was due 
to the non-specific meclianical effect of the 
immune inflammatory process. On telmlogi- 
cal considerations it would appear advan- 
tageous to have small molecular weight non- 
antigen materials (e .g . ,  toxins) held at  the 
site of an Arthus reaction. It is likely that 
the delay in eliminatim of the antigen was 
primarily due to the antibodies but was con- 
tributed to by the non-specific effect of in- 
flammation. Rich and McKee( 13), depriv- 
ing immune animals of their leukocytes, have 
pointed out that these animals were able to 
resist septicemia, a t  least temporarily, in the 
absence of any local inflammatory process, 
when pneumococci were injected intrader- 

Opie( 14), has suggested that the specific 
inflammation at  injection site is the result of 

mally. 

TABLE IV. Amount of BSAIlm Remaining at 7 
Hr at Injection Site of Non-immune Guinea Pigs. 

Left hind foot 
Right hind foot inj. with 

Animal No. inj, with BSAIm BSAIm + HGG 

28 
29 
30 
31 

9 
8 
6 
8 

Radioactivity remaining ($40 of inj. dose) in foot 
of 4 non-immune guinea pigs inj. with 0.5 mg of 
BSAI" in right foot, and 0.5 mg of a mixture of 
RRA1131 + HC&, in equal amounts, in the left. 
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the meeting 01 antigen and antibody in the 
tissues. The appearance 04 this inflammatory 
process probably further delays antigen 
elimination. 

In our experiments, when serum was tested 
for radioactivity due to subcutaneously in- 
jected antigen, it was found that racliioactivity 
in the serum of immune animals was always 
less than that of the control. This finding 
might have been anticipated from reports 
(7,s) demonstrating an accelerated rate of 
disappearance of intravenously injected an- 
tigen in immune animals. Data reported 
above show that less subcutaneous antigen 
reaches the blood stream in immune animals 
during the first 24 hours after injection. 

Summary. An Arthus phenomenon delays 
removal of the antigen from the area. This 
is believed to be primarily due to the presence 
of zntibodies. However, a non-specific effect 
due to inflammation must also be contribu- 
tory to this dower removal of antigen be- 
cause removal of a non-antigen from the Ar- 
thus reaction area is decreased. 

The advice of Robert G. White, London Hospital 

Medical College, is gratefully acknowledged. 
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Prostatic Fraction of Acid Phosphatase in Human Serum." (26842) 

P. ANGELETTI, B. MOORE, V. SUNTZEFF AND R. GAYLE 
(Introduced by E. W. Dempsey) 

Wernse Cancer Research Laboratory, Washington University School of Medicine, St.  Louis, M o .  

There is evidence for nm-identity of acid 
phoisphatase from different tissues of the 
same species( 1 ) . Heterogeneity of this en- 
zyme has been observed also within the same 
tissue where it may exist in several distinct 
forms( 2:3) .  In serum, the level of enzyme 
activity represents the sum of several com- 
ponents, the characterization of which may 
be of diagnostic interest. Thus, the Fishman- 
Lerner method to measure that part of the 
activity in human serum which derives from 
the prostate gland has proved very useful in 
diagrwis of prostatic cancer. In fact, many 

. * This investigation was aided by U.S.P.H.S. 
grants. 

clinical investigations demonstrate that m a t  
of the acid phosphatase of serum, which cam 
be inhibited by L-tartrate, originates from 
the prostate gland(4,5,6). In this paper it 
will be shown that the tartrate sensitive frac- 
tion of acid phosphatase can be separated 
from the non-sensitive one by chromatog- 
raphy of serum proteins on anion exchange 
cellulose colunins, and that the tartrate sensi- 
tive fraction has chromatographic properties 
similar to the enzyme extracted from prostate 
tissue. 

Materials and methods. Three samples of 
normal serum from young healthy males, 4 
samples olf serum from patients with benign 




