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The role of glucagon and catecholamines on serum and liver metallothionein (MT)
concentrations in basal and stress conditions has been studied. Glucagon showed no effect on
serum MT either in basal (unstressed) or stress (20 hours of restraint) conditions. In contrast,
glucagon administration increased both unstressed and stressed levels of liver MT. No effect of
the a+3-catecholamine blocker labetalol on serum MT levels was observed in unstressed rats.
However, the administration of labetalol abolished the increase in serum MT levels caused by
stress. These data suggest that catecholamines might be involved in serum MT regulation during
stress, while they might not be important in the maintenance of basal serum MT levels. Finally,
no significant effect of adrenergic blockade was found on basal and stress levels of liver MT, in
agreement with previous data from this laboratory.
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Metallothionein (MT) is present in sev
eral tissues, but especially in the liver
(17). Although the its actual physiological
function remains to be established, it ap
pears that it may be related to Zn and Cu
metabolism (2, 4, 17). Liver MT induc
tion by a wide range of systemic and
neurogenic stresses is now well established
(15-17, 19, 22), but the hormonal systems
involved are at present unclear. Gluco
corticoids (1, 8, 9), catecholamines (1, 3) 
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and glucagon (6, 8) have been claimed to
be involved in MT regulation. However,
data from our laboratory do not give
support to a role of these hormones on
liver MT induction by stress.

Circulating levels of MT, the source of
which appears to be, at least in part, the
liver (5, 7), have also been measured (11).
Serum MT levels are increased by Cd, Zn
or endotoxin administration (12, 21). A
mild stressor such as restraint in tubes
was (16) or was not (14, 15) able to
increase serum MT levels, whereas a
strong stressor such as immobilization in
wood-boards consistently increases se
rum MT levels (unpublished data). Few 
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data regarding the regulation of serum
MT are available. It has recently been
described that glucocorticoids might exert
a positive effect on MT release during
stress (submitted), but no data on the role
of other hormonal systems have been
presented.

Therefore, the aims of the present
work were to study the role of catechol
amines and glucagon on serum MT; and
to further characterize the role of those
hormonal systems on MT regulation dur
ing stress.

The procedure for serum and liver
metallotnionein obtention has previously
been described (16).

Serum and liver MT were analyzed by
a highly specific and sensitive radioimmu
noassay as previously described (10, 11).
Serum and liver cytosolic Zn levels were
measured by atomic absorption spectro
photometry. Results were analyzed with
the Student «t» test. Data were subjected
to logarithmic transformation where nec
essary, to achieve homogeneity of vari
ances.

Materials and Methods

Adult male Sprague-Dawley rats were
maintained under standard conditions
(lights on from 07.00 to 19.00 hours,
temperature 22 ± 1° C, food and water
ad libitum, for at least one week before
starting the experiments. The animals
were randomly assigned to the different
experimental groups.

Experiment 1. — Rats were i.p. injected
with saline, the jS-catecholamine blocker
propranolol at a dose 2 mg/kg, or the
a+/3-catecholamine blocker labetalol (in
its hydrochloride salt) at a dose of 5
mg/kg. One half of the animals were then
subjected to 20 h of restraint stress in
plastic tubes provided with several holes
and killed. The remaining rats were re
turned to their home cages without food
and water available and killed 20 h later.

Experiment 2. — Rats were s.c. injected
with saline, a long-lasting glucagon prep
aration (20) at a dose of 0.25 mg/kg, the
glucagon vehicle, or a long-lasting insulin
preparation at a dose of 2IU/100 g bw.
One half of the animals were then re
turned to their home cages and killed
20 h later. The remaining rats were sub
jected to 20 h of restraint stress and
killed. Vehicle-treatment was not stud
ied in stressed rats.

Results

Twenty hours of restraint stress plus
starvation significantly increased serum
MT levels (fig. 1). The administration of
the /3-adrenergic blocker propranolol was
without effect. However, the administra
tion of the labetalol abolished the increase
in serum MT caused by stress (p < 0.05).

Fig. 1. Effect of adrenergic blockade on serum
metallothionein response to stress.

Means ± SE are represented (n = 6). Rats were
injected with saline (□), (E2) propranolol (2 mg/kg)
or labetalol (5 mg/kg) (■). Some rats were returned
to their home cages without food and water availa
ble (basal) and the remaining rats were subjected to
restraint stress (stress). All of the animals were
killed 20 hours later. • p < 0.05 vs basal values. * p

< 0.05 vs saline stressed rats.
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Table J. Effect of adrenergic blockade on liver metallothionein (MT) and cytosolic Zn levels and on serum
Zn levels in basal and stress conditions.

Means ± SE are represented (n= 6). Rats were treated with the different drugs and returned to their
home cages without food and water available (starvation) or subjected to restraint stress (stress +

starvation). They were killed 20 h later. * p at least < 0.05 vs. the respective basal value.

Liver MT
(Mg/g)

Liver cytosolic Zn
Oxg/g)

Serum Zn
(/ig/ml)

STARVATION
Saline 5.22 ± 0.53 24.6 ± 0.8 1.71 ± 0.04
Propranolol 4.16 ± 0.25 23.9 ± 0.7 1.66 ± 0.05
Labetalol 4.37 ± 0.69 23.6 ± 0.4 1.63 ± 0.04

STRESS + STARVATION
Saline 10.72 ±1.53* 28.6 ± 1.0* 1.27 ± 0.05’
Propranolol 16.40 ± 2.13* 28.8 ± 0.6’ 1.02 ± 0.05’
Labetalol 9.57 ± 1.04* 27.3 ±1.4’ 1.34 ± 0.13*

tion on liver metallothionein and cytosolic Zn levels.
Means ± SE are represented (n = 6). Rats were
treated with saline (□), glucagon (0.25 rng/kg) (f2),
the vehicle of glucagon (B) or insulin (2 U/100 g
bw) (■). Rats were returned to their home cages
and killed 20 h later. ’ p < 0.05 vs saline treated

rats.

Fig. 3. Effect of glucagon administration on liver
metallothionein and cytosolic Zn levels during stress.
Means ± SE are represented (n = 6). Rats were
treated with saline (□) or (£3) glucagon (0.25
mg/kg). Rats were then subjected to restraint stress
for 20 hours and killed. * p < 0.05 vs saline-treated

rats.

Neither of the two blockers modified se
rum MT levels in starved rats.

As expected, restraint stress significant
ly increased liver MT levels as compared
to starved rats. Liver MT concentration
was not modified by the adrenergic block
ade. Liver cytosolic changes fully corre
lated to MT changes (table I).

Glucagon as well as insulin administra
tion did not modify significantly serum
MT levels in control rats (table II).

When administered to stressed rats, glu
cagon tended to reduce the effect of
stress, although no statistical significance
was obtained. Stressed animals treated
with insulin died within few hours after
onset of stress.

Glucagon administration to control
rats significantly (p < 0.05) increased
liver MT levels (fig. 2). Surprisingly,
glucagon caused a decrease of liver cyto
solic Zn levels (p < 0.05). The effect of
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Table II. Effect of glucagon administration on se
rum metallothionein (MT) and Zn levels in basal

and stress conditions.
Means ± SE are represented (n = 6). Rats were
treated with the different drugs and returned to
their home cages (basal) or subjected to restraint
stress (stress). The animals were killed 20 h later.

Serum (MI)
(ng/ml)

Serum Zn
(/xg/ml)

BASAL
Saline 2.81 ±0.15 1.63 ±0.06
Glucagon 3.04 ± 0.22 1.67 ±0.05
Vehicle 2.59 ± 0.19 1.77 ±0.03
Insulin 2.61 ± 0.14 1.65 ±0.05

STRESS
Saline 6.15 ± 0.36 1.27 ±0.05
Glucagon 4.62 ± 0.62 1.37 ±0.05

glucagon on liver MT levels was more
marked when administered to stressed
rats (fig. 3), since it was found an increase
of 5 /zg MT/g in stressed rats, and an
increase of approximately 1 /zg/g in con
trol rats.

Serum Zn levels were significantly de
creased by stress, but no significant effect
of the adrenergic blockade (table I) or
glucagon administration (table II) was
found.

Discussion

Restraint stress significantly increased
serum MT levels. Since the a+/3-adren-
ergic blockade with labetalol abolished
the rise in serum MT caused by stress,
catecholamines appear to have some role
on the regulation of serum MT levels
during stress. In contrast, no effect was
observed in unstressed rats, suggesting
that catecholamines would not be impor
tant in the maintenance of basal levels of
scrum MT. Similar results have been ob
tained for glucocorticoids (submitted).

The level(s) at which catecholamines 

may act during stress to control serum
MT is unclear. Serum MT levels are the
consequence of two different processes: (i)
MT release from the tissues (likely the
liver, 5, 7), and (ii) MT clearance from the
blood. Therefore, catecholamines might
act at any of the two processes. Since it
was found that liver MT levels were not
affected by adrenergic blockade, it ap
pears likely that catecholamines could
regulate serum MT levels mainly through
MT clearance from the blood. However,
further work is needed to demonstrate it.

In unstressed rats, glucagon adminis
tration did not increase serum MT levels.
In addition, despite the 50% increase of
liver MT levels caused by this hormone in
stressed rats, no further increase was
found in serum MT levels. This supports
the idea that serum and liver MT levels
are not necessarily correlated, which is
what it has been usually found in our
laboratory (14-16).

As expected, liver MT levels were in
creased by restraint stress (14-16). Adren
ergic blockade did not show a signifi
cant effect. This was in disagreement with
the previously attributed role for cate
cholamines in liver MT induction by
stress (1) and in agreement with data
from our laboratory (submitted). The
reasons for these discrepancies are not
known, although conflictive data on the
role of catecholamines on other physio
logical variables, for instance gastric ulcer
ation caused by stress, have been reported
(13, 18).

In accordance with previous reports (8),
glucagon significantly increased liver MT
levels, even using a much lower dose than
in the previous report. The effect of glu
cagon was more marked during stress. It
has been demonstrated that a sinergic ef
fect on liver MT levels is present after
dexamethasone and glucagon administra
tion (8). Since corticosterone release is
greatly enhanced by stress (14, 15), it
could be argued that the potentiation of
the effect of glucagon during stress was 
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due to corticosterone. However, this as
sumption is not clear, in view of the
finding that corticosterone has an inhibi
tory role on liver MT concentration (sub
mitted).

The present results suggest that cate
cholamines may mediate at least in part
the increase in serum MT levels during
stress; and, the positive effect of glucagon
on liver MT concentration is greater dur
ing stress than in basal conditions, sug
gesting that a sinergic interaction occurs
between this hormone and some mecha
nism activated during stress.

Resumen

Se estudia el papel del glucagon y de las catecola-
minas en la regulacion de los niveles de metalotio-
neina (MT) serica y hepatica en situacion basal y
durante el estres de inmovilizacion. El glucagon no
muestra efecto significativo sobre la MT serica ni en
situacion basal ni durante el estres (20 h), pero
incrementa los niveles hepaticos de MT en ambas
situaciones. El labetalol no muestra efecto significa
tivo sobre los niveles sericos de MT en los animates
controles, aunque elimina el incremento de los nive
les sericos de MT en los animates sometidos a estres.
Estos resultados sugieren que las catecolaminas pue-
dan estar implicadas en la regulacion de la MT
serica, aunque no parecen tener importancia en el
mantenimiento de los niveles sericos basales de esta
proteina. Finalmente, se confirma que el labetol no
tiene efecto significativo del bloqueo adrenergico
sobre la MT hepatica, ni en situacion basal ni du
rante el estres de inmovilizacion.

Palabras clave: Catecolaminas, Glucagon, Metalo-
tioneina, Estres.

References

1. Brady, F. O.: Life Sci., 28, 1647-1654, 1981.
2. Brady, F. O.: Trends Biochem. Sci., 7, 143-

145, 1982.

3. Brady, F. O. and Helvig, B.: Am. J. Phys
iol., 247, E318-E322, 1984. .

4. Cousins, R. J.: Physiol. Rev., 65, 238-309,
1985.

5. Danielson, K. G., Obi, S. and Huang, P. C.:
Proc. Natl. Acad. Sci. USA, 79, 2301-2304,
1982.

6. Disilvestro, R. A. and Cousins, R. J.: Life
Sci., 35, 2113-1228, 1984.

7. Elmes, M. E., Clarkson, J. P. and Hasani, B.:
In «2nd Intemat. Meeting on Metallothionein.
Zurich, 1985. pp. 22 (Abstracts).

8. Etzel, K. R. and Cousins, R. J.: Proc. Soc.
Exp. Biol. Med., 167, 233-236, 1981.

9. Etzel, K. R., Shapiro, S. G. and Cousins, R.
J.: Biochem. Biophys. Res. Commun., 89,
1120-1126, 1979.

10. Garvey, J. S.: In -Nephrotoxic Mechanisms of
Drugs and Environmental Toxins*  (Porter, G.
A., ed.). Plenum Press, New York, 1982, pp.
437-449.

11. Garvey, J. S.: Environ. Health. Perspect., 54,
117-127,1984.

12. Garvey, J. S. and Chang, C. C.: Science, 214,
805-807, 1981.

13. Hano, J., Bugajski, J. and Danek, L.: Pol. J.
Pharmacol. Pharm., 29, 629-628, 1977.

14. Hidalgo, J., Armario, A., Flos, R., Dingman,
A. and Garvey, J. S.: Life Sci., 39, 611-616,
1986.

15. Hidalgo, J., Armario, A., Flos, R. and Gar
vey, J. S.: Experientia, 42, 1006-1010, 1986.

16. Hidalgo, J., Giralt, M., Garvey, J. S. and
Armario, A.: Rev. esp. Fisiol., 43, 427-432,
1987.

17. Kagi, J. H. R. and Nordberg, M.: Metallo
thionein. Birkhauser-Verlag, Basel, 1979.

18. Menguy, R. and Masters, Y. F.: Am. J. Gig.
Dis., 23, 493-497, 1978.

19. Oh, S. H., Deagen, J. T., Whanger, P. D. and
Weswig, P. H.: Am. J. Physiol., 234, E282-
E285, 1978.

20. Pingel, M., Skelbaek-Pedersen, B., Brange, J.:
In -Handbook of Experimental Pharmacol
ogy*  (Lefebre, P. J., ed.). Springer-Verlag.
Berlin, 1983, Vol. 66/1, pp. 175-188.

21. Sato, M., Mehra, R. K. and Bremner, L: J.
Nutr., 114, 1683-1689, 1984.

22. Sobocinski, P. Z., Canterbury, W. J., Mapes,
C. A. and Dinterman, R. E.: Am. J. Physiol.,
234, E399-E406, 1978.

Rev. esp. Fisiol., 43 (4), 1987






