protoplasm of the mammalian, plant,
and algal cells are far greater than those
in lyophilized samples or in isolated
phospholipids. In these three cells, tem-
pone experiences much greater free-
dom of molecular motion in cellular
hydrophobic zones than in cellular
aqueous zones. These data suggest
that, in cells where internal membrane
structure abounds, the aqueous regions
have such a high microviscosity that
diffusion along the plane of the mem-
brane or within the membrane struc-
ture may be faster and more efficient
than through the three-dimensional
aqueous protoplasm. Our observations
indicate that the lateral translational
diffusion in membranes reported by
Frye and Edidin (I2), Trduble and
Sackmann (/3), Devaux and McCon-
nell (I4), and Scandella et al. (15)
may be extremely important to vital
cellular logistic processes.

ALEC D. KEITH, WALLACE SNIPES
Department of Biophysics, Pennsylvania
State University, Unversity Park
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Cell Culture of Mammalian Endometrium and

Synthesis of Blastokinin in vitro

Abstract. Endometrial cells obtained from mature female estrous rabbits can be
grown in cell culture with the aid of insulin. These cells, after several days in
culture, are capable of synthesizing blastokinin by induction with progesterone for

48 hours.

Recent evidence on the action of
steroids on target cells of chick oviduct
(1), mammary explants (2), and ova-
rian follicular cells in vitro (3), indi-
cates that the interaction of hormones
is required for cell proliferation. and
subsequent cell differentiation. Previous
workers in attempts at in vitro culti-
vation of mammalian endometrium
failed to take this into consideration
(4), which probably accounts for their
ina'bil/ity to maintain long-term viable
tissue cultures that respond to steroid
hormones. It had been observed, how-
ever, that a cell line from human en-
dometrial adenocarcinoma has recently
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been established without exogenous ad-
dition of steroids or other hormones
(5). On the other hand, survival of
short-term human endometrial tissue in
organ culture increased when insulin
was added to the culture prior to stimu-
lation by progesterone (6). Studies on
chick oviduct epithelium also indicated
that estrogen is necessary for cell di-
vision and that progesterone added to
cells previously stimulated by estrogen
blocked cell proliferation.

These results and those from mam-
mary explant cultures (2) suggested to
us the possibility that tissue cultures of
rabbit endometrium could be estab-

lished if insulin alone or in combina-
tion with estrogen was added to the
medium prior to administration of
progesterone. In vitro cultures of rab-
bit endometrium would serve as an ex-
cellent model system for testing the
interaction of various. hormones, since
it has been shown in vivo that rabbit
endometrium secretes ‘‘blastokinin” in
the progestational state from days 3 to
9 of pregnancy (7). Blastokinin has
been found to be an inducer of blasto-
cyst growth in vitro (7), stimulates mi-
totic activity in cells of diapausing blas-
tocysts (8), and stimulates RNA and
protein synthesis in rabbit blastocysts
(9). Blastokinin is synthesized in uteri
of ovariectomized rabbits by exogenous
addition of progesterone (10). There-
fore, we have developed a cell culture
system to investigate the control and
regulation of hormones on the produc-
tion of blastokinin. Monolayers (mixed
culture) of uterine endometrium have
been established in our laboratory both
as primary and secondary tissue cul-
tures which proliferate under the in-
fluence of insulin, and primary cultures
secrete  blastokinin after stimulation
with progesterone.

Primary tissue cultures of rabbit en-
dometrium were established from uter-
ine tissues obtained from mature estrous
New Zealand white female rabbits
with no previous history of matings.
Whole uteri were removed surgically
from rabbits, washed several times in
0.9 percent sterile saline, and exposed
to ultraviolet light in a sterile trans-
fer hood for 10 to 15 minutes to en-
sure sterile organs. With the ultravio-
let off, uteri were cut open and the
uterine epithelium was carefully re-
moved with forceps and curved surgical
scissors. Endometrium was finely
minced, with curved scissors, in sterile
saline (0.9 percent) and placed in ster-
ile, 40-ml capacity, screw-cap centri-
fuge tubes containing four to five vol-
umes of 0.25 percent sterile trypsin.
Tissues were agitated gently by hand for
20 to 30 minutes at room temperature
and centrifuged. The trypsin solution
was decanted and cells were suspended
in four to five volumes of medium
199 containing Hanks basal salts and
10 percent fetal calf serum (Colorado
Serum Co.).

Cells were placed down (2 X 103 to
5 X 103 cells per milliliter) in 60-mm
sterile Falcon plastic petri dishes con-
taining 3 to 5 ml of medium 199 with
Hanks base containing 10 percent fetal
calf serum, antibiotic-antimycotic mix-
ture (Grand Island Biological Co.), and
insulin (bovine pancreas, Calbiochem),
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Fig. 1. Photomicrographs of rabbit uterine
endometrial cells in growth in tissue cul-
ture (X 290). (a) A phase contrast micro-
graph of primary cells grown for 5 days
in medium 199 with insulin. (b) A photo-
micrograph of the same culture fixed in
Bouin’s fluid after 8 days in culture and
stained with Harris hematoxylin and aque-
ous eosin.
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40 pg/ml. Cells were allowed to set
for 5 days, medium was removed, and
fresh medium containing insulin was
added for three more days. After the
second wash, medium containing both
insulin (40 wg/ml) and estradiol 178
(0.1 pg/ml) or insulin (40 pg/ml) and
progesterone (10 ug/ml) (Calbiochem)
was added to the cells. The media con-
taining steroids were allowed to remain
in contact with monolayers of endo-
metrium for 48 hours. After this treat-
ment secondary cell cultures were es-
tablished making a 1 to 3 split of cells
in medium 199 containing only insulin.
Cells were dislodged from each plate
with a rubber policeman.

A representative phase contrast pho-
tograph of a 5-day primary culture of
endometrial cells is shown in Fig. 1a,
and a hematoxylin and eosin stained
preparation of the same culture after
8 days is shown in Fig. 1b. The culture
reached maximum density after three
more days in fresh medium with insulin.
Cells are not always typically epithe-
lioid in appearance. Some appear vac-
uolated, others have long protoplasmic
extensions assuming a more fibroblastic
nature, some appear binucleate, and
several exhibit pleomorphic nuclei.

Medium (washes) from primary
cultures after various stages of hormo-
nal treatment were analyzed for blasto-
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kinin. The medium was centrifuged at
10,000g to remove cells and cellular
debris. High-molecular-weight compo-
nents of serum in the medium were
removed by an Amicon XM-50 mem-
brane filter under nitrogen pressure.
This particular membrane excluded
molecules greater than 50,000 daltons.
Blastokinin has a molecular weight of
about 15,000 (/1) and if present would
appear in the filtrate. Vacuum dialysis
was next used to concentrate the fil-
trate to a final volume of approximately
0.1 ml. This entire filtrate was. subjected
to polyacrylamide gel electrophoresis
with the use of a slab gel (Ortec).
The results are shown in Fig. 2. Gel 1
is an insulin control and gel 2 is a
standard in vivo uterine flushing taken
from a S5-day pregnant rabbit. The po-
sition of blastokinin in the gels is shown
by the arrows. It can be seen (gel 3)
that endometrial cells cultured for 5
days produced very little blastokinin,
if any. The same cells after 3 days
more in culture (gel 4) had a definite
blastokinin band. These cells subse-
quently treated with estrogen for 48
hours produced lesser blastokinin (gel
5), indicating an inhibitory effect by
this steroid. Gel 6 is a preparation from
cells treated for 48 hours with proges-
terone. A preparation treated as that
in gel 6 was subjected to immunoelec-
trophoresis in polyacrylamide gel (12).
Goat antiserum against 5-day pregnant
rabbit uterine flushings was used in
these experiments after absorption with
rabbit serum and rabbit uterine flush-
ings which lacked blastokinin. The re-
gion of the gel occupied by the band
which we designate as blastokinin pro-
duced a faint but discernible arc when
allowed to diffuse against the antiserum.
No additional immunoelectrophoretic
reactions were observed. Therefore, our
designation of the blastokinin band is
confirmed. The distinct blastokinin band
indicates that progesterone can induce
its production in vitro. At present it is
unclear which cell type in our cultures
produces blastokinin; however, data
from in vivo experiments (/3) suggest
that the source of blastokinin is epithe-
lial.

It is also interesting that media from
the cell cultures (second wash) prior
to treatment with gonadal steroids con-
tained some blastokinin (although much
less than the progesterone-treated cells).
This is a consistent result in our experi-
ments and may reflect a dilution of es-
trogen already present in the cells at
the initial time of culture. In the ab-
sence of estrogen, cells that reach con-
fluency at about day 8 or 9 may

2 . ,
Fig. 2. Polyacrylamide slab gel electro-
phoresis of filtered media (washes) re-
moved from cell cultures after various
treatment with hormones. Arrows point to

the position of blastokinin present in the
various gels. See text for details.

become secretory once they stop pro-
liferating in culture.

Initial attempts to culture endome-
trial cells from pregnant (progesta-
tional) rabbits failed. In these attempts
we used all of the above procedures,
including 1- to 2-mm explants of endo-
metrium in the same medium men-
tioned above containing no steroids or
insulin. It is now apparent that cells
from progestational uteri do not pro-
liferate without the aid of insulin and
estrogen. These results agree with the
findings on chick oviduct cells, where
it has been shown that progesterone
blocks cells in the cell cycle (1). Other
attempts at cell culture with progesta-
tional endometrium with estrogen-sup-
plemented medium without the aid of
insulin allowed a low level of cell
growth and failure to establish com-
plete monolayers.

Secondary cell cultures have been
established through four serial transfers
of uterine endometrium from estrous
rabbits, grown only in insulin-containing
medium. Prolonged treatment with
progesterone, over 48 hours, prevents
cells from entering back into the cell
cycle when insulin-containing medium
is added again to these cells. These
results suggest that progressive differ-
entiation is mediated by progesterone
and that if cells are stalled for long
periods in the cell cycle they are no
longer capable of further proliferation
or recruitment. In a typical experiment,
with six petri plates of monolayers of
primary cultures treated with progeste-
rone for 48 hours, only two plates were
found to produce viable secondary cul-
tures of rabbit endometrium when
placed in medium containing only in-
sulin.

GaAry L. WHiITsoN
FINNIE A. MURRAY
Department of Zoology,
University of Tennessee.
Knoxville 37916
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The Casparian Strip as a Barrier to the

Movement of Lanthanum in Corn Roots

Abstract. The effectiveness of the Casparian strip as a barrier to apoplastic
movement of solutes from cortex to stele of corn roots was investigated by using
lanthanum in combination with electron microscopy. Lanthanum deposits were
found only in cell walls and on the outside of the plasma membrane of epidermal,
cortical, and endodermal cells up to the Casparian strip. Lanthanum was com-
pletely absent from the stele, indicating that the Casparian strip provides an effec-
tive barrier to apoplastic movement of solutes. Inhibitory effects of trivalent
lanthanum ions on the absorption of potassium ions are discussed in relation to
the nature of the lanthanum ion binding site on membranes.

The endodermis of roots separates the
cortex from the vascular tissue (stele).
Endodermal cells have a chemically
distinct band of hydrophobic wall mate-
rial known as the Casparian strip which
is presumed to act as a barrier to the
diffusion of solutes through cell walls
from cortex to stele. Electron micro-
scopic studies of the uptake of uranyl
ions by barley roots () and of the dis-
tribution of lead-ethylenediaminetetra-
acetic acid in wheat and carrot roots
(2) provide evidence for this contention.

The cation La3+ does not penetrate
cell membranes and can be visualized
with the electron microscope. Because
of these features, La3+ has been used to
define extracellular channels in animals
(3) and the cell wall continuum (apo-
plast) in plants (4). We report here the
use of La®+ to examine the apoplast of
corn roots with particular reference to
the function of the Casparian strip.

Primary roots of 4-day-old corn
seedlings were incubated in a solution
containing La+ (pH 5.7) and prepared
for electron microscopy (5). Fixation at
pH 7.3 or above resulted in localized
deposition of La in cell walls and
along the outer leaflet of the plasma
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membrane of epidermal (not shown)
and cortical cells (Fig. 1, A and B). As
expected, La*+ did not cross the plasma
membrane into cells (Fig. 1, A-C).
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Lanthanum was also found deposited
along the cortical side of endodermal
cells up to the Casparian strip (Fig. 1,
C and E). The stelar side of the Cas-
parian strip and the cells in the stele
were completely free of La deposits,
as were those of untreated control tis-
sue (Fig. 1, C and D).

High magnification of the cell wall
region between two endodermal cells
(Fig. 1, C and E) showed that La
was deposited in the cell wall and along
the plasma membrane up to the Cas-
parian strip (dark area of cell wall).
Plasma membrane associated with the
Casparian strip had a tripartite struc-
ture and formed a smooth, tight junc-
tion with the wall material (Fig. 1E)
(6).

Our results indicate that the Cas-
parian strip of corn roots provide a
barrier to the diffusion of La3+ (and
presumably other solutes) in the apo-
plast from the cortex to the stele.
Solutes entering vascular tissue of roots
possessing an intact endodermis must
do so by first being absorbed into
epidermal, cortical, or endodermal cells
and then moving through the cytoplas-
mic continuum (symplast) to the stele.

The association of lanthanum with
the outside of the plasma membrane
(Fig. 1, A and B) (3, 4) suggests that
La3+ binds to some site on the mem-
brane. It has been proposed that La3+
binds to Ca>* sites on membranes be-
cause of correlations between Ca2+t ex-
change induced by La%*+ and several
physiological effects (7). Further, in
atomic absorption spectroscopy La3+
is routinely used to displace Ca2+ from
complexes with phosphate (8). Hence,
La3+ is believed to bind to, and (or)
displace Ca2+ from, membrane sites
normally occupied by Ca2+.

In corn roots, Ca2+ (0.5 mM or less)
has been shown to be an inhibitor of

Fig. 1. (A) Lanthanum deposition between
two cortical cells (CC) and between a
cortical cell and an endodermal cell (EC)
(unstained, X 41,000). (B) High magnifi-
cation of lanthanum deposition between
two cortical cells (unstained, X 27,500).
(C) A portion of a radial wall between
two endodermal cells showing lanthanum
deposition up to the Casparian strip (CS).
The Casparian strip region is the dark
area of the wall designated by the arrows
(unstained, X 33,500). (D) Untreated con-
trol of the Casparian strip (between
arrows) (unstained, X 27,500). (E) Stained
preparation showing lanthanum deposition
up to the Casparian strip (between arrows)
(X 69,000).

SCIENCE, VOL. 183



	Cit r291_c367: 
	Cit r294_c376: 


