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ABSTRACT We have studied the effects of gluta-
mate receptor agonists on the cytosolic Ca2+ concen-
tration ([Ca2J) of single rat anterior pituitary (AP)
cells. lonotropic (NMDA and kainate/AMPA) and, to
a smaller extent, metabotropic glutamate receptors
were both present in all the five AP cell types, defined
by the hormone they store. Cells within all the types
responded also to thyrotropin-releasing hormone
(TRH). Alternative typing by the response to four
well-established hypothalamic releasing hormones
(HRHs), GHRH, GnRH, CRH, and TRH, was per-
formed. One-third of the cells were not sensitive to
any HRH, another third were sensitive to only one
HRH, and the last third were sensitive to more than
one HRH, frequently to all four. Only the cells
responding to TRH showed functional glutamate re-
ceptors. Superimposed to the above association, the
strongest responses to glutamate were found in the
cells responsive to multiple HRHs. These results
suggest that glutamate may act, by a nonsynaptic
mechanism, as a new releasing factor for one or, like
TRH, several AP hormones. Coexpression of gluta-
mate and TRH receptors in the subpopulation of cells
responsive to multiple HRHs might have a functional
meaning, perhaps related to phenotypic plasticity
and long-term regulation of hormone secretion by
the anterior pituitary.-Villalobos, C., Mimnez, L.,
Garcia-Sancho, J. Functional glutamate receptors in
a subpopulation of anterior pituitary cells. FASEB J.
10, 654-660 (1996)
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THE ANTERIOR PITUITARY (AP)2 contains at least five dif-
ferent cell types that are able to secrete growth hormone
(GH), prolactin (PRL), gonadotropins (FSH and LH), ad-
renocorticotropin (ACTH), and thyrotropin (TSH), respec-
tively. Secretion is regulated mainly by the hypothalamus
via releasing and inhibiting factors, which reach the pi-
tuitary through the hypophyseal portal system. The best-
known hypothalamic releasing hormones (HRHs) are
GHRH, CRH, and GnRH, which stimulate the secretion
of GH, ACTH, and gonadotropins, respectively, and TRH,
which stimulates secretion of TSH, PRL, and GH (1, 2).
HRHs elicit a [Ca2+}i increase in their cell targets, and

this is not surprising as Ca2+ acts as second messenger
in pituitary stimulus-secretion coupling (3-6).

Glutamate, the main excitatory neurotransmitter in the
brain, has been reported to induce secretion of several
pituitary hormones in vivo (7-9). These effects have been
attributed to actions on the hypothalamus, where the
presence of glutamate receptors is well documented (9).
However, glutamate also induces hormone secretion in
isolated AP cells (9-13). Reports on the presence of glu-
tamate receptors in the adenohypophysis are controver-
sial. Whereas the presence of non-N-methyl-D-aspartate
(NMDA) -type glutamate receptors at the anterior pitui-
tary has been suggested by immunocytochemical assays
(14), glutamate binding was detected at the hypothalamus
and the posterior pituitary, but not at the anterior pitui-
tary (15).

Stimulation of glutamate receptors in neural cells elic-
its an increase of the cytosolic free calcium concentration
([Ca2]1), which may be due to (16-18): 1) Ca2 entry
through the NMDA channel complex; 2) Ca2 entry
through voltage-gated Ca2+ channels recruited on depo-
larization by stimulation of other ionotropic glutamate re-
ceptors; 3) Ca2+ release from intracellular stores
secondary to stimulation of metabotropic receptors. In a
recent study with GH3 cells, a cell line derived from rat
anterior pituitary, we found that glutamate and other
acidic amino acids were able to elicit an increase of
[Ca2J. However, this effect was not reproduced by se-
lective glutamate receptor agonists. The actions of gluta-
mate in GH3 cells were secondary to glutamate entry
through a high-affinity electrogenic glutamate transporter;
this transport-mediated depolarization leads to activation
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2Abbreviations: AP, anterior pituitary; CH, growth hormone; ACTH,
adrenocorticotropic hormone or corticotropin; TSH, thyroid-stimulating
hormone or thyrotropin; FSH, follicle-stimulating hormone; LI-I. luteiniz-

ing hormone; PRL, prolactin; HRH, hypothalamic releasing hormone;
GHRH, growth hormone-releasing hormone; GnRH, gonadotropin-re-

leasing hormone or LHRH; CRH, corticotropin-releasinghormone;

NMDA, N-methyl-D-aspartate;KA, kainate; QA, quisqualate;AMPA,

a-amino-3-hydroxy-5-methyloxazole-4-propionicacid;DNQX, 6,7-dini-

troquinoxaline-2,3-dione;trans-ACPD, trans-i-amino-i,3-cyclopen-

tanedicarboxylic acid; [Ca2+]i, cytosolic free calcium concentration.



Only NMDA

Only QA

Only KA 3.2 ± 1.7

5.9 ± 3.6

2.9 ± 1.4

NMDA & QA
NMDA & KA

QA & KA

NMDA & QA & KA

1.2 ± 1.2

9.6 ± 6.4

12.0 ± 6.6

32.3 ± 8.0

RESEARCH COMMUNICATION

GLUTAMATE RECEPTORS IN PITUITARY CELLS 655

0
..

1000

80018001

204404
I

L

A.

GLU

B.

3mm.

t_-h

- - -
NMDA KA QA

Figure 1. Effects of glutamate (A) and glutamate receptor agonists (B)
on [Ca21Jof a representativecell. The concentrations of glutamate (GLU),
NMDA, kainate (1(A), and quisqualate (QA) were 100, 100, 50, and i

tiM, respectively.

of voltage-gated Ca2 channels (19). Here we find that, in
contrast to the above results, glutamate receptor agonists
produce an increase of [Ca2+}i in a subpopulation of rat
pituitary cells maintained in primary culture. Because
such a system is composed of several different cell types,
an additional effort was made to identify the cell targets
of glutamate receptor agonists in the anterior pituitary.

EXPERIMENTAL PROCEDURES

Anterior pituitary cells were prepared from 8- to 10-wk-
old male Wistar rats as described by Dobson and Brown
(20). Cells were attached to poly-L-lysine-coated glass
coverslips and cultured for 2 days in RPMI 1640 medium
supplemented with 10% fetal calf serum. The cell-coated
coverslips were loaded with fura-2 (21), and single-cell
[Ca2+]i measurements and time-resolved digital image
analysis were performed as described before (19, 22).
Cells were perfused continuously at about 2 ml/ml with a
standard solution containing (in mM): NaCl, 145; KC1, 5;
MgC12, 1; CaCl2, 1; glucose, 10; Na-HEPES, 10, pH 7.4.
Test substances were added to the perfusion solution.
Temperature was 36#{176}C.

For identification of single cells according to the hor-
mone they store, the coverslips were fixed with 4% for-
maldehyde at the end of the [Ca2+]j measurements, and
indirect immunofluorescence using antibodies raised
against one of the pituitary hormones was performed. The
field of interest was located by positioning a cross en-
graved in the coverslip as in the [Ca2] experiment and
the fluorescence image was captured with the image
processor. The image was digitalized, stored, and later
moved and rotated in the computer as required to match
exactly the [Ca2+]i images of the experiment. This proce-
dure has been described in detail elsewhere (23).

Fura-2/AM was obtained from Molecular Probes (Junc-
tion City, Oreg.). Antibodies against rat prolactin (rabbit,
#AFP425-10-91), -TSH (rabbit, #AFP1274789), GH
(monkey, #AFP4115), -FSH (guinea pig,
#AFP85GP9691BFSHB), and anti-human ACTH (rabbit,
#AFP39013082) were generous gifts from the National
Hormone and Pituitary Program, the National Institute of
Diabetes and Digestive and Kidney Diseases (NIDDK),
the National Institute of Child Health and Human Devel-

TABLE1.Frequency distribution of glutamate receptors in anterior
pituitary celLs#{176}

Receptor Frequency (%)

None 34.4 ± 1.4

Values are mean ± s of the percentage obtained in 5 independent experi-
ments (272 cells). Sequential stimulation with NMDA. kainate (KA). and quis-
qualate (QA) was as in Fig. I. Cells were considered responsive when an increase
of [Ca2] larger than 50 nM was produced.

opment, and the U.S. Department of Agriculture
(Rockville, Md.). Fluorescein-labeled anti rabbit, guinea
pig, or monkey IgGs, the hypothalamic releasing hor-
mones (GHRH, TRH, GnRl-l, and CRH) and the gluta-
mate receptor agonists and antagonists were obtained
from Sigma (London, U.K.) and RBI (Natick, Mass). The
culture medium and the fetal calf serum were from Gibco
(Paisley, Scotland). Other chemicals were either from
Sigma or E. Merck (Darmstandt, Germany).

RESULTS

Glutamate (100 LIM) elicited an increase in [Ca2] in
some AP cells. Figure l#{192}illustrates a representative ex-
ample. Half-maximal effect was obtained at about 20 l.LM
glutamate (results not shown). The percentage of cells re-
sponding to glutamate ranged between 18 and 94% in 32
experiments with different cell lots (mean±SE, 43±4;
2203 single cells analyzed). We have shown previously
that cloned GH3 pituitary cells responded to glutamate
but not to selective glutamate receptor agonists (19). On
the contrary, the cell shown in Fig. 1 responded to the
glutamate receptor agonists N-methyl-D-aspartate
(NMDA), kainate (KA), and quisqualate (QA). Table 1
summarizes the responses to these three agonists in 272
single cells studied in 5 different experiments. About one
third of the cells did not respond to any of the three
agonists.3 More than 50% of the cells responded to
NMDA and/or KA and 33% responded to all three

31n some of these cells the presence of AP hormones was demonstrated
by immunocytochemistry (see Table 2). Essentially all the cells in this
group possessed voltage-gated Ca2+ channels, as they showed a large
increase in [Ca2+]i when they were depolarized with high-K solution.
In seven different experiments, the cells responding to depolarization with
highK+ solution ranged between 91 and 98% of all the cells present in
the microscope field.
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TABLE 2. Response to glu tamate in the five AP cell types ,defined by immunocytochemical identification of the horrna ne they store0

Stored hormone % of all the cells % Responding to glutamate % Responding to TRH (Number of experiments/cells)

PRL 58 ± 4 36 ± 17 66 ± 5 (3/264)

40 ± 7 50 ± 5 57 ± 10 (4/333)

TSH 2 ± 1 80 ± 13 87 ± 8 (6/492)

ACTH 18 ± 2 58 ± 10 63 ± 4 (6/477)

FSH 8 ± 1 47 ± 21 61 ± 18 (3/279)

Oln each experiment the cells were stained, after the [Ca25] measurements, with one of the antibodies against AP hormones, so the existence of cells containing

more than one hormone cannot be excluded. Figures are mean ± SE of all the experiments with each antibody (number in the last column).

agonists. The frequencies for the different combinations
of glutamate receptors are detailed in Table 1.

The NMDA-induced increase of [Ca2] was fully
blocked by 1 .tM MK-801, an antagonist of the NMDA
receptor (24, 25; results not shown). The effects of KA
were mimicked by a-amino-3-hydroxy-5-methyloxazole-
4-propionic acid (AMPA, 10 p.M) and inhibited by 6,7-
dinitroquinoxaline-2,3-dione (DNQX, 8 IIM), a specific
inhibitor for the kainate/AMPA glutamate receptor (24,
26; results not shown). The increase of [Ca2+] induced
by KA was fully blocked by 0.1 l.LM nimodipine (95±2%,
mean+SE in 47 single cells; in the same cells nimodip-
me blocked by 93±8% the increase of [Ca2]1 induced by
depolarization by high-K). In contrast, blocking by ni-
modipine of the increase of [Ca2]1 induced by NMDA
was incomplete (42±14%; n40). Addition of 10 .tM
glycine together with NMDA increased two- to fourfold
the peak [Ca2] attained, whereas it did not modify the
increase of [Ca2+}i induced by KA. Removal of external
Ca2 prevented the effects of both NMDA and KA, but
had variable effects on the action of QA (results not
shown). Quisqualic acid may activate both the kai-
nate/AMPA and the metabotropic class of glutamate re-
ceptors (24). Trans-i-amino-i ,3-cyclopentanedicarboxylic
acid (trans-ACPD, 80 .iM), a specific agonist of the
metabotropic glutamate receptor (27), elicited a [Ca2]
increase (mean±SE) in 13±6% of the cells (378 cells
from 7 experiments). Thus, it seems clear that some AP
cells do possess functional glutamate receptors.

To ascertain the possible physiological role of gluta-
mate receptors it is pertinent to determine what type or
types of AP cells possess glutamate receptors. For these
purposes AP cells were stimulated with 100 j.LM gluta-
mate and then immunocytochemical identification of the
cells according to the content of a given AP hormone was
carried out in the same microscope field. Table 2 sum-
marizes the results obtained in 22 different experiments
(1845 cells). Cells within all the five cell types re-
sponded to glutamate. Although the fraction of responding
cells was different in every group (range, 36 to 80%),
there was not a clear-cut association between glutamate
receptors and a given cell kind. Table 2 also shows that a
large proportion of cells (57 to 87%) within each cell
type was able to respond to TRH with an increase of
[Ca2+1. This is, to our knowledge, the first demonstration

of such a general distribution of TRH receptors within all
the AP cell types.

An alternative classification of AP cells was attempted
according to their responses to HRHs. All the HRHs
tested (GHRH, GnRH, CRH, and TRH) elicited an in-
crease of [Ca2+]i in a given subpopulation of cells. The
left panels in Fig. 2 illustrate the effects of the four
HRHs, perfused sequentially, in five representative sin-
gle cells. Cells A-C were sensitive to only one HRH
(GnRH, GHRH, and TRH, respectively).4 However, some
cells were sensitive to more than one HRH. Cell D was
sensitive to both GHRH and TRH. Other cells were sen-
sitive to several combinations of two and three different
HRHs (results not shown), and some cells were even sen-
sitive to all four of the HRHs tested (cell E).

In 591 cells studied in ii experiments, the percent-
ages of cells sensitive to TRH, GHRH, CRH and GnRH
were 48, 37, 20, and 15%, respectively. Figure 3 sum-
marizes the frequency distributions of the different com-
binations of HRH receptors. About one-third of the cells
were not sensitive to any of the HRHs tested (open bar)3,
a second third were sensitive to only one HRH (dashed
bars), and the last third were sensitive to more than one
releasing hormone (filled bars). About 20% of the cells
were sensitive to two different HRHs, 7% were sensitive
to three, and another 7% were sensitive to the four
HRHs. The most frequent type of cells responsive to mul-
tiple HRHs was the one sensitive to TRH and GHRH,
followed by the one sensitive to all four of the HRHs.
Other combinations were less frequent and some did not
exit at all. Particularly, the TRH receptor was always pre-
sent in the cells responsive to multiple HRHs (Fig. 3).
The distribution of cell kinds varied somewhat with the
cell batch. For example, the cell subpopulation sensitive
to all four HRHs (7% in average) ranged from 4 to 18%
in ii different experiments.

To study the distribution of glutamate receptors in the
different cell types defined (Fig. 3), sequential stimula-

he pattern of response to different HRHs was not dependent on the
sequence in which they were perfused. This was checked in control
experiments in which the four HREIs were applied in different orders to
the same microscopic field.
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Figure 2. Effects of sequentially perfused hypothalamic releasing hormones and glutamate receptor agonists in five
representative single cells. HRHs were tested all at 10 nM except for TRH (100 nM). Concentrations of NMDA, KA,
and QA, as in Fig. 1.

tion with the four HRHs and the three glutamate receptor
agonists was performed. The results in five representative
single cells are shown in the right panels of Fig. 2. Cells
A and B, which were sensitive only to GnRH and GHRH,
respectively, did not respond to glutamate receptor
agonists. In contrast, cells C, D, and E, which were sensi-
tive only to TRH, GHRH and TRH, and all four of the
HRHs, respectively, were sensitive to one or several glu-
tamate receptor agonists. What cells C, D, and E have in
common is their sensitivity to TRH. When all the cells

present in the same microscope field were divided into
two groups (the TRH-sensitive and the TRH-insensitive
one) and the responses to the glutamate receptor agonists
were averaged for each group, a surprising result arose.
The responses to the glutamate receptor agonists were re-
stricted to the TRH-sensitive group (Fig. 4). Thus, ex-
pression of functional TRH and glutamate receptors is
closely associated and takes place in the same cells.

Full analysis of the responses to the glutamate receptor
agonists in terms of the cell subpopulations defined by
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Figure 4. Glutamate receptors are restricted to TRH-sensitive cells. The

cells were sequentially perfused with NMDA, KA, QA, and TRH as in
Fig. 3. Then the traces for all the cells sensitive to TRH (A, 24 cells) or
those insensitive to TRI-I (B, 19 cells) were averaged. Results are repre-
sentative of 12 similar experiments.
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the different combinations of HRHs receptors (Fig. 3) al-
lowed some additional conclusions. Such analysis is sum-
marized in Fig. 5 for the seven more frequent
subpopulations and the glutamate receptor agonist
NMDA. Among the cells expressing only one HRH recep-
tor, only those bearing the TRH one coexpressed the glu-
tamate receptor. In’ cells expressing two HRH receptors
(illustrated by the TRH + GHRH combination in Fig. 5),
the response to NMDA was significantly greater. Finally,
in cells expressing three (not shown in Fig. 5) and the
four HRH receptors (“ALL’ in Fig. 5), the response to
NMDA was still greater. Thus, it seems that, superim-
posed to the absolute requirement of the presence of the
TRH receptor, the expression of functional NMDA recep-
tors is increased in the cells that bear additional HRH
receptors. The results with the other glutamate receptor
agonists were less clear, although coexpression with the
TRH receptor was also observed (Fig. 4). If glutamate re-
ceptors are expressed in all the AP cell types and there is
an association between glutamate and TRH receptors, it

should be expected that TRH receptors are expressed in
all the cell types. Confirmation of this expectation has al-
ready been shown in Table 2.

DISCUSSION

Glutamate has been reported to induce secretion of sev-
eral AP hormones both in vivo and in vitro (7-13), sug-
gesting that it could act not only at the hypothalamus but
also directly on the own AP cells. NMDA has been shown
recently to increase [Ca2+li in isolated somatotrophs (11).
We extend this concept by showing that glutamate is able
to increase [Ca2I in all the five types of AP cells, de-
fined by the hormones they store. Both ionotropic (NMDA
and kainate/AMPA) and, to a smaller extent, metabot-
ropic glutamate receptors are present.5 Thus, glutamate
could act nonsynaptically (AP is considered a noninner-
vated tissue) as a releasing factor of pituitary hormones.
Nonsynaptic inhibitory regulation of AP secretion has
been proposed also for other neurotransmitters such as
dopamine or ‘y-aminobutyric acid (1, 29). On the other
hand, the presence of glutamate receptors in pancreatic
cells and a possible role in the control of insulin secre-
tion has been proposed recently (30).

Regarding the origin of glutamate, the most obvious
would be secretion from hypothalamic neurons, where
glutamate is the dominant excitatory neurotransmitter (9,
31), reaching AP through the portal hypophyseal system.
Possible paracrine effects of glutamate released from pos-
terior pituitary axons or pituicytes (15), reaching AP

This is at variance with previous results in GH3 cells, where glutamate
receptors were absent or nonfunctional (19). Dopamine receptors, which
are present in normal lactotrophs and somatotrophs, are also absent in
GH:t cells (28). We also find that CU3 cells do not respond to angiotensin
II whereas normal AP cells do (unpublished observations).
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Figure 3. Classification of anterior pituitary cells by their response to
the hypothalamic releasing hormones. HRI-ls were tested at 10 nM except
for TRH (100 nM). Frequencies of cells responding to different combina-
tions of HRHs were estimated from the analysis of 591 cells coming from
11 different experiments in which the four HRHs were perfused sequen-
tially, as in Fig. 2. An increase in lCa2]1 > 50 nM was considered a
positive response. The cells responding to none of the HRHs were,
however, responsive to depolarization with high-K’5 solution (see footnote
3).

through short portal vessels, should also be considered.
Finally, plasma glutamate, which could change depend-
ing on food intake and/or the metabolic status, should be
taken into account. The resting plasma level of glutamate
(40-iOO j.tM) would be enough to produce near-maximal
stimulation of AP cells. The activity of AP cells in the in-
tact animal results from the balance of many stimulating
and inhibiting factors. Stimulation by plasma glutamate
might contribute to provide a basal tone of activity in AP
cells, thus leaving room for the action of inhibiting fac-
tors such as dopamine or somatostatin. Alternatively, the
concentration of glutamate in the plasma reaching AP
cells through its portal circulation could be lower than
the measured in blood samples. Glutamate could, for ex-

U
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mate in a nonneural tissue, further effort, much of it in
the intact animal, will be required to elucidate the in-
volvement of glutamate in physiological control of hor-

mone secretion and cell differentiation at the anterior
pituitary.

This work was supported by the Spanish Direcci#{243}nGeneral de lnves-
tigaci#{243}nCientIfica y T#{233}cnica(DGICYT, grant PB92-O268).

Figure 5. Distributionof NMDA receptorsin pituitarycellsubpopula-

tions.Cells were sequentiallyperfused with the HRHs, followed by
NMDA, asin Fig.3.Then theywere classifiedaccordingtotheirresponse

to the different HRHs, asin Fig. 2.The response toNMDA was quantified

in each single cell as the average of the [Ca2+], increase during the 1-mm

period of stimulation. The dashed bars are the means of all the cells
studied for each type (number in brackets) in three different experiments.
Lines at the right of each bar represent SE. NONE stands for cells not

responding to any of the HRHs and ALL for cells responding to all the
four HRHs.

ample, be taken up from the capillaries by nearby glial
cells during blood circulation through the hypothalamus.
In this case, an increase in blood glutamate might be
relevant to stimulate AP hormone secretion.

There was no clear-cut association between the cell
type, defined by the storage of a given hormone, and the
presence or the absence of glutamate receptors. We have
attempted an alternative classification of the cells on the
basis of the responses to the HRHs. We find that up to
one-third of the cells responded to several HRHs, often
to all of the four tested. Similar findings have been re-
cently reported by Kasahara et al. (6), although a full
population study was not performed in that case. Gluta-
mate and TRH receptors tended to coexpress in the cell
kind responsive to multiple HRHs. Because glutamate
and TRH are both known to influence cell differentiation
(2, 32, 33), it is tempting to speculate that cells responsi-

ble to multiple HRHs could play a role in the widely ac-
knowledged phenotypic plasticity of the pituitary gland.
Transdifferentiatjon from one cell kind to another, which
is known to happen under the proper humoral influence
(34), might include passage through the cell subpopula-
tion sensitive to multiple HRHs.6 Although our results
provide some exciting clues on a possible role of gluta-

6So,ne observations in the intact animal are consistent with a role of

glutamate in pituitary differentiation and long-term control of hormone
secretion (9). For example, glutamate is known to advance the onset of

puberty in the rat, whereas glutamate receptor antagonists have the
opposite effect(35). Kainate is able to induce LII and FSH secretion in
rat AP cells, but sensitivity to kainate is dependent on age, being lost in
the older animals (13).
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ERRA TA

Because of a programming error, superscripts were
dropped from several lines at the end of column two,
page 182, of E. N. Moudrianakis’ article [FASEB J.
(1996) Protein Coagulation and Reversible Denaturation
to the Protein Folding Problem: Chris Anfinsen Defining
the Transition, 10, 179-183]. The sentences should have
read: We can determine, for example, that the DNA in a
single haploid cell (of Lilium) is approximately 53 x 10-12

grams. If we assume that this DNA is present as a single,
long double helix, it can be calculated that the length of
this coil would be 15 x io microns or 15 meters, and

that the coiled structure would make 4.4 x iO turns

around the screw axis.

In the letter by D. M. Stearns and K. E. Wetterhahn
[FASEB J. (1996) Chromium(III) picolinate: authors’ re-
ply, 10, 367-369), the authors were responding to Mr.
McCarty’s original letter, which assigned reference num-
bers to personal communications, an unpublished manu-
script, and a meeting abstract. Upon typesetting,
McCarty’s references 3, 4, 23, 28, and 36 were moved to
the text and the remaining references were renumbered,
but the citations of those references were not changed in
the authors’ response letter. The following table lists the
original numbers as cited in the authors’ response, and
the corrected numbers cited in McCarty’s letter as actu-
ally published.

McCarty’s original reference numbers Numbers corresponding to McCarty’s

as cited in the authors’ response published references (pp 366-367)
(pp 367-369)

15
11

5-14, 16-20

25
22
31

33-35
24
37

13
9

3-12, 14-18
22
20
27

29-31

21
32

A printing error in the February 1996 issue caused much
of figure 2 on page 354 to be obliterated [Van Dam, A.-M.,
De Vries, H. E., Kuiper, J. Zijistra, F. J., De Boer, A. G.,
Tilders, F. J. H., and Berkenbosch, F. (1996) Inter-
leukin-1 receptors on rat brain endothelial cells: a role in

neuroimmune interactions? FASEB J. 10, 351-356]. The
figure as it should have appeared is printed below.




