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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).
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K+ absorption (9). We measured the
rate of K+ absorption by corn roots
(10) at several concentrations of Lad+
and found an inhibition similar to that
reported for Ca2t (for example, at O,
0.05, 0.1, 0.25, and 0.5 mM La(NO,)s,
K+ absorption was 2.43, 1.81, 1.44,
1.31, and 1.26 umole per gram fresh
weight per hour, respectively). In the
presence of Ca?+, K+ absorption was
inhibited (0.25 mM Ca2+; 1.03 umole
per gram fresh weight per hour) and
addition of La3t+ had no further in-
hibitory effect. These results are con-
sistent with the proposal that the sites
of Lad+ deposition on membranes are,
at least in part, sites which also bind
Ca2+,
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Diphenylhydantoin: Effects on Calcium Metabolism in the Chick

Abstract. Rickets, hypocalcemia, decreased duodenal calcium transport, and
reduction of calcium binding protein have been produced in chicks treated with
diphenylhydantoin. These effects are directly related to diphenylhydantoin dose
and inversely related to the intake of vitamin Dy (cholecalciferol).

Hypocalcemia, rickets, and osteo-
malacia develop with variable frequency
in patients on long-term anticonvulsant
therapy (/). Both phenobarbital (PB)
and diphenylhydantoin (DPH) have
been implicated; several reports suggest
that these agents, by altering calciferol
metabolism, may produce a state of
functional vitamin D deficiency. Our
studies in chicks demonstrate that DPH
causes a decrease in intestinal calcium
absorption, intestinal calcium binding
protein (CaBP), serum calcium, and
bone ash. Radiographic and histologic
evidence of rickets was also seen. These
effects were directly related to the DPH
dose and inversely related to the amount
of cholecalciferol, that is, vitamin Dg
(D), given concomitantly.

Cholecalciferol is hydroxylated in the
liver to 25-dihydroxycholecalciferol
[25-(OH)D;] and in the kidney to 1,25-
(OH),-dihydroxycholecalciferol  [1,25-
(OH);D3] (2). Each step increases
polarity and biological activity. The
same sequence obtains for ergocalciferol
(D,), which is the form commonly used
for dietary supplementation. Hahn et al.
(3) found decreased serum concentra-
tions of 25-(OH)D; in patients receiving
either PB or DPH. Concentrations of
25-(OH)D; correlated directly with
serum calcium and with calciferol in-
take. Hahn et al. (4) also reported that
the half-life of Dy in the plasma was
shortened in subjects receiving PB and
described increased conversion of Djg
and 25-(OH)D; to more polar metab-
olites by hepatic microsomes from PB-
treated rats.

Tolman et al. (5) reported ac-
celerated plasma disappearance rates
and increased urinary excretion of both
D; and 25-(OH)D, in patients who re-
ceived either PB or DPH. In contrast,

Schaefer et al. (6) and Silver et al. (7)

found increased serum 25-(OH)D;
under similar circumstances. Heal-
ing of bone lesions has been re-

ported after administration of large doses
of Dy (1) or small doses of 25-(OH)D4
(8). These findings have led to the view
that anticonvulsants act as calciferol an-
tagonists by inducing liver enzymes that
convert D; to inactive or rapidly ex-
creted metabolites (or both).

In the rat, both Koch et al. (9) and
Caspary (/0) found that absorption of
calcium was depressed by DPH and
PB. Neither found any significant
change in intestinal calcium binding ac-
tivity, and concluded that the synthesis
of the CaBP was not affected. Since
CaBP has an absolute dependence on
vitamin D (or metabolite or vitamin D
active steroid) for its synthesis and
maintenance (//), the negative findings
of Koch and Caspary would have im-
portant implications with respect to the
pathogenesis of osteomalacia and rickets
accompanying anticonvulsant therapy, if
verified. Also, Clark et al. (12) saw no
radiographic evidence of rickets in
DPH-treated rats.

White Leghorn cockerels (1 day old)
were offered a calciferol-free but other-
wise adequate diet (/3). After 5 days
they were divided into seven groups
whose D; and DPH intakes are given
in Table 1. Crystalline D4 was dissolved
in sesame oil to give 3 or 6 international
units (I.U.) per 0.1 ml, which was ad-
ministered orally. Group 1 received
sesame oil alone. The DPH (diphenyl-
hydantoin, Eastman) was added to the
diet to give 1 or 2.5 g per kilogram
of diet, and DPH intake was calculated
from weekly averages of food consump-
tion and body weight (W). The body
weight was converted to surface area
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