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FIG. 2. Results of studies of Na24 exchange wiUi 
sodium in glycersted muscle. All pointR are avg of 

duplicate determinations. 

as indicating that there are probably at least 
2 compartments in the system, a rapidly ex- 
changing and a slowly exchanging compart- 
ment. 

Conclusions. 1. Rat skeletal muscle is 
found to contain sodium after extraction with 
50% glycerol-water followed by 0.08 M KCI. 
There was 1.24 meq/kg wet weight in a typi- 
cal series, Sodium was present after further 
extraction with distilled water. Average Na 
content of 16 samples so extracted was 0.84 
meq/kg. 2. Electronmicroscopic studies re- 
veal intact nuclei and collapsed mitochondria 
as possible sites of this sodium. 3. The so- 
dium present after glycerine and KC1 extrac- 
tion exchanges with NaZ4. The rate is not 
a simple first order reaction, and suggests 
that the sodium exists in at least two c m -  

appears to be in a coml.>cHlnd which is soluble 
in ether. 5 .  Evidence is presented that this 
sodium is nIot associated with the matrix of 
the connective tissue in muscle. 

Summary. The premise that intracellular 
sodium is functionally a simple solution in a 
cell membrane is questioned by the authors 
and others(2,9). The data reported are in- 
terpreted as indicating that there is a com- 
ponent of intracellular sodium which is char- 
acterized by not being exchangeable with po- 
tassium ions. Fenn felt that such d i u m  ions 
were bound to myosin( 1). The nuclei and 
mitochondria are suggested as additional pos- 
sible sites of binding of such sodium. 

The authors wish to thank Dr. Charles Ashworth, 
Dept. of Pathology, Univ. of Texas, Southwestern 
Medical School, for aiding in interpretation of the 
electron micrographs. 
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Latex Agglutination Reactions Between Human Chorionic Gonadotropin 
and Rabbit Antibody." (27190) 

J. L. ROBBINS, G. A. HILL, B. N. CARLE, J. H. CARLQUIST, AND S. MARCUS 
Latter Day Saints Hospital and University of Utah, Dept .  of Microbiology, College of Medicine, 

Salt Lake Ci ty  

The antigenicity of the partially purified 
protein hormone, human chorianic gonado- 
tropin (HCG) , in the rabbit has been re- 
ported ( 1 ) . This rabbit antibody has been 
employed in precipitin and in hemagglutina- 

tion-inhibition technics as a serologic test for 
pregnancy (2,3). 

* Supported by grants from the Latter Day Saints 
Hospital Research Foundation and Nat. Inst. Health, 
Division of General Medical Sciences. 



i’olJ.stj*rcne later pirticles I i : i \ ~  I)cen i i w l  

its aggl~i~iniihle c.;irriers i n  i i  variety ot’ anti- 
gen-antibody systems ( c ’ . ~ . ,  1.5.6). T h e  latex 
particle carrier apparently operates b!. strong 
adsorption of the initial protein added ( 7 ).  

The purpose of the present report is to 
show first. that this antigen-antibody system 
is amenable to use of polystyrene lates par- 
ticles in an agglutination reaction: second. 
that the reaction may be used to detect rah- 
bit antibody by employing hormone-coated 
particles, or conversely. that the hormone 
may be measured by employing antibody- 
coated particles: and third, that the rabliit 
antibody is specifically neutralized by the 
hormone antigen. 

dlatrr iuls  urid ructlrods. I)roti?iction o j  U I I -  

iibody. I-oung adult  male and feniale white 
rah b i t s we re i n j ec t ed in t r a rn u scu 1 a r I J ~  a t 
weekly intervals for 1 weeks with 10,000 I n -  
ternational Vnits ( T.l-.) of Huiiian C‘horionic 
(2onadotropin (HC’G) (Antuitrin S t >  i n  nor- 
mal saline and emulsified in a like volume of 
a 1;reund’s type adjuvant. The adjuvant was 
prepared as follows: 1 g of Lanuni (Lanolin. 
Sferck) was dissolved by heating with 9 nil 
of \\’hitemore Oil So.  2 ((‘onsolidated Lab- 
oratories): to this was added I mg of heat- 
killed Jlyobactcrizrin phlei. To 1 nil of thk 
suspension ivas added 1 nil of the saline solu- 
tion of HC’G containing 10.000 1.I’. of hor- 
mone and the substances were thoroughly 
emulsified. Two weeks after the last intra- 
muscular injection the rabbits were given 500 
1 .U. of the hormone in saline intradermall!. 
twice weekly for 2 weeks: the animals were 
rested for 2 weeks and then bled by cardiac 
puncture. The separated sera were preserved 
by adding Jlerthiolate to a concentration of 
1 : 10.000. 

Yol j s t jvwic  latcs .  Bacto-Lates (Llifco) . 
average diameter of particles. 0.81 p, was 
used. 

Phosphate-buflered saline. Each liter con- 
tained: 1.31 g KH2P02. 5 . 7 5  g Sa,HI’O,. 
and 2.83 g NaC1. This solution was adjusted 
to pH 7.4 by addition of small amounts of 
either of the buffer salts. 

t The Antuitrin S, derived from urine of pregnant 
women, was kindly supplied by Parke, Davis P: Co., 
T k t r o i t ,  Mich. 

- _____--__ -- - -. - ___ 

‘I‘rst of mhhif antibod?!. This was the 
5 t imla r( I agglu ti nat ion procedure in which 
tlilutions of antibody were allowed to react 
with a constant concentration of antigen. A 
solution of HCG in saline was diluted in the 
phosphate buffered saline (PBS) so that final 
concentration of the hormone was 25 I.U./ 
ml. To this solution was added latex, from 
the stock suspension, to a final dilution of 
I :30. This mixture was allowed to stand a t  
room temperature overnight. The rabebit 
sera were diluted 2afold serially through 9 
tubes in 0.2 ml amounts of PBS. The tenth 
tube (control) contained 0.2 ml of PBS. To 
each tube was added 0.1 ml of hormone- 
coated latex particles; after mixing, the 
tubes were incubated for 1 hour a t  37OC, 1 
hour at 5 O ( ’ ,  and finally for 1 hour a t  56°C. 
.411 tubes were then centrifuged at  high speed 
for 5 minutes and observed for agglutination 
by reading over a slit lamp. 

Test ,for human C ~ O Y ~ O ~ ~ G  gonadotropin. 
Initial tests yielded bizarre zoning results 
which were eliminated by treating the anti- 
hdy-containing sera to remove most of the 
albumin. Control and normal rabbit sera 
were similarly treated. The globulins were 
precipitated and separated from the albumin 
by use of the method of Deutsch(8). Pre- 
cipitate A.  containing all the globulins, was 
redissolved in PBS and 0.2 ml of this solution 
was serially diluted in 0.2 ml amounts of PBS 
through 9 tubes while the tenth tube (con- 
trol) contained PBS only. To each tulbe was 
added 0.1 ml of 1:30 latex in PBS. After 
mising. the tubes were allowed to stand for 
1 hour a t  room temperature. Prolonged in- 
cubation resulted in spontaneous nonspecific 
agglutination. At the end of incubation tim? 
different concentrations of the hormone in 
I’HS were added, and the tubes were then in- 
cubated and read as before. 

Seiitralization of rabbit antibody by the 
tzntigen. Normal and immune rabbit sera 
were diluted 2-fold in PBS in 01.2 ml amounts 
through 9 tubes; the tenth tube contained 
PBS only. This process was repeated 
through 6 rows of tubes for each serum. To 
the tubes of each row was added 0.2 ml 
a<mounts of different concentrations of the 
hormone in PBS. The antigen and antibody 
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TABIJE I. Latex Agglutination Test for Rabbit Anti-Human Cliorionic Gonadotropin wit11 
Hormone-Coated Latex Particles. 

Dilution of rabbit serum 
RabbitNo. 1 :2  1:4 1:s 1:16 1:32 1:64 1:228 1:256 1:512 Control 

- 5 3“ 4 4 4 4 4 3 2 1 
6 3 4 4 3 2 2 1 1 1 
7 3 4 4 3 3 2 1 1 1 
8 3 4 3 3 3 3 3 2 2 

- 
- 
-- 

_- - - - - - - - Xorinal rabbit - - 

* Agglutination was read as follows: (-) no visible agglutination; (1) rough in appear- 
(1) definite agglutination with small agglutinate size ; 

(3) large agglutinates with a turbid back- 
ance but not definitely agglutinated; 
(2) definite agglutination of intermediate size ; 
ground; (4) large agglutinates with a clear background. 

mixtures were allowed to react Ifor one hour 
at room temperature. A t  the end of this time 
0.1 ml of the hormone-coated latex suspen- 
sion, prepared as previously described, was 
added and all the tubes were incubated, cen- 
trifuged and observed for agglutination. 

Results. Agglutination test between rab- 
bit anti-HCG and HCG-treated latex parti- 
cles. Whole rabbit serum, either individual 
or pooled, and rabbit globulin fraction A di- 
luted and tested as described under “Test for 
rabbit antibody” with 0.1 ml af 1:30 latex in 
PBS containing 25 I.U. per ml of HCG, 
yielded the results shown in Tables I and TI. 
All immunized rabbits produced antibody. 

Table I1 also presents a cowparison of 
whole and fractionated sera. I t  appears that 
the overt titer of antibody is increased by 
the serum fractionation which decreases al- 
bumin content. 

Latex aggl thut ion  test for human chori- 
onic gontrdotropin using latex pnrticles coated 
with anti-HCG. Serial 2-fold dilutions of 
no1rmaJ and immune rabbit globulin in 0.2 ml 
amounts of PBS were incubated far one hour 
with 0.1 ml amounts of the stock latex sus- 
TABLE 11. Latex Agglutination Titers and Total 
Protciiiv on Pooled Whole and Fractionated Rabbit 

Sera. 

Total pro- 
Scrim Titer tein,* g % 

Pooled normal rabbit serum Negative 6.3 
” immune ” ” 1:32 (4+) 6.7 

cipi ta te A 

cipitste A 

Pooled normal rabbit pre- Negative 4.3 

Pooled ininiuiir: r:ibbit pre- 1 : 256 (4 +) 5.2 

* Riuret method. 

pension diluted 1:30 in PBS. Various dilu- 
tions of hormone in 0.2 ml volumes in the 
same buffer were added and all tubes were 
incubated, centrilfuged and read as before. 

The data given in Table I11 show that the 
rabbit antibody globulin coated to the latex 
particles for m e  hour at room temperature 
renders the agglutination system capable of 
detecting the presence of the hormone in so- 
lution. It is seen also that the varying anti- 
gen concentrations exhibit a definite prozone 
reaction in the region of antigen excess. The 
sensitivity o;f detection of hormone by the 
immune rabbit globulin-coated latex particles 
appears much lower than when testing for 
antibody using latex coated with the hormone 
at  a Concentration of 25 I.U./ml (Table TI). 

Latex agglutination test for inhibition of 
the rabbit antibody by the hormone (anti- 
gen).  Normal and immune rabbit serum was 
diluted 2-fold in PBS in 0.2 ml amounts; 6 
sets of tubes were prepared. To each row of 
tubes was added one of the series of concen- 
trations of the horm,one in 0.2 ml of PBS. 
The tenth tubes and the sixth row were con- 
trols containing no antibody or antigen. The 
tubes were incubated at room temperature for 
one hour after which 0.1 ml od the 1:30 di- 
luted stock latex particles coated with the 
haormone as before in a concentration of 25  
I.U./ml was added. Alfter mixing, the tubes 
were incubated, centrifuged and agglutina- 
tion of th-e latex recorded. 

Table IV shows that activity of the anti- 
body is inhibited by the increasing amounts 
of soluble hformone added prior to addition 
of latex bound hormone. These results fur- 
ther suggest that the antibody is specific for 
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TABLE: 1 t 1. Latcs Aggluti1i:ition Test for 1 I I I I I ~ ~ I ~  Cborionic Gonadotropiii with Antibody 
Globulin-Coa ttd 1,:ttex Particles. 

HCG conc., IXlution of glohnlins (precipitate A) added to latex 
I.U./ml I : ?  1:4  1:8 1 : l t i  1:32 1:64 1:128 1:256 1:512 Coiitrol 

- - -- - -* - - - - -- Normal rab- 0 

lins 25 
50 

100 
200 

- - - - -  - bit globu- 12.3 - - - -  
- - - L 

-- - - - 
- - - - - - - -  - -  
- L - - __ - __ - -  
-- - _- & - Ininiune rnb- 0 -+: -- _ _  I 1 1  

30 -I 3 3 2 1 - 

- - bit globu- 12.5 4 -I 4 - I - -  _ -  
liiis 25 - 1 4 4 2  2 -  .- - - - 

- - -- - 
- - c '3 __ - - -  - 2 -  - - - 

100 
200 1 -  - - -  .- 

* Rcwtionn rcad RS in Table I. 

the antigen against which the rabbits were 
immunized. i .c. ,  Human C'horionic Gonado- 
tropin. 

Discussion. A direct test for Human 
Chorionic Gonadotropin, using latex particles 
coated with hormone as antigen. is readilj. 
performed with immune rabbit serum (Tables 
T. IT). However. this procedure failed when 
the converse situation was used, i.c., to react 
rabbit serum antibody-coated latex particles 
with hormone in solution. \\'hen the anti- 
body-containing rabbit serum was treated to 
rid it of most, but not all, of the albumin 
fraction, this second procedure was found to 
b,e operative (Table 111). 

Wide and Gemzell(3) have shown that an 
agglutination inhibition system is suitable as 
a test for presence of the hormone using 
tanned sheep red blood cells with adsorbed 
hormone. I t  has been shown here (Table 11') 

that this same procedure operates with the 
polystyrene latex system. 

We have chosen to study characteristics of 
this serologic reaction when latex is employed 
as the carrier of either antigen or antibody 
for practical reasons. That is, the system 
seems sensitive enough to detect concentra- 
tions of hormone which are detected by in 
i4zw tests of pregnancy. However, detection 
of partially purified hormone in aqueous solu- 
tion has proved to be less a problem than de- 
tection of hornione in urine or serum. Effort 
to establish the technic of a suitably sensitive 
and specific test of HCG in its normal men- 
struum is being actively explored. 

Summary. I t  has been shown that rabbit 
antibody may be farmed to the antigen, Hu- 
man C'horionic Gonadotropin (Antuitrin S) . 
Polystyrene latex particles were found to 
serve as an agglutinable carrier for this anti- 

TABIA IV. Latex Agglutiii:ition-Inhibiti(~Ii 7'c.st for Huniaii Chorionic Gonadotropin. Anti- 
body plus hormone solution rrac*ted with hormone-coated latex particles. 

HCG conc., 1)ilu t ion of serum 
I.U./ml 1:2 1:4  1:8 1 : l C  1:32 1:64 1:128 1:25G 1:512 Control 
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gen-antibody system. The possibility of 
using this agglutination test for HCG as a 
suitable test for pregnancy is being explored. 
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Immunochemical Studies of Human Urinary Erythropoietin.* (27191) 

JOHN C. SCHOOLEY AND JOSEPH F. GARCIA 
Donner Laboratory and Lawrence Radiation Laboratory, University o/ California, Berkeley 

The presence of substances capable of spe- 
cifically stimulating erythropiesis has been 
demonstrated in plasma and urine of anemic 
animals and of humans with various hema- 
tologic disorders. Ion exchange procedures 
for fractionation and purification of erythre 
poietin abtaind from the plasma of anemic 
sheep have been described and studies of the 
biochemical and physical properties of the 
various fractions have been made( 1,2). The 
available evidence suggests that the active 
molecule in hutman urinary concentrates is 
either a mucoprotein or is intimately ass01 
ciated with a mucoprotein(3). It is not 
known whether the erythropoietically active 
material found in human urine is identical 
to the active material of anemic a n i d  
plasma. In general, no species specificity 
has been found. Concentration of the active 
material in human urine has been m m -  
plished by ultrafiltratian (4) and adsorption 
on kaolin(5). The present paper concerns 
an immunochemical study of erythrqoieti- 
cally active concentrates of human urine. 

Materials and methods. Erythropoietically 
active urine obtained from anemic patients 
was concentrated by positive pressure ultra- 
filtration through collodion membranes as 
described by Van Dyke, Garcia, and Law- 
rence (4). Similar concentrates hereafter 
termed N were made of non-erythr-ieti- 
*This work was supported by U. S. Atomic En- 

ergy Commission. 

cally active human urine. The concentrate 
from an anemic patient has been termed EBS. 
Comparison in the starved rat assay of the 
erythrqmietic activity of these urinary con- 
centrates with purified sheep erythropoietin 
obtained from Armour (Lot No. K 103-124) 
indicated that EBS contains approximately 16 
cobalt units/mg. 

Three rabbits were immunized against 
EBs by monthly injection of 16.6 mg of the 
urinary concentrate dissolved in 1 ml saline. 
B l d  was collected from the central artery 
of the ear 6 days after the fourth injection; 
the serum was separated, p l e d ,  and frozen 
until used. This serum has been termed 
anti-EBS. Three rabbits were immunized 
against N by weekly injection of 1 rng of 
the concentrate dissolved in 1 ml saline. Se- 
rum termed anti-N was taken Ifrum these rab- 
bits 6 days after the ninth injection. The 
first injections of EBS and N were given sub- 
cutaneously (0.25 ml in each leg) after mix- 
ing with an equal volume af complete 
Freund’s adjuvant (Difco) ; all subsequent 
injections were given intravenously. 

Qualitative comparisons of the antigens 
in the urinary concentrates and the precipi- 
tins p d u c e d  in rabbits by injection of these 
concentrates were made, using the technic of 
double diffusion in 2 dimensions developed by 
Ouchterlony(6). A solution oif 0.5 or 1.0% 
agar containing 1% sodium azide was poured 
into petri dishes to obtain a layer about 6 mm 


