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unit to 0.25 pg of free diethylstilbestrol, the 
same assay value acquired from a sample of 
crystalline diethylstilbestrol which was simul- 
taneously submitted to the same hydrolysis 
procedure. 

Forty mg of this sample were dissolved in 
200 cc of postmenopausal urine and extracted 
with butyl alcohol for the recovery of NaPG 
by the Venning method. No precipitate what- 
soever settled out of the aqueous acetone soh- 
tion. Estrogenic assay of thte various frac- 
tions revealed that half of the stihestrol glu- 
curonide had been left in the tenth normal 
NaOH solution after being re-extracted with 
butyl alcohol. The other half was present 
in the residue of the final butyl alcohol ex- 
tract but, unlike pregnanediol glucuronide, 
was not precipitated out of 5 cc of water by 
the addition of 95 cc of acetone. It is quite 
possible that when considerable amounts of 
NaPG are present, traces of stilbestrol glu- 
curonide may be carried down by adsorption 
and even persist through the second precipita- 
tion out of water with acetone. That no more 
than traces are present, however, is apparent 
from the very slight estrogenic potency of 
NaPG recovered from pregnant women taking 
large doses of stilbestrol (v.s). In this con- 

nection it may be mentioned that estrogenic 
activity has also been found by us in hydro- 
lyzed NaPG recovered from the urine of 
pregnant women who were not taking diethyl- 
stilbestrol. The probable explanation is that 
traces of estriol glucuronide, large amounts 
of which are present in late pregnancy urine, 
may also be carried down by adsorption upon 
the precipitated NaPG. Here again the 
amount present, although readily demon- 
strable by estrogenic assay: is too little to 
influence the figures for pregnanediol re- 
covered as NaPG. 

Conclusion. Diethylstilbestrol glucuronide 
is recovered in no more than trace amounts 
from human urine by the gravimetric Venning 
procedure for the determination of sodium 
pregnanediol glucuronide. In pregnant pa- 
tients taking large amounts of stilbestml the 
quantitative values for urinary pregnanediol 
were not influenced by this possible source 
of error. Some other explanation must be 
found for the fact that values acquired by 
the Venning method on the urines of such 
patients do not agree with colorimetric assays 
for “freed” pregnanediol upon hydrolyzed 
specimens. 
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The concept of specific long range forces 
of certain biologically active materials has 
been promulgated by Rothen(1-7). His ex- 
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periments employing films of antigen and 
antibody, or films of enzyme and subtrate, 
separated by inert film barriers indicate the 
possible existence of such forces. The evi- 
dence thus far presented is the increase in 
thickness of the layered films when homol- 
ogous antigen-antibody systems are allowed 
to interact through the barriers. Similarly, 
trypsin acting through a barrier on bovine 
albumin prevents an increase in thickness 
when an antiserum to bovine albumin is sub- 
sequently added. Rothen also finds that in- 
creasing the number of layers of barrier be- 
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yond certain thicknesses obliterates the in- 
teracting effect. Increasing the number of 
inonolayers below the barrier reinforces the 
interaction. :I number of systems have all 
been studied by the same technique, the 
measurement of increment in film thickness 
by means of the ellipsometer(2). The find- 
ings, however, haw met with considerable 
reservation, principally on the assumption 
that interaction may take place through mi- 
nute holes in the film barriers(8,g). Al- 
though many substances ape known to form 
films without holes( 10) possible imperfec- 
tions cannot be detected by the ellipsometer. 
-4 method for testing interaction, therefore, 
which might also detect leaks in the barrier 
could help to determine if the effect is caused 
by simple diffusion. Such a method, involv- 
ing a trypsin solution separated by an im- 
pregnated paper membrane from a hemoglo- 
bin substrate solution, has been devised. 

Experimental. Materials and Methods. A 
small 2-compartment cell was constructed 
with a membrane separating the compart- 
ments (Fig. 1). Each cell half was made 
irom an 18 mm I. D. pyrex test tube. The 
round bottom of the tube was flattened, and 
a 25  mm side arm of 4 mm I. D. pyrex tub- 
ing was sealed in a t  a right angle to the test 
tube and flush with its flattened bottom. The 
body of the tube was cut off, and the cut 
edge of the cell half was ground down with 
carborundum so ‘that the distance from the 
flat bottom to the ground edge was 15 mm. 
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The capacity was about 3.5 ml. The second 
cell half was similarly constructed. Two rub- 
ber gaskets were used to hold the membrane 
between the cell halves. They were each con- 
structed of 2 sheets of U. s. Rubber Company 
Rainbow rubber 1.5 x 35 x 35 mm. Centered 
circular holes were cut in each of 2 of the 
pieces of rubber so that the hole in one piece 
was of the inside diameter of a cell half, while 
that in the second piece was of the outside 
diameter. The latter fit the cell half tightly 
when placed over it. The 2 rubber pieces 
were washed with benzene and cemented to- 
gether with rubber cement, the holes placed 
concentrically. This provided a gasket which 
fit over the smooth, outside edge, and flush 
against the ground edge, of the cell half. 
-4nother identical gasket was made for the 
second cell half. When the gaskets were 
fitted to the cell halves a membrane could be 
placed between them. The gaskets were con- 
veniently held together with two 1H-inch 
screw clamps over their extended edges. The 
screw clamps thus facilitated placing the 
assembled cell horizontally in a 2-inch “C” 
clamp. Two cushions made from rubber 
stoppers were oemented to the “C” clamp so 
that the cell could be tightened in the clamp 
without breaking, the flat ground edges of 
the cell halves pressing the membrane be- 
tween the gaskets. 

Membranes capable of withstanding even 
the small hydrostatic pressure of about 2 cm 
H20 when only one section of the cell was 
filled proved difficult to make. Membranes 
of formvar sufficiently thin to give interference 
rings ( O , l - O . S ~ o  in ethylene dichloride) were 
cast on water and floated onto a supporting 
screen of 200 mesh stainlless steel. However, 
these were found incapable of supporting the 
necessary pressure. Similarly collodion and 
parlodion also failed. It became apparent 
that a finer mesh for the supporting screen 
was required, and various types of paper were 
tried. Several dozen filter paper types had 
insufficient wet strength or were too thick. 
It was finally found that Esleeck onion skin 
typewriter paper had the necessary proper- 
ties. The paper was washed overnight in 
distilled water, allowed tu dry and cut into 
2.5 cm squares. 
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TABLE I. 
Activity Through Membranos of Solutions of 0.1% Trypsin on 1.75% Hemoglobin. 

Mg tyrosine released 
c \ 

Controls - 
Membrane Solvent yo (wt) T°C Before After Experimental 

Intact: 
Formvar 
Cellophane 
Parlodion 
Collodion 

9 ,  

7 7  

J ,  

I !  

7 ,  

I ,  

9 ,  

I ¶  

Defeetire : 
Cellophane 
Collodion 

I ,  ,, 

.24 

.02 (mm) 

.19 

.38 
1.27 
3.40 
6.90 

2.5 

10.4 
10.8 
11.2 
12.6 - 

.02 (mm) 

.19 
10.4 
11.2 

25 
25 
25 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 

22 
23 
23 
23 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.002 

- 

.008 

.007 

.008 

.008 

.002 
0 
0 

0 
0 
0 
0 
0 

0 
0 

.002 

.001 

- 

.OOG 

.014 

.001 

0 

.160 

.056 

.lo2 

.080 

.070 
,032 
,023 
,020 
.021 

0 

0 
0 
2.210 

.020 
,111 
.035 
.018 

Collodion was used predominantly in the 
experiments. About 100 ml Mallinckrodt 
C.S.P.XII1 collodion was poured slowly into 
2 1 distilled H20 with vigorous stirring. The 
precipitate was washed with several changes 
of distilled H20 -to remove most of the alco- 
hol and ether. After drying in air overnight, 
it was cut in small pieces and dried to con- 
stant weight in a vamum desiccator over 
CKl,  at room temperature. A series of ap- 
proximately 10 ml solutions of collodion in 
acetone varying from 0.19-12.6% by weight 
was prepared. The sulvents for Mallinckrodt 
parlodion and Shawinigan formvar were ace- 
tone and ethykne dichloride respectively. 
The membranes were made by immersing the 
paper squares in the solutions overnight. The 
impregnated paper was removed from the 
solution, the excess solution was quickly 
pressed out between two microscope slides, 
and the membrane was allowed to dry a t  least 
30 minutes before being assembled in the cell. 
A new membrane was used for each test. 

The trypsin used was a dried, commercial 
preparation. Since the enzyme best main- 
tains its activity in the dry state, it was made 
into solutions of 1 mg/ml in the same vehicle 
as the substrate just prior to use. The ve- 

urea, 82 ml H20 and 10.0 ml M KH2P04, 
pH 7.5 (1 1). The actilvity was such that color 
was liberated equivalent to 2.210 mg tyro- 
sine/ml in the presence of “phenol” reagent 
after digestion for 30 minutes a t  23°C with 
the hemoglobin substrate (Table I ) .  The 
enzyme activity was measu;ed with a Klett- 
Summerson colorimeter at 600 mp employ- 
ing the “phenol” reagent of Folin and Cio- 
calteau(l3) and was read from a tyrosine 
standard curve.’ Hemoglobin substrates of a 
f ind  concentration of 1.75% in the same ve- 
hicle as that used for the trypsin, were pre- 
pared by urea denaturation according to An- 
son ( 11,12). 

Controls for determining whether or not 
the membranes were intact were run on each 
membrane just before and after every deter- 
mination. These are described in the follow- 
ing section. However, since only 0.5 d of 
the control solutions (YS. 2.5 ml hemoglobin 
solution) could be tested, a further test for 
the detection of membrane leaks was made. 
This consisted in placing enzyme and sub- 
11. Anson, M. L., J. Gen. Physid., 1938, v22, 79. 
12. Northrop, J. H., Crystalline Enzymes, Colum- 

13. Folin, O., and Ciocalteau, V., J .  Bwl. Chem., 
bia University Press, New Pork, 1939. 

1927, 1773, 627. hicle consisted af 8.0 ml 1N NaOH, 40 g . I  
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strate on opposite sides of a 1.27% collodion 
rnemlbrane in the assembled cell. After 30 
minutes: 2.5 ml of substrate were removed 
via syringe and mixed with 8.5 ml of fresh 
substrate. Had enzyme leaked and been 
present in the substrate, it would have been 
expected to continue to liberate color pro- 
ducing substances so that the tyrosine value 
would increase with time. Periodically 2.5 ml 
of substrate were removed and tested with 
phenol reagent. However, in 2 experiments 
with different membranes there was no in- 
crease in the tyrosine value up to 180 and 
250 minutes. 

Procedure. -After assembling the cell with 
the desired membrane, it was tightened in the 
"C" clamp which was supported horizontally 
on a ring stansd. One cell half was filled with 
about 3.0 ml control buffer sulution so that it 
reached a few millimeters into the side arm. 
The solution was introduced by means of a 
hypodermic syringe with stainless steel can- 
nula. The other cell half was similarly filled 
with enzyme solution to the same level. The 
cell was allowed to stand 30 minutes when the 
control solution was removed by syringe to be 
later tested for possible enzyme which might 
have leaked through the membrane. The now 
empty half cell was filled with the hemoglobin 
substrate to the same level as the enzyme 
solution with a clean syringe and cannula. 
After 30 minutes during which interaction 
could take place, it was removed to be tested 
for color producing compounds. The residual 
hemoglobin in the cell half was gently rinsed 
out and discarded, and the cell half was again 
filled with buffer. This was allowed to stand 
for 30 minutes and was then removed via 
syringe to be tested with the first control for 
enzyme activity. The whole procedure was 
carried out a t  room temperature, which was 
maintained at  23"kO.5"C. To 0.5 ml of 
each of the control samples in a 20 x 150 
nim test tube, 2.5 nil of fresh hemoglobin 
substrate were added. The two controls were 
allowed to incubate for 30 minutes a t  room 
temperature to test for enzyme which might 
have leaked through the membrane. At this 
time to 2.5 in1 of the hemoglobin which had 
been in contact with the membrane in the 
same size tube, 0.5 ml of buffer was added. 

This brought all three solutions to the same 
concentrations. A reagent blank consisting 
of 2.5 ml of hemoglobin substrate and 0.5 ml 
of buffer had also been prepared at  the time 
of introduction of hernoglobin substrate into 
the cell. At the conclusion of the 30 minute 
digestion period, 5.0 ml 0.300 N trichloracetic 
acid were quickly added to each of the 4 
samples, and they were filtered to remove the 
precipitated hemoglobin. To 5.0 ml of each 
filtrate were added 10.0 ml 0.5 PIT NaOH and 
3 .O ml of "phenol" reagent. The samples were 
read in 2-15 minutes in the colorimeter with 
the instrument set at  0 with the reagent blank. 
The standard deviation, a, for the tyrosine 
standard curve was 0.0050 mg tyrosine per 
ml. 

Results. Table I illustrates the results 
obtained with several different membrane 
materials made at various concentrations. I n  
the experimlents employing 0.24% formvar, 
2.5% parlodion and 0.19-10.8% collodion 
membranes, the trypsin acted on the hemo- 
globin substrate to liberate color producing 
substances. There was no indication that the 
membranes allowed trypsin to leak into the 
control solutions during the 30 minute con- 
trol periods before and after enzyme and sub- 
strate had been in contact with the mem- 
branes. These membranes are labeled "in- 
tact.:' The values for several "defective" 
membranes are included in Table I. Since 
the standard deviation for the tyrosine 
standard curve was 0.0050, experiments in 
which the control values were greater than 
this were considered to have defective mem- 
branes. Fig. 2 illustrates the effect of in- 
creasing the collodion concentrations in a 
series of m'embranes from 0.19-12.6%. It 
was found that the tryptic action on the hemo- 
globin follows a decreasing, non-logarithmic, 
curvilinear pattern up to 11 .O% collodion. 
.At this point the effect abruptly drops from 
0.020 mg tyrosine per ml to zero. 

Discussion. Interpretation of the results 
reported here is necessarily centsered about the 
controls since evidence for interaction across 
an inert membrane must preclude fAe possi- 
bility of enzyme and substrate diffusing into 
one another through imperfections in the 
membrane. That they do not diffuse through 
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FIG. 2. 
Decrease in trypsin activity as the concentration 

of collodion in the membranes is increased. 
Tr>ysin activity is expressed as mg of tyrosine. 

the membranes is shown by the controls. 
The high degree of sensitivity of the con- 

trols is illustrated in Table I from the dif- 
ferences between the same kind of intact and 
defective membranes. Thus, in the case of 
the cellophane membranes, the intact mem- 
brane transferred no tryptic activity, nor did 
the controls indicate leaking. However, the 
defective membrane shcwed a tryptic activity 
value of .020, while its controls jumped to 
.008 and .006 indicating leakage. Similar re- 
sults were obtained for intact and defective 
0.19, 10.4 and 1 1.2 % collodion membranes. 
Therefore, experi'ments yielding no leak values 
but yielding transfer values from .020 all the 
way to .160 must require the interpretation 
that tryptic activity had been transferred 
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across the memlbranes in some manner. In  
Rothen's experiments the thickness of the 
films cast on smooth surfaces may be meas- 
ured with considerable accuracy by the ellip- 
someter. The thickness of the films in the 
interstices of the impregnated membranes is 
purely a matter of conjecture. However, both 
methods indicate transference of tryptic ac- 
tivity across thin membranes. Rothen's find- 
ings indicate that interaction takes place in 
systems wherein enzyme, substrate and bar- 
rier are immobilized as solid films. The ex- 
periments here descrilbed indicate that the 
effect also takes place when enzyme and sub- 
strate are in solution and are separated by a 
solid membrane. Whatever the mechanism 
for the transfer of the activity may be, the 
latter experiments show that this effect would 
have to be ascribed to some phenomenon other 
than simple diffusion through the membranes. 

Summary and Conclusions. Formvar, par- 
lodion and collu>dion membranes have been 
prepared by impregnating paper with solu- 
tions of these substances. A suitable cell of 
two compartments was constructed in which 
solutions of trypsin and hemoglobin could be 
separated by the membranes. 

Interaction between solutions of trypsin and 
hemoglobin separated by formvar, parlodion 
or collodion membranes has been demon- 
s trated. 

Examination of a series of membranes im- 
pregnated with collodion of different concen- 
trations showed that interaction decreased in 
a curvilinear fashion as the collodion concen- 
tration in the membranes was increased. 
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The experimental production of chronic rotoxins obtained from r,abbits has been stud- 
ied by Smadel, Swift and Farr( 1-3) , and later renal d,isease in rats by means of heteroneph- 
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