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Rat lnterleukin-1 �Binding Sites in 
Rat Hypothalamus and Pituitary 
Gland 

In this study, radiolabeled recombinant rat interleukin- IP (r12s1-IL-l p) was 
used to localize and characterize I L-1 P binding in rat hypothalamus and pitu
itary gland by quantitative autoradiography. The ability of this ligand to bind 
to type I IL-1 receptor was first tested on murine lymphoma cells (EL-4). ln the
rat-tissue sections. high densities of specific r1251-IL-1 P binding sites were 
localized in the anterior as well as the posterior pituitary and in the choroid 
plexus. A line labeling was observed in meninges and third ventricle walls 
while no binding was detected in the hypothalamic nuclei. Saturation experi
ments, in the anterior and posterior pituitary, revealed one specific binding 
site with an affinity constant (J<.o) of 0.5 nM. Competition experiments were 
achieved using either rat IL-1 P (rll-1 P> or human IL-1 s (hlL-1 a, hlL-1 P and 
IL-1 receptor antagonist: hll-1 a). Affinity constants (Ki) were drastically dif! 
ferent according to the ligand used, while K; values were found similar in ante
rior and posterior pituitary. Competition with rlL-1 p revealed one binding 
affinity (K; of 0.1 nM range). In contrast, competition with hll-1 P revealed 
two binding affinities: a high (K;: 0.1 pM range) and a low one (K;: 1 n.M 
range). Competition with hll-1 ra was obtained for high concentrations only 
(K;: l 0-100 nM range), whereas human IL-1 a (hlL-1 a) was unable to compete
at 1-100 nM. Therefore, two types of IL-1 binding affinities have been identi
fied in rat pituitary tissues: a very high affinity binding, detected with hIL-1 P 
only and a lower affinity binding. Human IL-lP can therefore be a better 
ligand for rat receptors than the rat ligand itself while hlL-1 a is not. This is 
suggestive for the existence of several IL-1 receptor subtypes and is in accor
dance with the biological activity of hll-1 p in the rat. Moreover, the high 
density of binding sites observed in both anterior and posterior pituitary indi
cates that pituitary tissues are direct targets for IL-1 stimulation. It is worth 
noting that IL-1 binding sites cannot be detected in the rat hypothalamus. This 
raises the question of the mechanism of the hypothalamic IL-1-mediated 
effects and suggests a role of the third ventricular walls in this mediation. © 1995 S . Karger AG. B asel N 
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Introduction 

Interleukin 1 (IL-1) is a pleiotropic cytokine, widely 
involved in interaction between the immune, nervous and 
endocrine systems [ 1]. The effects of IL-1 on neuroendo

crine and brain functions are actually well documented 
[2-4]. Peripheral or central administrations of IL-1 in 
rodents has potent neuroendocrine actions on the hypo
thalamus-pituitary-adrenal (HPA) axis through an in
crease in corticotropin-releasing factor (C'RF) secretion 
from the hypothalamus followed by an increase in adreno
corticotropic hormone (ACTH) [5-9]. 

At the pituitary gland level, IL-1 is also directly 
involved in the regulation of anterior pituitary hormones 
such as ACTH, GH, LH, TSH and PRL [8, 10-15] and in 
the liberation of the posterior pituitary hormones vaso
pressin (AVP) and oxytocin (OXY) [16, 17). In addition
to these neuroendocrine actions, brain-mediated effects 
are observed following human IL-1 (hi L-1) administra
tion (i.v. or i.c.v.) in rat and mouse brain such as fever 
[ 181. analgesia [ 19], modulation of food intake [20], 
increase in slow wave sleep [21], behavioral changes (3, 
22], as well as immunosuppressive effects [23]. These 
effects are thought to be mediated by the action of IL-1 at 
specific sites in the hypothalamus. 

IL-1 receptors (IL-1 R) have been localized by autoradi
ography in the mouse anterior pituitary using hlL-la and 
hlL-1 p as a ligand [24-26] and characterized as type I 
receptor (27-29], but no binding was detected in any 
hypothalamic nucleus. In contrast, in the rat brain and
pituitary we did not visualize any binding site using the 
same ligand (personal results) while a widespread distri
bution of IL-1 binding sites has been reported using 
murine IL-la (mlL-la) [30]. In rat hypothalamic mem
brane preparations, low-affinity high-capacity binding 
has been detected using hlL-1 p, while no binding was
detectable in the pituitary gland [31 ]. 

We consider that these discrepancies in IL-1 binding in 
the rat brain are related to the use of species heterologous 
ligands. This hypothesis has been tested with the use of 
recombinant rat l25(-IL-1 p (r125f-IL- l P> by a quantitative
autoradiographic study of IL-1 binding to rat hypothala
mus and pituitary gland. 

Material and Methods 

Animals 

Male Wistar rats ( 180-200 g. IFFA CREDO) and male C �H/He/ 
OU mice (7-8 weeks old. Pasteur) were kept under standard labora
tory conditions in which the light period was from 07:00 until 
19:00 h. Sterilized laboratory food and water were available ad libi
tum. Animals were killed by decapitation. Brain and pituitary gland 
were dissected rapidly. frozen in dry ice powder and kept at -80°C 
until use. 

Radioligand 

Recombinant rat IL-113 (rlL-lj}) was iodinated (100 µCi/µg) 
according to the lodogen method [32. 33]. Briefly. lodogen ( 1.3.4. 
6-tetra-chloro-3-alpha-6-alpha-diphenylglycouracil, Pierce Chemi
cals. Rockford, Ill., USA)-coated polyethylene conical tubes (Grei
ner, The Netherlands) containing 2.5-5 µg recombinant rlL-11} dis
solved in 10 µl ofO. l M Tris-HCI buffer (pH 7 .3) were incubated for 
15 min at room temperature with I nM of Na-12s1 ( 10 µl of a Na OH 
solution, pH 7-11. Amersham. UK). To separate the labeled IL-1 p 
protein from aggregates and free iodine, the labeling mixture was 
loaded on a Sephadex G25 medium column and eluated with a buffer 
consisting of 0.1 M Tris-HCI containing 0.02% gelatin. The prepara
tion was further purified by gel filtration using a Sephadex G50 fine 
column with 0.1 Tris-HCl containing 0.02% BSA as elution buffer. 
The binding characteristics of the radiolabeled ligand were tested 
using membranes of a murine T-cell lymphoma cell line (EL-4 cells) 
and mouse pituitary. 

Unlabeled Reagents 
Recombinant cytokines: human IL-la and human IL-IP were a 

gift of Dr. S. Gillis (lmmunex Corporation. Seattle. Wash .• USA). 
human IL-1 receptor antagonist (hlL-1 ra) was from Synergen (Boul
der, Colo .. USA), human IL-2 was from Roussel Uclaf (Romainville, 
France}. Rat IL-IP was kindly provided by Dr. E. Kawashima from 
Glaxo IMB (Geneva. Switzerland). 

EL-4 Membrane-Binding Assay 
Murine EL-4 cell membranes were used to test the binding of the 

radiolabeled rlL-113 ligand. Saturation experiments were performed 
on 32 µg of EL-4 cell membranes incubated for 1 h at room tempera
ture with increasing concentrations (0.1 p . .\t/ to 4 nM) ofr12SJ-IL-1 pin 
a final volume of 50 µI per well of a 96-well filter plate. Nonspecific 
binding was defined as binding in the presence of IOµM hlL-lP. 
Competition experiments were performed with 5.7 pMto IOnMrlL-
1 J3 and 0.87 pM to 28.6 111\1 hlL-1 J3 in the presence of 45 pM r12s1_ 

IL-1 P. Following incubation, the filters were washed and dried. Each 
filter was punched out of the filter plate and the radioactivity was 
counted. 

Aworadiograph.v 
Mapping of r12SI-IL-1 J3 binding was carried out on serial coronal 

sections of rat and mouse pituitary gland and through the rat brain 
from bregma -2.3 mm to -5.3 mm according to the rat brain atlas 
coordinates [34]. Frozen sections (20 µm) were obtained using a Rei
chert-Jung cryostat (Frigocut 2800) and stored at -20°C until use. 
The slide-mounted sections were dried and preincubated for 15 min 
at room temperature in PBS (0.1 M) pH 7.4 followed by incubation 
in RPMI 1640 containing I% BSA and 0.2 nM r12SI-IL-IJ3 at room 
temperature for 2 h. Nonspccific binding was performed in the pres-
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ence of 100 n,t/ rlL-113. Saturation experiments were performed on 
pituitary gland slices with increasing concentrations of r125I-IL-113 
(60 pM to 2.7 nM) and the nonspccific binding was determined in 
the presence of 100 nM rlL-lj\. Competition experiments in rat and 
mouse pituitary glands were performed in the presence of 0.2 ru\4 
r1Hl-IL-113 and a range of 0.01 pM-1 µ.�/in concentrations of unla
beled rlL-113. hlL-113. hlL-1 a and hlL-1 ra. Following incubation. the 
slices were washed 5 times 5 min in PBS (0.1 M) buffer at 4 •c and 
dried. 

Quantitative Image Anal.vsis 
High-Resolution Radio-lmager. Saturation experiment was quan

tified with a prototype of a high-resolution radioimage (HRRI) (pro
totype IPN. Orsay. France) [35-37], since the radioimager provides a 
linear dose response over a large range of radioactivity. On the con
trary. radiosensitive films exhibit a saturation for high concentra
tions of radioactive ligand. The radiolabelcd slices were overlaid with 
a thin scintillator sheet. and signals were detected generating a I 00 
times higher ellicicncy than conventional image analyzing systems. 
HRRI permits. in real-time acquisition. a sensitive quantitative anal
ysis of specific radioactivity bound to the tissue in a linear dosc
rcsponse scale. The results arc expressed in moles per pixel 
(X 10·21). 

Autoradiography. Slices from mapping and competition experi
ments were exposed to Amersham JH-Hyperfilm for 14-21 days. 
Autoradiograms were quantified by computerized densitometry of 
the relative grain density using an image analyzer (RAG 200. Bio
com. Les Ulis. France). as previously described (24]. Standardization 
was achieved using polymer [125(]-microscalc (batch No. 5, Amcrs
ham). The results are expressed in femtomoles of radiolabeled ligand 
bound per milligram of protein. 

Data Analysis 

Dissociation constant CK.!). inhibition constant (K;). inhibitory 
concentration 50% (ICso) and maximal binding (Bmaxl were calcu
lated using a curve fitting program (GraphPad Program. Harvey 
Motulsky. San Diego, Calif.. USA). 

Results 

Rat t25J./L-l f3 Binding Characterization on EL-4 
Membranes 
Competition with various concentrations of unlabeled 

rlL-IP or hlL-lP (fig. l )  displayed Ki values of0.57 and
0.25 nM, respectively. Analysis of the saturation charac
teristics of IL-1-binding sites on EL-4 membranes re
vealed a� of 2.5 nM (data not shown). 

Mapping of r115 J-/L-J /3 Binding in Rat Hypothalamus 
and Pituitary Gland 
Autoradiograms of rat brain sections revealed specific 

binding sites for r125I-IL-l p localized on walls of the third 
ventricle (fig. 2A), on the choroid plexus (fig. 28), and on 
the meninges (fig. 2C). High densities of binding sites 
were observed in the anterior and posterior pituitary 

100 
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Fig. 1. Competition of human and rat IL-113 with rat 12s1.1L-113
binding to EL-4 cell membranes. 

(fig. 3A), but no binding was detected in the pars interme
dia or in the hypothalamic area. 

This binding can be totally inhibited by unlabeled rlL-
113 ( 100 nM) (fig. 2A', B', C', 3A'), but not by recombinant
human IL-2 (data not shown). 

Pharmacological Characterization of r125 J-I L-1 f3
Binding Sites in the Rat Anterior and Posterior 
Pituitary Gland 
Saturation experiments (fig. 4) revealed similar affini

ties Kd in anterior and posterior pituitary (I and 0. 9 n.M,
respectively). When calculated for the entire pituitary tis
sue, maximal binding could be approximated around 5.6 
fmol/anterior pituitary (72 ·I o-21 moll pixel x 1,301.5
pixels x 60 sections/pituitary gland) and 0.25 fmol/poste
rior pituitary (52· 10-21 mol/pixel x 188.5 pixels x 25 
sections/pituitary gland). 

Competition experiments were performed using unla
beled rlL-IP, hlL-la. hlL-113 and hIL-lra. The K; values 
are summarized in table I. Competition of rlL-113 
(fig. SA) displayed a single high-affinity binding site in the 
anterior and posterior pituitary with similar K; values 
(0.08 and 0.22 ru\t/, respectively). In contrast, competition 
with hlL-113 (fig. 6A) displayed two binding affinities in 
both the anterior and posterior pituitary, one with a high
affinity (K; = 0.23 and 0.37 pM, respectively) and one 
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BINDING NON-SPECIFIC 

A 

Fig. 2. Autoradiograms of rat l2SJ-IL-1 �binding in the rat hypothalamus. ( x 6.6). A, B, C Total binding obtained 
by incubation with 0.2 nM rat l2SJ.JL-1 � showing binding sites in (A: bregma: -2.3 mm) on the walls of the third 
ventricle (arrow) (8: brcgma: -4.3 mm) on the choroid plexus (arrows) (note: on this slice the epithelial wall of the 
third ventricle has been tirred during slicing). and (C: bregma: -5.3 mm) on the meninges (arrows). A', B', C' Nonspc
cific binding was obtained by addition of an excess of rat IL-1 � (I 00 nM). 

RAT 

B 
MOUSE -

��c:, . : � \,: ·"'·"': 

Fig. 3. Autoradiograms of rat l2SJ.IL-1 �binding in the rat ( x 6.6) 
and mouse ( x 10.3) pituitary gland. A, B Total binding obtained by 
incubation with 0.2 nM r12s1.1L-1 �. A'. B' Nonspccific binding was 
obtained by addition of excess rl L-1 � (I 00 n:\,n. 

Fig. 4. Saturation curves of specific r12SJ.JL-I� binding to rat 
anterior and posterior pituitary. Specific radioactive binding is given 
in mol/pixcl ( x I0-21) and was obtained by computerized image 
analysis obtained with HRRI. Each point is the mean of global 
radioactivity measured on 2 sections (the mean area per section was 
1.301.5 and 188.5 pixels for anterior and posterior pituitary. respec
tively). 
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Table 1. K; obtained by competition of rat m1-IL-IP binding 
with rat IL-IP. human IL-1 p, human IL-la and human IL-1 receptor 
antagonist in the rat anterior and posterior pituitary 

Anterior pituitary Posterior pituitary 

Rat IL-IP 0.8 rLH 0.22nM 
Human IL-IP 0.23pM 0.37 pA./ 

0.7nM 0.87 nM 

Human IL-lra 98nM 12nM 

Human IL-la <100 n..\-1 <IOOnA/ 

with a low-affinity site (K; = 0. 70 and 0.87 nM, respec
tively). 

Competition with hIL-la was not detectable (fig. 6A) 

in spite of the high concentration of IL-1 a used (1-100 
nM), whereas hIL-1 ra compete with r1251-IL- l J3 binding 
(fig. 6B) with low affinities (K; = 98 and 12 nM in anterior 
and posterior pituitary). 

Mapping and Specif ofr125!-IL-lf3 Binding in 
Mouse Pituitary Gland 
Under the same experimental conditions, r12SJ-IL-1P 

binding was achieved on mouse pituitary gland sections 
(fig. 3B). The presence of specific binding is evident in the 
anterior pituitary but undetectable in the posterior pitu
itary. As previously described (24-26), no binding was 
detected in the hypothalamus (data not shown) under 
these experimental conditions. 

Competition of rlL-1 p showed a single IL- I binding 
site in the mouse anterior pituitary with an apparent 
affinity of 12.5 pM (IC so value) (fig. 5B). 

Discussion 

The detection and pharmacological characterization of 
IL-1 binding sites in the rat pituitary and brain has been 
obtained using rat IL-113 radiolabeled ligand. This ligand 
binds to murine EL-4 cell membranes, known to possess a 
single class of high-affinity binding sites characterized as 
type I IL-1 receptors (38]. Saturation and competition 
experiments on this cell line provided Kd and K; values in 
the same order of magnitude as those described for type I 
hlL-1 P receptors [38-40]. Similarly, in mouse pituitary, 
r125J-IL-l p binding revealed localization and binding 
characteristics identical to those reported for h 1251-11.r 1 a 

and h 1251-IL-1 p (26, 41 ]. Hence, these results indicate that 
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Fig. 5. Competition of0.2 nM r1251-IL-I P by rlL-1 P in rat anteri· 
or and posterior pituitary (A) and in mouse anterior pituitary (8). 
Specific radioactive binding is given in fmol/mg protein and was 
obtained by computerized image analysis of the autoradiographic 
images. Data represent the mean ± SO of 6 or 8 determinations in 
the anterior and posterior pituitary, respectively. Error bars not 
shown arc contained within the symhol. 

r125J-IL-Ip  is a useful ligand for the detection of lL-1 bind
ing sites. 

In rat hypothalamus no binding sites can be detected in 
the nervous tissue under our experimental conditions. 
However, direct effects of IL-1 have been described in the 
hypothalamus, such as secretions of catecholamines (42] 
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and CRH (9. 43, 44]. It is worth noting that this discrep
ancy has also been found by others using either the same 
method [ 41 ]. or in situ hybridization detection of IL-1 
receptor type I mRNA (45]. Using IL-1 receptor type I 
mRNA probes, Yabuuchi et al. (45) did not visualize any 
specific signal in the hypothalamic paraventricular nuclei. 
However, endothelial cells provide a signal in this region 
(45). In mouse brain similar results had been also de
scribed (24-27). This lack of IL-1 receptor detection is 
in discordance with IL-1 biological activity on hypopthal
amic neurohormone release. Several hypotheses could 
explain this lack of coherence: ( I )  hypothalamic sites of 
IL-1 action difTer from the common IL-1 receptors type I 
already described [3] involving a new type of receptor not 
detected by this ligand; (2) only a low level of IL-1 recep
tors with a very high affinity might be necessary for induc
ing C'RF response (44], and then not detected by our cur
rent technqiue; (3) the presence of lL-1 binding sites in the 
epithelial cells of the walls of the third ventricle and chor
oid plexus might be a possible primary target for IL-1 
action which could be followed by secondary signals 
thereafter (TNF. IL-6, PGE2). This last hypothesis is sup
ported by the detection of IL-1 receptor mRNA in the epi
thelial cells as well as in the endothelial cells in these struc
tures (45], and the characterization of a functional IL-1 
receptor type I on these cells in the rat brain [Van Dam, 
pers. commun.]. Thus, a general idea emerges that IL-1 

(Human IL·IJ}) M (Human IL·ta) M 

would bind to receptors in epithelial and endothelial cells. 
inducing secondary mediators and activation of CRH 
neurons and HPA axis. 

The rat anterior and posterior pituitary displayed a 
specific high-affinity binding site using r1251-IL- l p as 
ligand. while binding sites are detectable in the mouse 
anterior pituitary only, using rat or human IL-1 (24, 26]. 
These results support the existence of species-specific dif
ferences in IL-1 R types [ 41]. The affinity of the binding 
site for rl L-1 p in the rat pituitary tissues is in accordance 
with those reported for type I IL-1 receptors expressed on 
pituitary AtT-20 cell line [ 46], on mouse anterior pituitary 
(24-26). on fibroblasts (47), and on immunocompetent 
cells [ 48, 49]. However, hlL-1 a do not compete with rt25J_

IL-IP binding. Thus, these binding sites do not seem to 
meet the requirement for a classification as type I or 
type 11 as defined by hIL-1 binding [ 48). This can be com
pared to the IL-1 binding to soluble IL-1 R (IL-1 Rs): the 
protein binds IL-1 p but not IL-la, and IL-1 ra (50) fails to 
inhibit IL-IP binding to IL-IRs (51). It is worth noting 
that in our study hlL-1 P reveals two affinities sites in the 
rat pituitary: one high affinity (subpicomolar) and one 
low affinity (nanomolar). Such a heterogeneity for IL-1 
binding has been also previously described in cell lines 
[ 4 7-49]. Therefore, several hypotheses are feasible: ( I )  the 
binding sites for hJL-1 P concern one receptor with two 
states of affinity; (2) two distinct receptors bind hlL-1 P 
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with difTerent affinities and rlL-1 P with one class of affin
ity; (3) one receptor displays two affinities according to its 
association in a homo- or heterocomplex with another 
protein [52]. Alternatively, in the mouse pituitary, mRNA 
coding for type I and type II IL-1 receptors has been 
detected [53] whereas binding studies detected only one 
type of receptors using hlL-1 as ligand (24-26, 53]. Thus, 
the nature of the high- and the low-affinity binding site 
remains to be elucidated. 

It is interesting to note that, in spite of hlL-1 P binding 
to rat ll.rl receptors and the induction of biological 
response, the radiolabeled hll.rlP is not a good ligand for 
receptors visualization in the rat (pers. results]. 

The presence of ll.r I binding sites in the rat anterior 
pituitary is related to ll.r I modulation of various hor
mone release (ACTH, GH, LH, TSH and PRL)[8, 10-15) 
and pituitary activity during infection and stress in ro
dents [7]. In vivo characterization of the cellular type of 
IL-1 binding strictly depends on the animal species and 
the typeoflL-1 (aorp) used. Up to now, only one result in 
mice indicates that this binding site is likely to be local
ized on mouse somatotroph cells (54]. In rat posterior 
pituitary, ll.rl receptors could be related to the direct 
effect of I L-1 p on A VP and OXY release during immune 
or inflammatory reactions [ 16, 17, 5 5]. Since the concen
tration of IL-1 for half-maximal release of vasopressin is 
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in the range of Ki for the low affinity site (in 0.1-1 nM 
range), this binding site is probably involved in the con
trol of vasopressin release (I OJ. 

In conclusion, in the rat, Il.r I binding sites have been 
demonstrated in the anterior and posterior pituitary, the 
epithelium of choroid plexus and the walls of the third 
ventricle and in the meninges. The lack of receptors in the 
rat hypothalamus is in discordance with the biological 
activity of l l.rl but is in agreement with previous results 
in rat and in mouse studies. Therefore, the initial target 
for Il.r I stimulation of the hypothalamo-pituitary axis 
remains to be clarified in the rat as well as in the mouse. 
Results obtained in the rat pituitary indicate a direct IL-1 
control on pituitary functions. Demonstration of two IL-1 
binding sites which cannot be strictly identified with 
type I and II IL-1 receptors suggests the existence of sever
al I L-1 receptor subtypes. 

Acknowledgments 

This work was supported by a grant from the Direction de la 
Recherche et des Etudes Techniques (C. Marqucne) and from the 
Graduate School Neuroscience; of Amsterdam (A.-M. Van Dam). 
The authors thank Dr. E. Kawashima (Glaco. Geneva. Switzerland) 
for his kind donation of recombinant r at IL-11}. 

Plara-Salaman CR: lmmunoregulators in the 
nervous system. Neurosci Bchav Rev 1991:15: 
185-215. 

2 Dunn AJ: Interleukin-I as a stimulator of hor
mone secretion. Prog Neuro Endocrin lmmu· 
nol I 990;3:26-34. 

7 R1vier C, Chiu.onite R. Vale W: In !he mouse. 
the activation of the hypothalamic pituitary
adrenal axis by a lipopolysaccharide (endotox· 
in) is mediated through interleukin-I. Endocri· 
nology 1989; 126:2800-2805. 

12 Keh1er P. Tumill D. Dayer J-M. Muller AF. 
Gaillard RC: Human recombinant interleukin· 
I� and a. but not recombinant tumor necrosis 
factor. stimulates ACTH release from rat ante· 
rior pituitary cell in vitro in a prostaglandin E1 
and 'AMP independent manner. Neuro�ndo
crinclogy 1988:48: 160-166. 3 Rothwell N: Functions and mechanisms of in

terleukin· I in brain. Trends Phannacol Sci 
1991: 12:430-436. 

4 Bcrkenbosch F. de Rijk R. Del Rey A. Bese· 
dovsky H: Neuroendocrinology of interleukin· 
I: in Porter JC. Jenva D (eds): Circulating and 
Regulatory Factors and Neurocndocrine Func
tion. New York. Plenum Press, 1990. pp 303-
314. 

5 Sapolsky R. Rivier C. Yamamoto G. Plot sky P. 
Vale W: Interleukin-I stimulates the hypotha· 
Jamie conicotropin-releasing factor. Science 
1987:238:522-524. 

6 Berkenbosch F. Van OersJ. Del Rey A. Tilders 
F. Besedovsky H: Corticotropin releasing fac
tor producing neurons in the rat activated by 
interleukin· I .  Science 1987:238:524-526. 

8 Wolosky B. Smith EM. Meyer IWJ, Fuller GM. 
Blalock JE: Conicotropin-relcasing activity of 
monokines. Science 1985:230: I 035-I037. 

9 Kakuscka I. Qi Y. Clark BO. Leehan RM: 
Endotoxin-induced conicotropin releasing hor· 
mone gene expression in the hypothalamic 
paraventricular nucleus is mediated centrally 
by interleukin-I. Endocrinology 1993; 133: 
815-821. 

10 Bemton EW. Beach JE, Holaday JW, Small· 
ridge RC. Fein HG: Release of multiple hor· 
mones by a direct action of interleukin-I on 
pituitary cells. Science 1987:238:519-521. 

11 Rettori V, Jurcovicova J, McCann SM: Central 
action of interleukin-I in altering the release of 
TSH. growth hormone and prolactin in the rat 
male. J Neurosci 1987; 18: 179-183. 

Marquette et al. 

13 Rivest S. Torres G. Rivier C: Differential effect 
of central and peripheral injection of interleu· 
kin· I� on brain c-fos expression and neurocn
docrme functions. Drain Res 1992:587: 13-23. 

14 Rivest S. R1v1er C: Interleukin-I� inhibits the 
endogenous expression of the early gene c-fos 
located within the nucleus of LH-RH neurons 
and interferes with hypothalamic LH-RH re
lease during procstrus in the rat. Brain Res 
1993:613: 132-142. 

15 Schota.nus K, Tildcrs F. Brekenbosch F: Hu· 
man recombinant interleukin· I receptor antag
onist prevents adrenoconicotropin. but not in
terlcukin-6 responses to bacterial endotoxin m 
rats. Endocrinology 1993; 133:2461-2468. 

Interleukin-I Receptor in Rat Pituitary 

7



16 Christensen JO. Hansen EW, Fjalland B: Inter· 
lcukin-11} stimulates the release of vasoprcssin 
from rat ncurohypophysis. Eur J Pharmacol 
1989: 171 :233-235. 

17 Naito Y. Fukata J, Shindo K. Ebisui 0, Mura
kami N. Tominaga T, Nakai Y. Mori K. Kast· 
ing NW. lmura H: Effects of interleukins on 
plasma arginine vasopressin and oxytocin lev
els in conscious. freely moving rats. 13iochem 
Biophys Res Commun 1991;174:1189-1195. 

18 KJugcr MJ: Fever: Role of pyrogens and cryo
gens. Physiol Re,· 1991:71:93-127. 

19 Oka T, Aou S. Hori T: lntracerebroventricular 
injection of interleukin-II} induces hyperalgc
sia in rats. Brain Res 1993:624:61-68. 

20 Chance WT. Fischer JE: Aphagic and adipsic
effects of interleukin- I. Brain Res 1991 :568: 
261-264. 

21 Opp MR. Obal F Jr. Krueger JM: Interleukin-I 
alters rat sleep: Temporal and dose-rcleated 
effects. Am J Physiol 1991 :260:R52-R58. 

22 Kent S. Kelley K. Dantzer R: Effects of lipo
polysaccharide on food-motivated behavior in 
the rat are not blocked by interleukin-I recep
tor antagonist. Neurosci Leu 1992: 145:83-86. 

23 Sundar SK. Becker KJ, Cierpial MA. Carpenter 
MD. Rankin LA. Fleener SL, Ritchie JC, Sim
son PE. Weiss JM: lntracerebroventricular in
fusion of interleukin I rariictly clecrea�s pe
ripheral cellular immune responses. Proc Natl 
Acad Sci USA I 989;86:6398-6402. 

24 Haour F. Ban E, Milon G. Baran D. Fillion G: 
Brain interleukin I receptors: Characterization 
and modulation after lipopolysaccharid( injcc· 
tion. Prog NeuroEndocrinlmmunol 1990:3: 
196-204. 

25 Takao T, Tracey DE. Mitchell WM, Desouza 
EB: Interleukin-I receptors in mouse brain· 
characterization and neuronal localization. En
docrinology 1990: 127:3070-3078. 

26 Ban E. Milon G. Prudhomme N, Fillion G, 
Haour F: Receptors for interleukin-I (a and I}) 
in mouse brain: Mapping and neuronal local
ization in hippocampus. Neuroscience 1991: 
43:21-30. 

27 Cunningham ET. Wada E. Caner DB. Tracey 
DE. Battey JF. De Souza EB: In silu histochem· 
ical localization of type I interleukin-I receptor 
messenger RNA in the central ner\'OUS system, 
pituitary. and adrenal gland of the mouse. J 
Neurosci 1992:12:1101-1114. 

28 Takao T, Culp SG, Newton RC. De Souza EB: 
Type I interleukin-I receptors in the mouse 
brain-endocrine-immune axis labelcd with 
[1211] recombinant human interleukin- I re
ceptor antagonist. J Neuroimmunol 1992:41: 
51-60. 

29 Reinisch N. Wolkersdorfcr M. Kalher CM. Ye 
K. DinarelloCA. Wiedermann CJ: Interleukin· 
I receptor type I mRNA in mouse brain as 
affected by peripheral administration of bacte
rial lipopolysaccharide. Ncurosci Leu 1994; 
166: 165-16 7. 

30 Farrar WL. Kilian PL. Ruff MR. Hill JM, Pen 
CB: Visualization and characterization of in
terleukin I receptors in brain. J Jmmunol 1987: 
139:459-463. 

31 Katsuura G. Gouschall PE. Arimura A: ldenti· 
fication of high-affinity receptor for interleu
kin· I beta in rat brain. Biochem Biophys Res 
Commun 1988:156:61-67. 

32 De Rijk R. Berkenbosch F: De\'clopmcnt and 
application of radioimmunoassay to detect in
terleukin-I in rat peripheral circulation. Am J 
Physiol 1992:263: 1092-1098. 

33 Berkenbosch F. Van Rooijen N, Tilders FJH: 
Determining role and sources of endogenous 
interleukin-I in pituitary-adrenal activation in 
response to stressful and inflammatory stimuli: 
in De Souza E(ed): Neurobiology ofCytokines. 
Methods in Neurosciences. San Diego. Aca
demic Press. 1992, pp 211-231. 

34 Paxinos G. Watson C: The Rat Brain in Stereo
taxic Coordinates. New York. Academic Press. 
1982. 

3� Charon Y. lllniece P. Rcnclali M. Gaillarcl JM. 
Leblanc M. Mastrippolito R. Tricoire H. Va· 
lentin L: A self triggered intensified CCD 
(STIC). Nucl lnstrum Methods 1991:A292: 
179-186. 

36 Lanii:ce P, Charon Y. Dumas S, Mastrippolito 
R. Pinot L. Tricoire H. Valentin L: HRRI: A 
high radioimager for fast direct quantification 
in in situ hybridization experiments. Biotech· 
niques 1994:17:338-345. 

37 Crumeyrolle-Arias M. Latouche J, Laniece P, 
Charon Y, Tricoire H. Valentin L. Roux P, 
Mirambeau G, Leblanc P, Fillion G, Haour F: 
In situ characterization of GnRH receptors: 
Use for two radioimagers and comparison with 
quantitative autoradiography. J Receptor Res 
1994; 14:251-265. 

38 Kilian PL. KafTha KL. Stern AS. Woehle D, 
Benjamin WR. Dechiara TM. Gubler U. Far· 
rar JJ. Mizcl SB. Lomedico PT: Interleukin Ju 
and interleukin IP bind to the same receptor on 
T cells. J lmmunol 1986: 136. 

39 Scapigliati G, Ghira P. Banalini M. Tagliabue 
A. Boraschi D: Differential binding of IL-lal
pha and IL-1 beta to receptors on B and T cells. 
FEBS Lett 1989:243:394-398. 

40 Schotanus K. Holtkamp GM, Meloen RH. 
Pujik WC. Berkenbosch F. Tilders FJH: Do
mains of rat interleukin· Ip involved in type I 
receptor binding. Endocrinology 1995; 136: 
332-339. 

41 Takao T, Newton RC. De Souza EB: Species 
differences in (llSl]intcrleukin-1 binding in 
brain. endocrine and immune tissues. Brain 
Res 1993:623:172-176. 

42 Mohankumar PS. Thyagarajan S. Quadri SK: 
Interleukin-I stimulates the release of dopa
mine and hydroxyphcnylacctic acid from the 
hypcthalamus in vivo. Life Sci 1990:48:925-
930. 

43 Spincdi E. Hadid R. Dane"a T. Gaillard RC: 
Cytokincs stimulate the CRH but not the vaso
pres�in neuronal system: Evidence for a me
dian eminence site of interleukin-6 action. 
Neurocndocrinology 1992:56:46-53. 

44 Lysons K. McCann SM: Alpha-melanocyte· 
stimulating hormone abolishes IL·I· and IL-6· 
indu�ed conicotropin-releasing factor release 
from the hypothalamus in vitro. Neurocndocri· 
nology 1993;58:191-195. 

45 Yabuuehi K. Minami M. Katsumata S. Satoh 
M: Locali1.ation of type I interleukin-I receptor 
mRNA in the rat brain. Mol Brain Res 1994: 
27:27-36. 

46 De Souza EB. Webster EL. Grigoriadis DE. 
Tracey DE: Conicotropin-relcasing-factor 
(CRF) and interleukin· I (IL-1) receptors in the 
brain-pituitary-immune axis. Psychopharma
col Bull I 989;25:299-305. 

47 Dower S, Urdal D: The interleukin-I receptor. 
lmmunol Today I 987;8:46-51. 

48 Dinarcllo CA. Clark DB. Puren AJ, Savage N. 
Roscff PM: The interleukin I receptor. lmmu· 
nol Tcwfay I 9R9: 10:49-S I 

49 Lowenthal JW. MacDonald HR: Binding and 
internalization of interleukin I by T cells: Di
rect evidence for high- and low-affinity classes 
of in;erleukin I receptor. J Exp Med 1986: 164: 
I 060-.!074. 

50 Grar.owitz EV. Clark BD. Mancilla J. Dina
rello CA: Interleukin-I receptor antagonist 
competitively inhibits the binding of interleu
kin-I 10 the type II interleukin-I receptor. J 
Biol Chem 1991:266:14147-14150. 

51 Symons JA. Eastgate JA. Duff GW: Purifica
tion of a no\'el soluble receptor for interleukin 
l.J ExpMed 1991;174:1251-1254. 

52 Cronkhite RI. Lobick JJ, Plate J: Heterogeneity 
of type II interleukin· I receptors. Human Im· 
munol 1993:36:128-136. 

53 Pamet P, Brunke DL, Goujon E. Demotes 
Mainard J, Biragyn A. Arkins S, Dantzer R. 
Kelley KW: Molecular identification of two 
types of interleukin-I receptors in the murine 
pituitary gland. J Neuroendocrinol 1993;5: 
213-219. 

54 Fren:h R. Wu C, Chizzonitc R. Dantzer R. 
Pa met P. Kelley KW. Zachary J: Murine soma
totrophs e�press the p80 type I IL-1 receptor 
(abstract). J Neuroimmunol 1994:54: 172. 

55 Chover-Gonzalez Al. Light man SL. Harbuz 
MS: An in\'estigation of the effects of interleu· 
kin-IP on plasma argininc "asopressin in the 
rat: Role of adrenal steroids. J Endocrinol 
1994; 142:361-366. 

8


