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Abstract

The effect of intracisternal astressin, a specific and potent corticotropin-releasing factor (CRF); and CRF, receptor antagonist on carbon
tetrachloride (CCly)-induced acute liver injury was investigated in rats. Intracisternal astressin inhibited the elevation of serum alanine
aminotransferase level induced by CCly. Intracisternal astressin also reduced CCly-induced liver histological changes. The protective effect of
central astressin on CCly-induced liver damage was abolished by sympathectomy but not by hepatic branch vagotomy. These findings
demonstrate that astressin acts in the central nervous system to induce hepatic cytoprotection, possibly through the sympathetic pathways in
rats. These results further establish a role of endogenous CRF in the brain in hepatic pathophysiological regulation.

© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Corticotropin-releasing factor (CRF), a neuropeptide, is
known to act in the brain as a neurotransmitter to regulate
physiological and pathophysiological functions through the
autonomic nervous system. The effects of central CRF on
physiological, pathophysiological and pharmacological reg-
ulation of the gastrointestinal tract have been reported
(Martinez et al., 1997; Taché et al., 1987, 1993). With
regard to the hepatobiliary system, we have recently found
that CRF acts in the brain to control hepatic physiological
functions and modulate experimental liver injury in animal
models (Tamori et al., 1998, 1999; Yokohama et al., 1999,
2001; Yoneda et al., 1995, 1997a,b, 2001). In particular,
intracisternal injection of CRF aggravates carbon tetrachlor-
ide (CCly)-induced acute liver injury (Yokohama et al.,
1999).
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To date, the development of CRF receptor antagonists
has played an important role in the field of CRF research on
the potential involvement of CRF receptors in stress (Radu-
lovic et al., 1999). The most commonly used peptic CRF
receptor antagonists are a-helical CRF-(9—41) and astres-
sin, which were derived from a truncated and structurally
constrained form of human/rat CRF. Astressin and a-helical
CRF-(9-41) bind to both CRF, and CRF, receptors. How-
ever, in vitro, astressin was found to be 100 times more
potent than a-helical CRF-(9—-41) to inhibit adrenocortico-
tropic hormone secretion (Gulyas et al., 1995). Additionally,
a-helical CRF-(9—41) acts as a partial agonist at the human
CRF; receptor with an intrinsic activity of 33% of the value
achieved with human/rat CRF (Smart et al., 1999), whereas
astressin exhibits only weak agonistic potency (Miranda et
al., 1997). We have recently shown that intracisternal
administration of a-helical CRF-(9—41) protects against
CCly-induced acute liver injury (Nakade et al., 2002).

In this study, the effect of astressin, a specific and potent
CRF, and CRF, receptor antagonist on CCly-induced acute
liver injury was investigated in rats to confirm the regulatory
role of brain endogenous CRF of the brain in experimental
liver injury.
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2. Materials and methods

The following substances were used: a CRF receptor an-
tagonist, astressin (Sigma, St. Louis, MO), a-helical CRF-
(9—41) (Sigma), carbon tetrachloride (CCly, Wako Pure
Chemical Industries, Osaka, Japan), and phenol (Wako).
Male Wistar rats weighing 200—240 g (Charles River Japan,
Yokohama, Japan) were housed in group cages under con-
ditions of controlled temperature (22—24 °C) and illumina-
tion (12-h light cycle starting at 06:00) for at least 7 days be-
fore experiments. After a 24-h fast, the rats were anesthetized
with ether and mounted on ear bars of a stereotaxic apparatus
(Kopf model 900, David Kopf Instruments, Tujunga, CA),
and injected with astressin (0.1, 0.25, 0.5, 1, or 3 ug) or saline
vehicle intracisternally (10 pl) or intravenously (1 ml/kg
weight) both immediately before and 6 h after CCl, admin-
istration. The time schedule for astressin injection was
determined according to our previous study (Nakade et al.,
2002). CCl, was mixed with an equal volume of olive oil and
injected subcutaneously in a volume of 2 ml/kg. The rats were
kept in individual cages and given free access to water and
food, and blood samples were obtained from the jugular vein
24 h after CCl, administration. Serum alanine aminotransfer-
ase was determined with commercially available kits (Wako).
Liver tissue was removed from the median lobe 24 h after
CCl; administration and fixed in 10% formalin solution.
These specimens were stained with hematoxylin and eosin.
Ten fields at X 75 magnification per slide were evaluated
“blind” under a light microscope. Percentage degeneration
and necrotic areas surrounded by fatty degeneration were
measured with a computerized image analyzer. To exclude
the inhibitory effect of intracisternal injection of astressin on
food intake, the rats were pair-fed with vehicle-treated rats.
To compare the antagonistic potency of astressin to a-helical
CRF-(9-41), a-helical CRF-(9-41) (0.1, 0.25, 0.5, 1, or 3
ug) was intracisternally injected instead of astressin.

Either hepatic plexus denervation or vehicle treatment
was performed under pentobarbital anesthesia 7 days before
the peptide injection. Denervation of the hepatic plexus
(anterior plexus and posterior plexus) was achieved rapidly
(<20 min) with phenol (85%) applied to the region where
the hepatic artery and the portal vein run in close apposition
(Lautt, 1983). Either hepatic branch vagotomy or sham
operation was performed under pentobarbital anesthesia 72
h before the peptide injection.

Protocols describing the use of rats were approved by the
Animal Care Committee of Asahikawa Medical College,
and were in accordance with the National Institute of Health
“Guide for the Care and Use of Laboratory Animals”.

All results were expressed as mean + S.E. Comparison of
two independent groups was done using the Mann—Whitney
U-test. The values between before and after CCl; were
compared using a paired Student’s #-test. Multiple group
comparison were performed by analysis of variance
(ANOVA) followed by Fisher’s least significant difference
test. A Pvalue <0.05 was considered statistically significant.

3. Results

Twenty-four hours after administration of CCly (2 ml/kg)
the serum alanine aminotransferase level was significantly
elevated from 6 £ 1 to 330 £ 21 TU/1 (P<0.01). Intracis-
ternal administration of astressin (0.1—1 pg) dose-depend-
ently inhibited the CCly-induced elevation of serum alanine
aminotransferase (Fig. 1A). The effect of intracisternal
astressin on the CCl-induced elevation of the serum alanine
aminotransferase level was more potent than that of «-
helical CRF-(9-41) (Fig. 1B). Histological studies showed
that intracisternal astressin (1 pg) injection decreased the
necrotic areas surrounded by fatty degeneration (mean +
S.E., %: saline 55 % 1; astressin 32 +2: n=5, P<0.01).
Intravenous injection of astressin (1 pg) did not influence
the CCly-induced elevation of serum alanine aminotransfer-
ase level (mean *+ S.E., IU/I: saline 330 £ 22; astressin
340 £ 26). Denervation of the hepatic plexus with 85%
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Fig. 1. The effect of intracisternal astressin and a-helical CRF-(9—41)
on CCly-induced elevation of serum alanine aminotransferase level
(mean *+ S.E.). Saline, astressin or a-helical CRF-(9-41) (0.1, 0.25, 0.5, 1,
or 3 pg) was injected intracisternally just before and 6 h after CCly (2 ml/
kg) administration. Blood samples were obtained 24 h after CCly
administration. Each column represents the mean + S.E. *P<0.05,
**P<0.01 compared with saline injection group.
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Fig. 2. Effect of hepatic plexus denervation (A), and hepatic branch
vagotomy (B) on intracisternal astressin-induced inhibition of elevation of
serum alanine aminotransferase level by CCly. Hepatic plexus denervation
and hepatic branch vagotomy was performed 72 h before CCly (2 ml/kg)
administration. Saline or astressin (0.1, 0.25, 0.5, 1, or 3 pg) was injected
intracisternally just before and 6 h after CCly (2 ml/kg) administration. Each
column represents the mean + S.E. **P<0.01 compared with respective
control group.

phenol itself partially inhibited the elevation of serum
alanine aminotransferase level 24 h after CCl, administra-
tion (53% inhibition), but the serum alanine aminotransfer-
ase level was still abnormally high in rats with these
pretreatments (Fig. 2). Intracisternal injection of astressin
did not induce any improvement of the elevated serum
alanine aminotransferase level. On the other hand, hepatic
branch vagotomy did not influence the protective effect of
intracisternal injection of astressin (1 pg) on CCly-induced
elevation of serum alanine aminotransferase level (Fig. 2).

4. Discussion

In the present study, we demonstrated that, in conscious
rats, intracisternal injection of astressin partially inhibited
CCly-induced acute liver injury assessed by measurement of
serum alanine aminotransferase level and by liver histology.

The reduction of the CCly-induced serum alanine amino-
transferase level increase by intracisternal astressin was
dose-related with doses ranging from 0.1 to 1 pg. Similarly,
intracisternal astressin also reduced histological changes
such as centrilobular necrosis and fatty degeneration. In
contrast, when injected intravenously at a dose that was
maximally effective when given intracisternally, astressin
did not influence the CCly-induced liver injury. These
results indicate that astressin injected into the cisterna
magna acts in the central nervous system to induce hepatic
cytoprotection against CCl, and not through leakage into the
peripheral circulation.

The pathways through which central administration of
astressin inhibited CCly-induced acute liver injury were
investigated in this study. Treatment of the hepatic plexus
with phenol is known to predominantly denervate the hepatic
sympathetic nerve and this chemical sympathectomy itself
incompletely inhibited the CCly-induced elevation of the
serum alanine aminotransferase level in the present study,
indicating that sympathetic nerve tone may play a role in
aggravating CCly-induced acute liver injury. Although
chemical sympathectomy lessened CCl,-induced liver injury
by about 50%, as assessed from the serum alanine amino-
transferase level, this serum level 24 h after CCly in rats with
this pretreatment was still abnormally high compared with
that after vehicle treatment. However, intracisternal admin-
istration of astressin did not induce any improvement of the
elevated serum alanine aminotransferase level in these rats,
indicating that the potency of the central astressin action was
equivalent to sympathectomy. These findings suggest a
possible mediation through the sympathetic nervous systems
for the action of central astressin.

CRF is known to act in the brain as a neurotransmitter to
regulate physiological and pathophysiological functions
through the autonomic nervous system (Taché et al., 1993).
To date, two generations of CRF analogues with antago-
nistic activity have been described, a-helical CRF-(9-41),
and D-PHE CRF(12—-41) (Gulyas et al., 1995; Hernandez et
al., 1993). However, they display some limitations due to
their poor solubility and persistence of intrinsic activity
(Fisher et al., 1991; Gulyas et al., 1995). Astressin is a
newly developed CRF receptor antagonist which has low
intrinsic activity and high affinity to both CRF; and CRF,
receptor subtypes (Gulyas et al., 1995; Perrin et al., 1995).
An in vitro study showed that astressin is 100 times more
potent than a-helical CRF-(9—41) to inhibit adrenocortico-
tropic hormone secretion (Gulyas et al., 1995). In the
present study, astressin injected intracisternally exerted a
more potent protective effect than did a-helical CRF-(9—
41) at each dose (0.1-3 pg).

We have previously demonstrated that a CRF, receptor-
selective agonist, urocortin, acts in the brain to aggravate
acute liver injury through the sympathetic nervous system
(Yokohama et al., 2001). Several specific receptor antago-
nists for CRF; and CRF, have been discovered and it would
be of interest to investigate their receptor specificity, but
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these antagonist cannot be injected intracisternally because
of their poor solubility in saline (Higelin et al., 2001;
Okuyama et al., 1999).

The pathophysiological effect of stressors on the liver has
been reported. Some stressors exacerbate liver injury (Iwai
et al., 1986), and increase CRF mRNA expression in the
central nervous system (Kalin et al., 1994). In this study, we
have investigated the role of endogenous CRF in hepatic
pathophysiological regulation using a CRF receptor antag-
onist, astressin, and demonstrated that astressin acts in the
central nervous system and lessens CCly-induced acute liver
injury. These findings establish the pathophysiological role
of endogenous CRF in the brain in experimental liver injury.
Since the sick condition induced by CCly liver injury itself
can be a stress for animals and may stimulate brain CRF
synthesis, resulting in sympathetic activation, it would be of
interest to investigate CRF mRNA expression in the brain
after CCl,; administration.

In summary, the present study indicated that astressin
injected intracisternally acts in the brain to induce hepatic
cytoprotection against experimental liver injury, possibly
through sympathetic pathways. These findings provide
further evidence for a role of endogenous neuropeptides in
the central nervous system in hepatic pathophysiological
regulation. It would also be of interest to confirm the role of
endogenous CRF in the brain in liver injury in other exper-
imental models, such as ischemia-reperfusion liver injury
and partial hepatectomy.

Acknowledgements

This work was supported in part by a Grant-in-Aid for
Scientific Research from Japan Society for the Promotion of
Science (No. 12670512) and a grant from the Smoking
Research Foundation.

References

Fisher, L., Rivier, C., Rivier, J., Brown, M., 1991. Differential antagonist
activity of alpha-helical corticotropin-releasing factor 9—41 in three
bioassay systems. Endocrinology 129, 1312—1316.

Gulyas, J., Rivier, C., Perrin, M., Koerber, S.C., Sutton, S., Corrigan, A.,
Lahrichi, S.L., Craig, A.G., Vale, W., Rivier, J., 1995. Potent, structur-
ally constrained agonists and competitive antagonists of corticotropin-
releasing factor. Proc. Natl. Acad. Sci. U. S. A. 92, 10575-10579.

Hernandez, J.F., Kornreich, W., Rivier, C., Miranda, A., Yamamoto, G.,
Andrews, J., Taché, Y., Vale, W., Rivier, J., 1993. Synthesis and relative
potencies of new constrained CRF antagonists. J. Med. Chem. 36,
2860-2867.

Higelin, J., Py-Lang, G., Paternoster, C., Ellis, G.J., Patel, A., Dautzenberg,
F.M., 2001. '*’I-Antisauvagine-30: a novel and specific high-affinity
radioligand for the characterization of corticotropin-releasing factor
type 2 receptors. Neuropharmacology 40, 114—122.

Iwai, M., Hell, N.S., Shimazu, T., 1986. Effect of ventromedial hypothala-

mic stimulation on blood flow of brown adipose tissue in rats. Pflugers
Arch. 410, 44—-47.

Kalin, N.H., Takahashi, L.K., Chen, F.L., 1994. Restraint stress increases
corticotropin-releasing hormone mRNA content in the amygdala and
paraventricular nucleus. Brain Res. 656, 182—186.

Lautt, W.W., 1983. Afferent and efferent neural roles in liver function.
Prog. Neurobiol. 21, 323—-348.

Martinez, V., Rivier, J., Wang, L., Taché, Y., 1997. Central injection of a
new corticotropin-releasing factor (CRF) antagonist, astressin, blocks
CRF- and stress-related alterations of gastric and colonic motor func-
tion. J. Pharmacol. Exp. Ther. 280, 754—760.

Miranda, A., Lahrichi, S.L., Gulyas, J., Koerber, S.C., Craig, A.G., Corri-
gan, A., Rivier, C., Vale, W., Rivier, J., 1997. Constrained corticotropin-
releasing factor antagonists with i-(i+3) Glu—Lys bridges. J. Med.
Chem. 40, 3651-3658.

Nakade, Y., Yoneda, M., Nakamura, K., Makino, I., Terano, A., 2002.
Involvement of endogenous corticotropin-releasing factor in carbon
tetrachloride-induced acute liver injury in rats. Am. J. Physiol. 282,
R1782-R1788.

Okuyama, S., Chaki, S., Kawashima, N., Suzuki, Y., Ogawa, S., Nakazato,
A., Kumagai, T., Okubo, T., Tomisawa, K., 1999. Receptor binding,
behavioral, and electrophysiological profiles of nonpeptide corticotro-
pin-releasing factor subtype 1 receptor antagonists CRA1000 and
CRA1001. J. Pharmacol. Exp. Ther. 289, 926—935.

Perrin, M., Donaldson, C., Chen, R., Blount, A., Berggren, T., Bilezikjian,
L., Sawchenko, P., Vale, W., 1995. Identification of a second cortico-
tropin-releasing factor receptor gene and characterization of a cDNA
expressed in heart. Proc. Natl. Acad. Sci. U. S. A. 92, 2969-2973.

Radulovic, J., Ruhmann, A., Liepold, T., Spiess, J., 1999. Modulation of
learning and anxiety by corticotropin-releasing factor (CRF) and stress:
differential roles of CRF receptors 1 and 2. J. Neurosci. 19, 5016—5025.

Smart, D., Coppell, A., Rossant, C., Hall, M., McKnight, A.T., 1999.
Characterization using microphysiometry of CRF receptor pharmacol-
ogy. Eur. J. Pharmacol. 379, 229-235.

Taché, Y., Maeda-Hagiwara, M., Turkelson, C.M., 1987. Central nervous
system action of corticotropin-releasing factor to inhibit gastric empty-
ing in rats. Am. J. Physiol. 253, G241-G245.

Taché, Y., Monnikes, H., Bonaz, B., Rivier, J., 1993. Role of CRF in stress-
related alterations of gastric and colonic motor function. Ann. N.Y.
Acad. Sci. 697, 233—-243.

Tamori, K., Yoneda, M., Nakamura, K., Makino, 1., 1998. Effect of intra-
cisternal thyrotropin-releasing hormone on hepatic blood flow in rats.
Am. J. Physiol. 274, G277-G282.

Tamori, K., Yoneda, M., Yokohama, S., Sato, Y., Nakamura, K., Kono, T.,
Makino, 1., Terano, A., 1999. Role of calcitonin gene-related peptide
and capsaicin-sensitive afferents in central thyrotropin-releasing hor-
mone-induced hepatic hyperemia. Eur. J. Pharmacol. 380, 31-35.

Yokohama, S., Yoneda, M., Nakamura, K., Makino, 1., 1999. Effect of
central corticotropin-releasing factor on carbon tetrachloride-induced
acute liver injury in rats. Am. J. Physiol. 276, G622—G628.

Yokohama, S., Yoneda, M., Watanobe, H., Kono, T., Nakamura, K., Maki-
no, 1., Terano, A., 2001. Effect of central urocortin on carbon tetrachlor-
ide-induced acute liver injury in rats. Neurosci. Lett. 313, 149—152.

Yoneda, M., Tamasawa, N., Takebe, K., Tamori, K., Yokohama, S., Sato,
Y., Nakamura, K., Makino, L., Taché, Y., 1995. Central neuropeptide Y
enhances bile secretion through vagal and muscarinic but not nitric
oxide pathways in rats. Peptides 16, 727—732.

Yoneda, M., Tamori, K., Sato, Y., Yokohama, S., Nakamura, K., Makino, I.,
1997a. Central thyrotropin-releasing hormone stimulates hepatic DNA
synthesis in rats. Hepatology 26, 1203—1208.

Yoneda, M., Yokohama, S., Tamori, K., Sato, Y., Nakamura, K., Makino, 1.,
1997b. Neuropeptide Y in the dorsal vagal complex stimulates bicarbon-
ate-dependent bile secretion in rats. Gastroenterology 112, 1673—1680.

Yoneda, M., Watanobe, H., Terano, A., 2001. Central regulation of hepatic
function by neuropeptides. J. Gastroenterol. 36, 361—367.



	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

