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found at diestrus. 3) The Hx/OHP ratio in
the uterus was also cyclical, less during estrus
than during diestrus. 4) Concentration and
total amount of NCP were greater in the in-
tact animal than in the castrate. 5) Per unit
weight (g) and in the total vagina neither
OHP nor Hx showed significant alterations
during the estrous cycle. 6) The cyclical
changes listed above may be related to fluc-
tuations in levels of the natural hormones.
7) Studies of OHP, Hx, total N and NCP
were made of the uterus and vagina of the
castrate and comparisons were made to the
intact animal.

The author wishes to thank Mrs. Jovita Baker
for the technical assistance in the chemical analyses.
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JosepH C. ToucHsToNE AND EsTHER CHANG (Introduced by J. J. Christian)
Department of Obstetrics and Gynecology, School of Medicine, University of Pennsylvania,
Philadelphia

Data are presented here concerning dialysis
of estriol sulfate and glucosiduronate from de-
proteinized plasma and solutions. Previous
experiments in this laboratory suggested that
estriol conjugates were bound to plasma pro-
teins. Most reports of protein binding of
steroids have been limited to studies of the
free compounds primarily because of the un-
availability of pure conjugates(1,2). Re-
cently, Puche and Ness described the binding
of dehydroepiandrosterone sulfate to serum al-
bumin (3).

Methods. Human serum albumin Fraction
V (HSA-5) (Pentex Corp., Kankakee, Ill.),
obtained in crystalline form, was made up as
2.5 and 5.0% solutions.

Estriol glucosiduronate was obtained from:

* This work was supported in part by U. S. Public
Health grants.

Sigma Chemical Co. (mixture), Dr. Philip
Katzman (monoglucosiduronate), and Ayerst,
McKenna and Harrison Ltd., and estriol sul-
fate was kindly provided by H. Fex, A. B.
Leo, Halsinborg, Sweden.

Heparinized blood was centrifuged within
20 minutes after withdrawal and the plasma
separated. Free estrogens were removed by
extracting the plasma 3 times with equal vol-
umes of ether leaving the conjugates in solu-
tion. Urines preserved with chloroform were
kept in an ice box.

Plasma proteins were precipitated by addi-
tion of 4 volumes of acetone. The precipi-
tate was centrifuged, washed 3 times with ace-
tone, and the combined acetone supernatant
was evaporated in vacuo. Dialysis was then
carried out on the aqueous residue. The
method consisted of 3 steps: I. Dialyses were
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TABLE I. Dialysis of Estriol Conjugates.

Time

Material in bag N (hr) Control Bag Dialysate % dialysis
Plasma 3 24 62.7 + 8.8* 60.0+ 8.0 3.0+ L7 42+ 8
2 48 81.0+ 0 65.5 += 3.5 125+ 5 154+ .6

Deproteinized plasma:
HCl hydrolysis 2 24 83.0 + 2.0 0 805+ b 97.0 + 2.0
Enzyme hydrolysis 9 24 76.2 + 8.0 60.0 + 11.0t 993 + .1

10.0 + 1.4%

Urine 8 24 135.6 + 46.0 33.9 =105 101.1 + 39.4 7356 +7.0

* Mean estriol (ug) = S.E.
t Mylase.

carried out in an ice box at 4°C for 24 hours
and in some cases, 48 hours under continuous
agitation. Five ml of conjugate solution in
the cellulose dialyzer tubing (bag) was dia-
lyzed against 25 ml of water. For reverse
dialysis the conjugates were dissolved in 25
ml solvent and dialyzed against 5 ml of HSA-
5 in the bag. II. Hydrolysis, extraction, and
column chromatography. After dialysis the
conjugates were hydrolyzed by reflux with
15% by volume of hydrochloric acid for 1
hour. For enzymatic hydrolysis, 8-glucuroni-
dase (Sigma) was added to the solution buf-
fered at pH 6.8 or phenolsulfatase (Mylase
P) to solutions buffered at pH 6.0. Incuba-
tion at 37°C for 24 hours was carried out in
the former, while 50°C for 24 hours was used
in the latter. Phenolic separation following
a modified Brown(4) and Bauld(5) proce-
dure was carried out. Chromatography of
the extracts on alumina involved a modifica-
tion of the procedure described by Eberlein
et al.(6). TII. Color development and col-
orimetry. 'The Bachman reagent for estriol
(7) consisting of 2% p-phenol sulfonic acid
in concentrated phosphoric acid was added to
the estriol fraction from the alumina column
and then heated at 150°C for 10 minutes. Op-
tical density at 545 mu was determined on a
Beckman DU Spectrophotometer. The over-
all recovery of estriol by this procedure was
found to be 80%. In replicate determina-
tions, the standard deviation was O in most
cases.

All quantitative results reported herein are
of the free estrogen determined after acid or
enzymatic hydrolysis of the conjugates. Con-
trol values represent estriol liberated by acid
hydrolysis of conjugates in an equivalent vol-

1 Glueuronidase.

ume of plasma, urine, or aqueous conjugate
solution without dialysis.

Results and discussion. Table I shows that
little transfer (4%) of estriol conjugates took
place after 24 hour dialysis of whole cord
blood plasma (5 ml) in the bag against 25 ml
of water. Dialysis for 48 hours resulted in
an increased amount (15%) of conjugates
found in the dialysate. Dialysis of depro-
teinized cord blood plasma resulted in quan-
titative transfer of estriol sulfate and glucosi-
duronate across the membrane. The dialy-
sate of deproteinized plasma when hydrolyzed
with B-glucuronidase (Sigma) and Mylase P,
gave quantitative recoveries of estriol when
compared to the total estriol liberated by acid
hydrolysis of the undialyzed control. Con-
trol experiments indicated that the amount of
estriol found after acid hydrolysis of plasma
deproteinized by acetone was more than 90%
of that found after acid hydrolysis of whole
plasma, none being found in the protein pre-
cipitate.

Dialysis of estriol conjugates from 5 ml of
pregnancy urine in the bag into 25 ml of
water resulted in transfer of as much as 95%
of conjugates across the membrane. The
completeness of dialysis as shown in Table I
varied widely according to the urine speci-
men. Acid hydrolysis was used for both con-
trol and dialysate. These results possibly
could be related to the ionic strength and pH
of the various urine specimens.

Table II indicates that estriol glucosiduro-
nate dissolved in water and dialyzed against
5 volumes of water for 24 hours did not show
complete transfer. Dialysis for 48 hours gave
greater recovery of conjugates outside the
membrane,  Estriol glucosiduronate when
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TABLE IIL.
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Dialysis of Solutions of Estriol Glucosiduronate.

Time
Conjugate solution in hag N (hr) Control Bag Dialysate % dialyzed
Male plasma (ppt) solution
Ayerst* 4 24 14.7 = 4t 0 147 + 4 100.0 + 0
Saline solution
Ayerst* 3 24 12,5 + 2.5 4.0 = 2.0 85+ 5 70.0 == 10.0
Aqueous solutions
Averst* 2 24 11.5 + 3.5 9.0 + 3.0 2.0+0 20.0 = 6.0
Sigma* 2 24 5SS+ b 35+ 5 2.0 & 1.0 35 0+ 15.0
2 48 4.0 2.0 0 4.0 + 2.0 000+ 0
Katzman® 2 24 35+ .5 4.0 +0 1.5+ 5 26.5 + 6.5
3 48 15.0 £ 5.0 D+ 5 14.5 + 4.5 98.0 + 2.0
* Rouree of estriol glucosiduron:te. t Mean estriol (ug) += S.E.
TABLE ITL. Reverse Dialysis of Estriol Conjugates.
Time % HSA
Solution outside bag N hr in bag Control Outside In bag o dialysis
Cord blood:
Deproteinized 3 24 2.5 9.8 + .6* 20+ .1 7.6+ .2 77.0 + 3.3
3 24 5.0 98 + .6 9+ .1 8.9+ .1 91.0 = 1.0
Pregnaney urine 2 24 5.0 306+ .5 13.0 + 5 17.0 = 0 555+ .5
" diluted 1:5 2 24 5.0 41.0 = 10.0 16.0 = 3.0 245+ 5 60.0 + 3.0
Estriol glucosiduronate:
Aqueous solution 2 REY 2.5 105+ 5 3.0 + 1.0 6.5 + .5 62.0 + 2.0
2 24 5.0 11.0+ 0 25+ .5 7.0 = 1.0 64.0 = 9.0
2 48 5.0 11.0 = 0 1.0 += 1.0 10.0 = 1.0 91.0 + 9.0
Saline solution 4 RAY 5.0 8.0+ 1.1 2.0+0 5.0+ 6 63.0 + 1.7
Estriol sulfate:
Aqueous solution 2 24 2.5 13.0+= 0 10,0 =0 200 76.0 =0
3 24 5.0 130+ 0 9.0 +0 3.0+0 76.0 += 0
3 48 5.0 150+ 0 14.0 =0 1.0 +0 93.0+0

* Mean estriol (ug) = S E.

dissolved in deproteinized male blood plasma
and dialyzed against water showed a greater
transfer than was shown when water or sa-
line was used as the solvent.

Transfer of estriol conjugates from depro-
teinized cord blood plasma into 5% HSA-S
in saline in the bag was complete after 24
hours dialysis (Table III). However, reverse
dialysis of human pregnancy urine for 24
hours was not as complete. Slaunwhite and
Sandberg(8) in their experiments changed the
protein solutions several times during 72
hours dialysis in order to effect more com-
plete recovery of conjugates from urine.

The binding force of human serum albu-
min for estriol conjugates is illustrated in the
reverse dialyses listed in Table IT1. Dialysis
of 2.5 or 5% HSA-5 against 5 volumes of
aqueous solutions of estriol glucosiduronate or
estriol sulfate resulted in transfer of the con-
jugate to the plasma side of the membrane.

|
i
|

Most complete transfer was found with 5%
HSA-5 after 48 hours dialysis. When saline
was used as the solvent for the conjugate less
transfer occurred.

These data suggest that both estriol sulfate
and glucosiduronate are attracted to plasma
protein. Purdy et al.(9) have shown that
estrone sulfate was found in the supernatant
of the Cohn Fraction IV of maternal blood
proteins. Further studies are required to ob-
tain insight on the mode of binding of the
conjugates to protein.

Summary. Estriol sulfate and estriol glu-
cosiduronate present in aqueous solutions,
urine or in deproteinized cord blood plasma
dialyze through a cellulose membrane. Re-
verse dialysis of estriol sulfate or glucosi-
duronate from urine, protein free plasma, or
aqueous solutions against human serum albu-
min Fraction V was accomplished readily.
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Enhanced Proteolytic Activity at pH 2.0 in Lungs of Infants
Dying from Hyaline Membrane Disease (HMD).* (28144)

KurT BENIRSCHKE, ARTHUR J. SamUELs! aND Eric MoorE
(Introduced by R. E. Gosselin)
Department of Pathology, Dartmouth Medical School, Hanover, N. H.

. Hyaline membrane disease of the newborn
infant (HMD) represents a fairly circum-
scribed pathologic entity. A major point of
disagreement remaining is whether the “idio-
pathic respiratory distress syndrome of the
newborn” without the typical hyaline mem-
branes on histologic study has the same path-
ogenetic mechanism(1). It is agreed that the
membrane formation is a postnatal event
(2) and that the membranes are largely
composed of fibrin, thus representing in
part at least an exudative phenomenon(3).
The etiology of the disease is not understood;
however, various investigations indicate an as-
sociated deficiency of lung-lining-film sub-
stance(4), a pulmonary deficiency of fibrino-
lytic activity at pH 7.4-8.0(5) and degenera-
tive and regenerative phenomena of the res-
piratory and bronchiolar epithelium, recently
reviewed by Boss and Craig(6).

The clinical course of most of these infants,
the presence of hyaline membranes in adults
with a history of aspiration of vomitus(7)
and the ability to produce similar lesions in
animals by tracheal instillation of hydro-
chloric acid(8) have led one of us (K.B.) to
postulate that the disease may be caused by
inhalation of acid gastric juice at time of
birth. This suggestion is not new(9,10) but
no laboratory support has been forthcoming

* This work was supported by a grant from Nat.
Inst. Health, US.P.HS.

t Established Investigator, Am. Heart Assn.

and this etiologic possibility is not seriously
considered by most workers. In adults, gas-
tric aspiration is traceable not only by the
clinical event, but by histologic identification
of food particles in the lung in which a severe
chemical and bacterial pneumonitis usually
ensues. In the hope of finding evidence for
the possible aspiration of gastric content it
was conjectured that pepsin, because it is the
most active gastric enzyme, might remain ac-
tive in the lung long enough after death to be
detected at autopsy, essentially serving as a
tracer.

Two methods of testing this hypothesis are
available: a) the immunologic, in which fluor-
escein-conjugated antibody to pepsin might
be used to label any pepsin still contained in
the lungs and b) direct enzymological deter-
mination of pepsin activity. Because of the
costliness of preparing antibody, the uncer-
tainty involved in species crossreaction, and
the probable lack of specific localization of
the pepsin, it was decided to postpone the im-
munologic method and attempt the enzyme
analysis. It was recognized, however, that
finding a proteolytic activity even at pH 2.0
would not constitute conclusive evidence for
the presence of pepsin. It has been shown
previously that newborn infants of varying
gestational ages may have considerable quan-
tities of acid gastric juice at birth(11) and
that pepsin secretion is also in progress at
this time(12).





