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ABSTRACT To investigate the effects of environment on tissue norepinephrine (tNE) levels
of fish, we examined tNE concentrations in the adult chum salmon (Oncorhynchus keta) from
fresh water (FW) and from sea water (SW). Plasma norepinephrine (pNE) and tNE of 15 organs,
including the gill, heart, liver, aorta, spleen, stomach, jejunum, colon, brain stem, cerebrum,
muscle, bone, sexual organ and kidney (head and body), were determined in river and sea salmon
by high performance pressure liquid chromatography with electrochemical detection. tNE con-
centrations of all organs except the gill of sea salmon were significantly lower in comparison
with those in river salmon. The pNE concentration was higher in sea salmon than in river salmon
of male but not female. In river salmon, tNE concentrations of 12 organs of females were higher
than those of male, whereas in sea salmon, there was no significant difference in tNE concentra-
tions of all organs except the liver between male and female. Plasma osmolality and sodium
concentration were higher in sea salmon than in river salmon. These results indicate that tNE
concentrations in most organs of salmon in a SW environment are significantly decreased com-
pared with those in a FW environment, and that tNE concentrations are higher in female salmon
than in male salmon in a FW environment but not in a SW environment. J. Exp. Zool. 284:107–
111, 1999. © 1999 Wiley-Liss, Inc.

Norepinephrine (NE) is an important circulating
hormone. It extensively takes part in respiratory
and cardiovascular regulation, blood oxygen trans-
portation, and energy metabolism. In mammals, the
physiological importance of NE is well-established.
In response to stress, NE is released from the sym-
pathetic nerve terminals to act locally in the inner-
vated tissue, and NE is also secreted from the
adrenal gland to act as a circulating hormone at its
target organs. In fish, circulating NE is mainly re-
leased from chromaffin cells in head kidney and
from sympathetic nerve endings (Abrahamsson and
Nilsson, ’76). The chum salmon (Oncorhynchus keta)
are born in fresh water (FW), grow up in sea water
(SW) and return to FW for reproduction. Numer-
ous physiological adaptations occur in the salmon
with the alteration of its environment (Hirano et
al., ’90). The hormonal changes during the adapta-
tions, such as a cortisol (Nichols and Weisbart, ’85),

growth hormone (Prunet et al., ’94), and renin-an-
giotensin system (Brown et al., ’80), have been re-
ported. Little is known, however, about pNE and
tNE responses during the adaptations.

In the present study, we measured plasma NE
(pNE) and tissue NE (tNE) concentrations of 15 or-
gans in sea and river chum salmon, and examined
the effects of gender difference on tNE concentra-
tions in order to characterize tNE levels during ad-
aptations to the alteration of environment.
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METHODS
Fish

Adult chum salmon (Oncorhynchus keta) of both
sexes, 2–3 years old and weighing 3–4 kg, were used
in this experiment. The salmon are born in the river.
Young salmon swim to the Pacific Ocean where they
live for 2–3 years, and then mature salmon return
back to the river for reproduction. On the way to
the river, they stop over in the estuary. River salmon
were captured with net fishing from the Shibetsu
River of Hokkaido, Japan, in January. Sea salmon
were captured with drift-net fishing from the
Nemuro Straits of the Okhotsk Sea in October. The
captured fish were immediately put into a water
tank bubbling with air (1000 liters FW or SW). The
FW or SW was obtained from the sea or the river
where the fish were captured. The fish were de-
capitated in ice within 3 hours after they were cap-
tured. A midthoraco-abdominal incision was made
and the thoraco-abdominal cavity was exposed. Blood
sample was obtained from the heart. Fifteen organs,
including the gill, heart, liver, aorta, spleen, stom-
ach, jejunum, colon, brain stem, cerebrum, muscle,
bone, sexual organ, and kidney (head and body), were
removed. All tissue samples were frozen in liquid
nitrogen and stored in –20°C until assay.

Measurements of tNE, pNE, plasma sodium
concentration and osmolality

The tissue samples were homogenized (Phys-
cotron, Niti-On, Chiba, Japan) in a proportion of
0.5 g tissue to 4 mL of cold saline containing 3
mmol/litre EDTA. Some tissue samples (the bone,
muscle, aorta, gill, stomach, jejunum, colon) were
repeatedly homogenized until the tissues were com-
pletely broken. The homogenates were centrifuged
at 15,000g for 30 min. A blood sample was centri-
fuged at 2,000g for 10 min. The supernatant was
deproteinized by 0.1 mol/liter HCIO4. All procedures
described above were performed at 4°C. The pNE
and tNE concentrations were determined by high-
performance liquid chromatography with an elec-
trochemical detector (Catecholamine Analyzer
HPLC-725CA, TOSOH, Kanagawa, Japan).

Plasma sodium concentration was measured by
a flame photometer (Model 750, Hitachi, Tokyo).
Plasma osmolality was measured by freezing-point
depression (FISKE OSTM Osmometer, FISKE As-
sociates, Inc., Burlington, MA).

Statistical analysis
All data are expressed as mean ± SEM. Statis-

tical comparisons were performed using the

Wilcoxon rank test. P values < 0.05 were regarded
as statistically significant.

RESULTS
tNE and pNE concentrations in river

and sea salmon
In river male salmon, the kidney NE concen-

tration was the highest among all organs (head
kidney: 4454 ± 1267 ng/g tissue; body kidney: 7752
± 2540 ng/g tissue). The stomach (1096 ± 225 ng/
g tissue), jejunum (886 ± 143 ng/g tissue), colon
(680 ± 130 ng/g tissue), spleen (308 ± 209 ng/g
tissue), cerebrum (400 ± 132 ng/g tissue) and brain
stem (441 ± 160 ng/g tissue) contained higher tNE
concentrations, whereas the liver (7.6 ± 2.5 ng/g
tissue), gill (14.3 ± 8.5 ng/g tissue), sexual organ
(11.8 ± 3.8 ng/g tissue) contained lower tNE con-
centrations. tNE concentrations in the bone (63 ±
25 ng/g tissue), aorta (40 ± 6 ng/g tissue), heart
(73 ± 13 ng/g tissue) and muscle (73 ± 28 ng/g
tissue) were very low. Male sea and river salmon
showed uniform variations of the tNE concentra-
tions. However, tNE concentrations of all organs
except the gill were significantly lower in sea male
salmon than in river male salmon (Fig. 1). pNE
concentration was higher in sea salmon than in
river salmon of male (29.9 ± 9.4 ng/mL versus 9.3
± 1.6 ng/mL) but not of female (28.7 ± 6.8 ng/mL
vs. 18.6 ± 6.1 ng/mL, Fig. 4).

Gender differences in tNE concentrations
in river and sea salmon

In a FW environment, tNE concentrations in
most organs (12 of 15) of female salmon, includ-

Fig. 1. Tissue norepinephrine (tNE) concentrations of 15
organs in the sea (n = 13) and river (n = 10) male salmon.
Data point indicates mean ± SEM. #P < 0.05 versus corre-
sponding river salmon.
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ing the head kidney, stomach, jejunum, colon, ce-
rebrum, brain stem, muscle, heart, bone, sexual
organ and gill, were significantly higher than
those in male salmon (Fig. 2). The differences in
tNE between female and male salmon were more
obvious in the head kidney (13,470 ± 3097 vs. 4454
± 1627 ng/g tissue), jejunum (2187 ± 293 vs. 886
± 143 ng/g tissue) and aorta (353 ± 83 vs. 40 ± 6
ng/g tissue).

On the other hand, in a SW environment, only
the liver contained significantly higher tNE con-
centration in female salmon than in male salmon
(Fig. 3).

Plasma osmolality and plasma
sodium concentration

Plasma osmolality and sodium concentration are
significantly higher in sea salmon than in river
salmon, regardless of sex (Fig. 4). However, there
was no significant difference in plasma osmolal-
ity and plasma sodium concentration between fe-
male and male salmon in the same environment
(Fig. 4).

DISCUSSION
The present study first reported tNE levels in

15 organs of salmon in the sea and river. Our re-
sults demonstrate: (1) tNE concentration varied
largely among organs, with the highest in the kid-
ney, then, digestive organs, neural organs, heart,
muscle, aorta, and the lowest in the gill; (2) tNE
concentrations of 14 organs, including the heart,
liver, aorta, spleen, stomach, jejunum, colon, brain
stem, cerebrum, muscle, bone, sexual organ and

Fig. 2. Tissue norepinephrine (tNE) concentrations of 15
organs in male (n = 10) and female (n = 8) river salmon.
Data point indicates mean ± SEM. #P < 0.05 versus corre-
sponding male salmon.

Fig. 3. Tissue norepinephrine (tNE) concentrations of 15
organs in the male (n = 13) and female (n = 13) sea salmon.
Data point indicates mean ± SEM. #P < 0.05 versus corre-
sponding male salmon.

kidney (head and body), in sea salmon were sig-
nificantly lower than those in river salmon; (3)
pNE concentration, plasma osmolality and plasma
sodium concentration are significantly higher in
sea salmon than in river salmon; and (4) in a FW
environment, tNE concentrations of 12 organs in
female salmon were higher than those in male
salmon, whereas in a SW environment, only the
liver showed higher tNE concentration in female
salmon than in male salmon. We will discuss be-
low the possible mechanisms of those phenomenon
and their physiological meanings.

NE is stress hormone that is released in response
to a variety of environmental stress (Chrousos and
Gold, ’92). Acute stress can alter plasma (Mesa, ’94)
and tissue (Floysand et al., ’91, ’92) NE levels in
Atlantic salmon. Thus, there is a possibility that
the difference in pNE and tNE between river
salmon and sea salmon is caused by the stress of
capture and confinement prior to experiment. How-
ever, it may not be the case, since we have carried
out the equivalent procedure during capture and
transportation of the fish in both groups. Chronic
stress exposed to environmental conditions of
salmon in SW and FW is very different (Wendelaar-
Bonga, ’97), which may contribute to the difference
in pNE and tNE. Although many differences, such
as ion composition, osmolality, water temperature,
flow, reproductive state, feeding opportunities are
present between SW and FW environment, high so-
dium environment in SW is likely to be one of im-
portant factors which contributed to decreasing tNE
concentrations in the salmon, based on following
reasons. Plasma osmolality and sodium concentra-
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et al., ’89; Kotchen et al., ’91). Salmon is a poiki-
lotherm, and its circulatory organs are more
simple compared with those of mammals. In fish,
sympathetic inhibition mediated by baroreflex
may be absent in response to stress due to defect
of a baroreflex apparatus. Therefore, high salt en-
vironment in SW may reduce tNE through releas-
ing more NE from sympathetic nerve endings due
to defect of baroreflex inhibition in sea salmon.
The hypothesis that ionic disturbance alter NE
uptake has been postulated (Rho and Hough, ’84;
Hano et al., ’89). Our results showed that plasma
sodium concentration and osmolality were signifi-
cantly higher in sea salmon than in river salmon.
The ionic disturbance and/or sodium retention
may alter the intraneuronal ionic balance (Rho
and Hough, ’84) which may reduce NE uptake in
sea salmon. Therefore, high sodium environment
in SW may decrease tNE concentrations by in-
creasing NE release and/or reducing NE uptake
in the sympathetic nerve endings in sea salmon.

Migration from SW to FW environment is ac-
companied by dramatic physiological adaptations
(Hirano et al., ’90), i.e., active branchial ion up-
take, active conservation of ions, and enhanced
renal excretion of water (Nichols and Weisbart,
’85). The alterations of many hormones are also
involved in these physiological adaptations, such
as elevation of plasma cortisol (Nichols and
Weisbart, ’85) and growth hormone (Prunet et al.,
’94) concentrations. These hormones act to change
activities of osmoregulatory organs to keep the fish
in salt and water balance (Nichols and Weisbart,
’85; Prunet et al., ’94). However, there are fewer
evidences showing that NE takes part in ion
transport in fish. The physiological meanings of
extensive reduction of tNE concentrations in SW
environment need to further investigate.

The present study shows that most of the organs
of female river salmon contained higher tNE con-
centrations than those of male river salmon. This
gender difference is similar to the report of Howes
et al. (’86) that the heart in female spontaneously
hypertensive rats (SHR) and Wistar Kyoto rats
(WKY) contained higher tNE concentration than
that of male SHR and WKY. Our results showed
that tNE concentrations of 12 organs in female
salmon were higher than those in male salmon in
a FW environment, whereas in a SW environment,
only the liver showed a higher tNE concentration
in female salmon than in male salmon. The gender
difference of tNE in river salmon remains unclear.
Estrogen (John et al., ’77) and progesterone (Kuk-
harchuk et al., ’85) have been reported to cause so-

Fig. 4. Plasma norepinephrine concentration (A), plasma
osmolality (B) and plasma sodium concentration (C) in the
sea and river salmon. Data point indicates mean ± SEM. Data
were obtained from 6 to 12 salmon. #P < 0.05 versus corre-
sponding river salmon.

tion were significantly higher in sea salmon than
in river salmon (Fig. 4). Some studies (Hirano et
al., ’90; Prunet et al., ’94) have indicated that the
dramatic physiological alterations in salmon for ad-
aptation to a SW environment occur in order to keep
plasma osmolality and ionic balance. In addition,
many studies have shown that high sodium intake
decreases tNE concentrations in several animal
models (De Champlain et al., ’69; Chen et al., ’95).

The mechanisms that a high sodium environ-
ment decreases tNE concentrations are unclear.
It has been observed that high sodium intake en-
hances the release of NE from sympathetic nerve
and reduces tNE concentrations in some animals,
who is accompanied with impairment of baroreflex
inhibition of sympathetic nerve activity (Peuler
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dium retention in salt loading animal. However, the
possibility that the gender difference of tNE con-
centrations are caused by sodium retention in
salmon can be excluded, since no significant differ-
ence was found in plasma sodium concentration and
plasma osmolality between sexes. There have been
few previous reports on the relation of the gender
difference in tNE concentration. Further investiga-
tion is necessary.

In conclusion, our results indicate that a SW
environment may decrease tNE concentrations in
most organs of salmon, and that tNE concentra-
tions are higher in female salmon than in male
salmon in a FW environment but not in a SW
environment.
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