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Abstract 

Interleukin (IL) -6, a cytokine for host defense responses to infection and 
imflammation, is known to be induced by non -invasive physical or psychologi
cal stress, too. To test possible involvement of brain IL-l in the stress-induced 
IL-6 production, IL-l mRNA expression in the hypothalamus, in parallel 
with blood IL-6 level, was examined in rats subjected to restriction of their 
movement (immobilization stress) . When rats were immobilized, the hypo
thalamic IL-l ~ mRNA level was increased in 1 hr, followed by progressive 
rises in the serum IL-6 level. The immobilization -induced rise in serum IL-6 
was mimicked by intracerebroventricular (icv) administration of IL-l ~ under 
normal conditions, whereas it was attenuated by icv injection of an IL-l recep
tor antagonist. These results indicate that IL-l in the hypothalamus plays a 
pivotal mediating role in the stress-induced peripheral IL-6 production. 
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Introduction 

Interleukin (IL) -6 is one of the pivotal cy
tokines for host defense responses to infection 

and inflammation. It is known that non
invasive stress also increases peripheral IL-6 
production, independently of endotoxemia, 
tissue damage and inflammation. For exam
ple, when animals were subjected to restric
tion of their movement (immobilization 
stress), the blood IL-6 level rises in 1 hr, fol
lowing increased expression of IL-6 mRNA in 
the liver .and spleen (6). Takaki et al. 

(14, 15) reported that the stress-induced 
blood IL-6 response is attenuated by either 
partial hepatectomy or surgical severing of 
the hepatic sympathetic nerves, but not by 
splenectomy. Since IL-6 mRNA expression is 
also elevated by catecholamines in primary 
cultured hapatocytes ( 9 ), the stress-induced 
blood IL-6 response would be largely due to 
sympatho-adrenomedullarly mediated activa
tion ofIL-6 synthesis in the liver. 

In parallel with peripheral IL-6, produc
tion and release of IL-1 in the hypothalamus 
is also increased after immobilization stress 

(11, 13). Moreover, intracerebroventricular 
(icv) administration of minute amounts of IL 

-1 is known to activate the sympathetic nerv-
ous system and to induce peripheral IL-6 

(7,8,16). These previous results collec-
tively suggest the involvement of hypotha
lamic IL-1 in the stress-induced periperal IL-
6 responses. To test this idea, in the present 
study, we examined 1) IL-l mRNA expres
sion in the hypothalamus, in parallel with 
blood IL- 6 level, in response to immobiliza
tion stress in rats, and 2) the effects of icv 
injection of IL-1 receptor antagonist (IL-l 
Ra) on the blood IL-6 response. 

Materials and Methods 

Experimental animals 

Male Wistar rats (9-10 weeks old) were 
housed in plastic cages at 24 ± 1 °C with a 12-
hr light-dark cycle (lights on at 7 am) and 
given free access to laboratory chow and 

water. Some rats were anesthetized by sodium 
pentobarbital (45 mg/kg, ip), and were stereo
taxically implanted with a stainless steel can
nula unilaterally into the left cerebral ventri
cle (0.9 mm posterior to the bregma, 1.7 mm 
lateral from the midline, 3. 3 mm below the 
dura), according to the stereotaxic coordi
nates adopted from the brain atlas of Pelle
grino et al. (12). Mter a recovery period of 
10-14 days, they were used for experiments. 
The experimental procedure and care of ani
mals were in accordance with the guidelines 
of the Animal Care and Use Committee of 
Hokkaido University. 

Cytokines 
Human recommbinant IL-~ (2 xI07U/mg 

protein) was kindly provided by Dr. Y. Hirai 
(Otsuka Pharmaceutical, Tokushima, Ja

pan) . IL-IRa was purchased from Pepro 
Tech EC (London, UK). Heat inactivated IL 
-IRa was prepared by heating IL-1Ra at 
100

0e for 2 hr. These were diluted with steril
ized 20mM phosphate-buffered saline (PBS) 
and injected into the cerebroventricle at a vol
ume of5 Ill. 

Immobilization stress and icu injection 
Immobilization of rats was performed by 

restraining them in the supine position by 
taping their limbs and trunk to a board. Mter 
immobilization for 0,1,2 and 4 hr, rats were 
decapitated and blood was collected. Whole 
brain was also taken and the hypothalamus 
was isolated according to the method of Glo
minski et al. (3). In another series of ex
periment' rats were given an icv injection of 
200 ng human recombinant IL-I~, instead of 

immobilization, and decapitated as described 
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above. Some rats were given an icv injection 
of 1 Jlg IL-1Ra 15 min before immobilization. 

Assay of serum 1L- 6 

The concentration of serum IL- 6 was 
measured using an IL-6-dependent cell line 
MH60. BSF 2 (a gift from Dr. T. Matsuda, 
Osaka University, Suita, Japan) as described 
previously (10). The minimum concentra

tion of serum IL-6 assayed by this method was 
2 x10-2 Vlml (4 pg/ml) . 

RT-PCR and Southern blot analysis of 1L-1 

mRNA 

Total RNA was extracted from hypotha
lamic tissue samples by the guanidine isothio
cyanate method using TRIzol solution (Gibco 
BRL, Gaithersburg, MD, VSA). IL-1 ~ 
mRNA was assayed by the combination of re
verse transcription (RT) -polymerase chain re
action (PCR) and Sourthern blotting. Briefly, 

total RNA (1 ~g) was denatured at 70°C for 
10 min, cooled immediately on ice, and then 
reverse-transcribed using 10 Ulml of Moloney 
murine leukemia virus reverse transcriptase 

(Gibco) ,100 pM poly (dT) primer and 20 JlM 

dNTPs in a total volume of 10 ml at 37°C for 1 
hr. After heating at 95°C for 5 min, PCR am
plification of the RT product (1 Jll) was per
formed with 25 Vlml Taq DNA polymerase 

(Perkin Elmer, Norwalk, CN, USA), 20 JlM 
dNTPs, 1. 5 mM MgCl2and O. 5 JlM primers for 
rat IL-1~ in a total volume of 50 Jll. The for
ward and reverse primers used were 5 ' -
TTGTTATGGGTTTCTTCTTCTACCT- 3 ' and 
5 ' -GAAGAAGTTCTACTTCCTTTTCTT- 3 ' , 

respectively. PCR was conducted for .33 cyles 
consisting of denaturation at 94°C for 30 sec, 
annealing at 58°C for 30 sec, and DNA exten

sion at 72°C for 30 sec. The PCR product was 
electrophoresed on a 2 % agarose gel, stained 
with ethidium bromide, and then transferred 
to a nylon membrane (Amersham, Bucking-

hamshire, UK). A cDNA probe correspond
ing to nucleotides to + 378 bp of the pub
lished cDNA sequence of rat IL-1~ was syn
thesized by RT-PCR using total RNA ex
tracted from rat spleen, and labelled with [a_3~ 
pJ dCTP using a multiprime DNA labeling kit 

(Amersham) . The membrane was hybrid-
ized to the labelled probe at 65°C for 20 hr in 
the presence ofO. 2 mglml salmon sperm DNA 

(Sigma, St. Louis, MO, USA). After wash-
ing the membrane, the radioactivity present 
on the membrane was measured with a bio
image analyzer (BAS1000, Fuji Film, Tokyo, 
Japan), and depicted on X-ray films. mRNA 
of glyceraldehyde 3-phosphate dehydrogenase 

(G3PDH) was also analyzed by RT-PCR and 
Sourthern blotting as described previously 

( 9 ). 

Data analysis 

Data were expressed as means ± SEM. 

Statistical comparison was made by analysis 
of variance, followed by Scheffe's F test. 

Results 

Blood 1L- 6 responses to immobilization and 

icu injection of 1L- 1 

The IL-6 level in the blood is known to be 
elevated not only during inflammation, but 
also during non-invasive stress such as immo
bilization and open field tasks (5,6,14). We 
have reported that intracranial administra
tion of IL-1 also induced peripheral IL-6 pro
duction (7,8). To compare the IL-6 responses 

to non-invasive stress and central IL-1, first, 
we examined the time-course of blood IL-6 re
sponses to immobilization stress and icv injec
tion ofIL-1~ in rats. As shown in Fig. 1, the se
rum IL-6 level was 0.61 ± O. 11 Ulml in un

treated control rats ( 0 hr), but after immobi
lization it increased rapidly to reach a peak of 
5. 14 ± 2. 11 Vlml at 2 hr, and returned to a 
lower level in 4 hr. A quite similar time-
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dependent response was found when a minute 
amount (200 ng/rat) ofIL-l~ was injected into 
the cerebral ve.ntricle: that is, a transient in
crease of serum IL-6 at 2 hr and a decrease at 
4 hr. Thus, the immobilization-induced IL-6 
response was mimicked by icv injection of IL

l. 

Hypothalamic lL-1 response to immobiliza
tion 

The protein and mRNA levels of IL-l 
were reported to increase in the hypothala
mus of immobilized rats (11, 13). To confirm 
these previous results, we examined hypotha-
1amic IL-l~ mRNA expression in the same 

rats used in Fig. I. In preliminary experi
ments, we tried to assay IL-l~ mRNA by the 
conventional Northern blot analysis, but 
failed to detect any signal in our samples, 
probably due to low expression levels in the 
hypothalamus. Therefore, we assayed it by 
combination ofRT-PCR and Southern blotting. 
For qunatitative estimation of IL-1~ mRNA, 
the appropriate number of cycles (33 cycles) 
and the amount of total RNA in the samples 
were determined to confirm the linearity of 
the RT-PCR assay. In addition, G3PDH mRNA 
was also analyzed by RT-PCR and Southern 
blotting, and the level of IL-l~ mRNA was ex
pressed relative to that of G3PDH mRNA. As 
shown in Fig. 2, the IL-IP mRNA level in the 
hypothalamus increased rapidly after immo
bilization, reached a peak at 1 hr and re
turned to lower levels at 2 hr and thereafter. 

Effects of icu injection of lL-1 Ra 
To clarify the possible mediating role of 

brain IL-1 in immobilization-induced periph
eral IL-6 production, rats were given icv injec
tion ofIL-lRa, and 15 min later they were im
mobilized for 2 hr. As shown in Fig. 3, in rats 
injected with heat-inactivated IL-IRa immo
bilization rose the serum IL-6 level to almost 
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Fig.l. Blood IL-6 responses to immobiliza
tion and icv injection ofIL-l. 
Rats were immobilized (A) or given icv injec

tion of 200 ng IL-lp (B), and serum IL-6Iev
els were measured at 0,1,2, and 4 hr. Values 
are means ± SEM for 4 -7 rats. *P<O. 05 vs. 
the O-hr value. 

the same level as those seen in intact rats (see 
Fig. 1). However, in rats injected with IL-l 
Ra the IL-6 response was reduced by 69 % . 
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Fig. 2. Hypothalamic IL-l~ mRNA re
sponses to immobilization. 
The IL-l~ mRNA levels were normalized to 
those of G3PDH, and expressed relative to 
the O-hr value. Values are means ± SEM for 
3 rats. *p<O. 05 vs. the 0 -hr value. 

o 2 hr 

PBS IL·1 Ra HI·IL·1 Ra icy injection 

Fig. 3. Effects of icv injection of IL-IRa on 
the immobilization-induced blood IL-6 re
sponse. 
Rats were given icv injection (1Ilgirat) of in
tact or heat-inactivated IL-IRa (HI-IL-IRa), 
and 15 min later they were immobilized for 2 
hr. Values are means ± SEM for 3 - 5 rats. 

Thus, the peripheral IL- 6 response to immo
bilization was much attenuated by blocking 
the actions of brain IL-l. 

Discussion 

In the present study, we showed that 
when rats were subjected to immobilization 
stress, the hypothalamic IL-l mRNA level 
was increased rapidly, followed by substantial 
rises in the serum IL- 6 level. The 
immobilization-induced rise in serum IL-6 
was mimicked by icv administration of IL-l, 
whereas it was attenuated by icv injection of 
an IL-l receptor antagonist. 

There have been reports that icv injection 
of minute amounts of IL-l produces a rise in 
the blood IL-6level (2, 7) . Being consistent 
with these previous findings, we demon
strated that the serum IL-6 response to icv in
jection of IL-l follows a quite similar time
course to those to immobilization, showing a 
rapid rise at 1 - 2 hr and a subsequent decline. 
Moreover, it is known that both responses of 
serum IL-6 are largely based on the same pe
ripheral mechanism, namely, the sympatho
adrenomedullarly mediated activation of IL-6 
synthesis in the liver (7, 14). These facts col
lectively suggest that the factors and/or 
mechanisms in the brain are similar in the IL 
-6 responses to these two challenges. One of 
the simplest idea may be that IL-l in the 
brain is involved in the immobilization
induced IL-6 response. This seems to be sup
ported by the present finding that the IL-l 
mRNA level in the hypothalamus was in
creased after immobilization, but just prior to 
the rise in the serum IL-6 level. More direct 
evidence for the above idea was obtained from 
the findings that the immobilization-induced 
IL-6 response was much attenuated when the 
actions of central IL-l was blocked by icv in
jection of IL-IRa. The inhibitory effect of IL-l 
Ra administrated into the hypothlamus was 
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also documented on the adrenocortical activa
tion and intrahypothalamic norepinephrine 
release induced by immobilization (13). 
Thus, IL-1 in the hypothalamus is likely to 

play a critical mediating role in the various 
responses to non-invasive stress, including 
the adrenocortical and sympatho
adrenomedullar activation. 

The origin and action site of IL-1 in the 
hypothalamus are not well identified, but 
there have been many reports that glial cells 
can induce IL-l synthesis in response to vari
ous physiological and pathological stimuli 

(13). In addition, IL-1 is expressed in 
brain neurons under nonstimulated condi
tions. IL-l immunoreactive nerve fibers are 
located in several hypothalamic areas, such as 
the ventromedial hypothalamic nucleus, the 
posterior hypothalamus and the region of the 
hypophysial vessels of the median eminence 

( 1 ) . There has also been evidence for the 
existence of IL-l receptor in the hypotalamus. 
For example, Hammond et al. (4) demon

strated the type 1 IL-1 transcript and the pro
tein are expressed in astrocytes of the human 
hypothalamus. All these findigs imply the 
role of brain IL-1 as a neurotransmitter/ 
neuromodulator, although not yet been estab
lished, under both inflammatory and non
inflammatory stress conditions. 

Acknowledgments 

This work was supported by a Grant-in
aid of the Recombinant Cytokine Project (RCP 
-2001-4230) from the Ministry of Agriculture, 
Forestry and Fisheries, Japan. 

References 

1) Breder, C. D., Dinarello, C. A. , and Saper, 
C. B. 1988. Interleukin-l immunoreactive 
innervation of the human hypothalamus. 
Science, 240 : 321-324. 

2) De Simoni, M.G., Sironi, M., De Luigi, A., 

Manfridi, A., Mantovani, A., and Ghezzi, 
P.1990.Intracerebroventricular injection 
of interleukin 1 induces high circulating 
levels of inter leu kin 6. J.Exp. Med., 171 : 

1773-1778. 
3) Glowinski, J., and Iversen, L. L.1966. Re

gional studies of catecholamines in the 
rat brain. I. The disposition of [3HJ nore
pinephrine, [3HJ dopamine and [3HJ dopa 
in various regions of the brain. J. Neuro
chern. " 655-669. 

4) Hammond, E. A., Smart, D., Toulmond, S., 
Suman-Chauhan, N., Hughes, J., and 
Hall, M. D.l999. The interleukin-1 type I 
receptor is expressed in human hypo
thalamus. Brain, 122 : 1697-1707. 

5) LeMay, L.G., Vander, A.J., and Kluger, M. 
J. 1990. The effects of psychological stress 
on plasma interleukin-6 activity in rats. 
Physiol. Behav. ,47 : 957-961. 

6) Kitamura, H., Konno, A., Morimatsu, M., 
Jung, B. D., Kimura, K., and Saito, 
M.1997. Immobilization stress increases 

hepatic IL-6 expression in mice. Biochem. 
Biophys. Res. Commun. ,238 : 707-711. 

7) Kitamura, H., Okamoto, S., Shimamoto, 
Y., Morimatsu, M., Terao, A., and Saito, 
M.1998. Central IL-1 differentially regu
lates peripheral IL-6 and TNF synthesis. 
Cell. Mol. Life Sci. ,54 : 282-287. 

8) Kitamura, H., Okamoto, S., Shimamoto, 
Y., Morimatsu, M., Terao, A., and Saito, 
M.1998. Peripheral IL-6 and TNF expres
sion induced by brain IL-1 : new aspect of 
the acute phase response in liver. In: 
Liver Innervation and the Neural Control 
of Hepatic Function, pp213-219. Shimazu, 
T. ed., John Libbey, London. 

9) Jung, B. D., Kimura, K., Kitamura, H., 
Makondo, K., Okita, K., Kawasaki, M., 
and Saito, M.2000. Norepinephrine stimu
lates interleukin-6 mRNA expression in 
primary cultured rathepatocytes. J. Bio-



Ikuyo Ishikawa et al. 25 

chem. , 127 : 205-209. 
10) Matsuda T, Hirano T, Kishimoto T. 1988. 

Establishment of an interleukin 6 (IL 
6 ) IB cell stimulatory factor 2-dependent 
cell line and preparation of anti-IL 6 
monoclonal antibodies. Eur. J. Immu
nolo 18 : 951-956. 

11) Minami, M., Kuraishi, Y., Yamaguchi, T., 
Nakai, S., Hirai, Y., and Satoh, M. 1991. 
Immobilization stress induces 
interleukin-l beta mRNA in the rat hypo
thalamus. Neurosci. Lett., 123 : 254-256. 

12) Pellegrino, L. J., Pellegrino, A. S., and 
Cushman, A. J.1979.A Stereotaxic Atlas 
of the Rat Brain., Plenum, New York. 

13) Shintani, F., Nakaki, T., Kanba, S., Kato, 
R., and Asai, M. 1995. Role of interleukin-
1 in stress responses. A putative neuro
transmitter., Mol. Neurobiol., 10 : 47-71. 

14) Takaki,A., Huang, Q. H., Somogyvari-Vigh, 
A., and Arimura, A. 1994. Immobilization 
stress may increase plasma interleukin-
6 via central and peripheral catechol a
mines.Neuroimmunomodulation, 1 : 335-
342. 

15) Takaki, A., Huang, Q. H., and Arimura, 
A . 1996. Is immobilization-induced 
plasma IL-6 elevation regulated by he
patic inervation? In: Liver Innervation 
and the Neural Control of Hepatic Func
tion, pp221-226. Shimazu, T. ed., John Lib
bey, London. 

16) Terao, A., Oikawa, M., and Saito, M. 1994. 
Tissue-specific increase in norepineph
rine turnover by central interleukin-l, 
but not by interleukin-6, in rats. Am. J. 
Physiol. ,266 : R400-R404. 


