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EXPERIENTIA 33/12

Properties of the sarcoplasmic proteins of red and white muscles of cat fish, Clarias batrachus

Red muscle ‘White muscle t P

X + SD X + SD
Calcium binding capacity (wmole Ca/mg protein) 0.92 4 0.06 1.70 4- 0.06 23.73 0.01
Percentage water content 78.48 - 2.43 82.09 + 1.86 2.885 0.02
Calcium precipitated proteins (mg Ca bound protein/mg protein) 0.56 4- 0.09 0.34 £+ 0.05 5.348 0.01
Ca-insensitive proteins (mg protein/mg total protein) 0.48 -+ 0.09 0.61 4 0.097 2.380 0.05
Ionic calcium (ug Ca/mg protein) 0.15 4+ 0.03 0.32 4 0.09 7.291 0.01
Ash content {percent wet weight) 1.66 - 0.05 1.27 4+ 0.05 1.879 0.2
Total calcium (umole Cafg dry weight) 10.80 4+ 4.96 8.80 + 2.59 0.875 0.2

Values are x 4 SD of 6; t = Student’s t-test.

estimating the water loss when the wet tissue (2 g) was
dried to constant weight at 105°C. The dried muscle
slices were ashed in porcelain crucibles in a muffle
furnace at 650°C and weighed to compute the ash
content. A single pan electric balance (Mechaniki, made
in Poland) was employed for these studies. 2 g of fresh
muscle was homogenized in 10 m! redistilled water using
a Potter-Elvinjin-homogenizer. A clear homogenate was
obtained after centrifugation at 6000 x g for 20 min, and
it dialized using a cellophane tube 15 ¢cm long X 0.5 cm
diameter against 20 m! water for 24 h at 5°C. The Ca
content of the dialysate was estimated by compleximetric
method 5.

Sarcoplasmic proteins were extracted into 0.47 M KCl
pH 7.0 according to Barany et al.3. Calcium binding
proteins of them were estimated according to Weller®.
Cat+levels in the homogenate was estimated flame photo-
metrically after analyzing the dialysate obtained after
equilibrium dialysisé. The proteins of the homogenate
was precipitated by addition of equal volume of 0.1 M
Calcium acetate. The precipitate was collected by
centrifugation at 600 xg for 20 min and the protein
content of it was estimated colorimetrically?. The sarco-
plasmic proteins in a 5 ml of the homogenate were
precipitated with 109, trichloroacetic acid (TCA) and
the precipitate was ashed in the muffle furnace at 650°C.
The calcium content of the ash was estimated by complex-
imetric method® The TCA precipitated proteins in the
same volume were estimated colorimetrically? to express
the amount of bound calcium to unit weight of protein.
The results were presented in the table.

The white muscle is characterized by greater water
content and ionic calcium than the red muscle. The latter

contains more Ca-precipitated proteins. Calcium insensi-
tive (for charge neutra-lization at pH 7.0) proteins occur
in greater concentration in white muscles. The muscles
do not differ in total calcium and ash contents.
Ca-binding capacity is more in white muscle, whereas
calcium sensitive proteins are more in red muscle.
The occurrence of high Ca binding capacity and rich
Catt and a low Ca bound protein content of the white
muscles corroborate the findings of Sreter? in the Vastus
lateralis muscle of rabbit. Our results on Ca** content in
red and white muscles are not in agreement with those
of Beecher et al.® who reported that the muscles do not
differ in Ca levels. Another interesting observation is
that the total Ca in the muscles do not vary but the
availability of Ca in ionic or bound form varies with
reference to the muscle.

The occurrence of more Ca-precipitated proteins (table)
in the red muscle suggests the latter’s low affinity to
Cat*. This affinity is mainly an electrostatic attraction
between the protein and Ca*+9 These attractions have
immense significance in the contractility of the muscle
fibre 10,

5 B. L. Oser, in: Hawk’s Physiological Chemistry, p. 1135. Ed.
B. L. Oser. Mc. Graw Hill Book Company, 1965.

6 H. Weller, J. cell. comp. Physiol. 47, 379 (1956).

7 0. H. Lowry, N. J. Rosenbrough, A. L. Farr and R. J. Randall,
J. biol. Chem. 793, 265 (1951).

8 G. R. Beecher, L. 1. Kastenschmidt, R. G. Cassens, W. G.
Hoekstra and E. J. Briskey, J. Fd Sci. 33, 84 (1968).

9  S. Ebashi, J. Biochem. 48, 150 (1960).

10 A. Weber and R. Herz, J. biol. Chem. 238, 599 (1963).

Proposed effects of brain noradrenaline on neuronal activity and cerebral blood flow

during REM sleep
F.R. Sharp and W. J. Schwartz
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Summary, We propose that the observed increases of both neuronal activity and cerebral blood flow seen throughout
the brain during REM sleep may be effects of decreased central noradrenaline release.

Several groups of neuronal cell bodies located in the
mammalian brainstem have been shown to contain?! and
to synthesize 2 noradrenaline (NA); the most well-known
of these cell groups is the locus coeruleus. The axons of
some of these NA-containing cells ramify widely through-
out the spinal cord, brainstem, cerebellum and fore-
brain #-10. Pharmacological studies suggest that increased
release of NA from axon terminals is coupled to increased
discharge rates of the parent brainstem cells11-15. Central
NA’s precise functional role in central nervous system

(CNS) is uncertain. Recent evidence, described below,
suggests that central NA may affect both neuronal firing
rates and cerebral blood flow (CBF) in regions innervated
by NA-containing axons. We wish to propose here that
the increases of both neuronal firing rates and CBF ob-
served throughout the brain during rapid-eye-movement
(REM) sleep are the result of decreased central NA
release.

Recent experiments suggest that central NA may influ-
ence both neuronal firing rates and CBF. Stimulation of
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the locus coeruleus inhibits the firing rates of cerebellar
Purkinje!®, hippocampal??, and spinal trigeminal nu-
cleus!® neurons. This effect is reproduced by microionto-
phoresis of NA onto these cells®-20. A central noradren-
ergic influence on CBF has recently been suggested 2l
Apparent innervation of the brain microvasculature by
central noradrenergic fibres (persistent innervation after
cervical sympathectomy) has been documented 22-24, and
exogenous NA can cause cerebral vasoconstriction 25-27
and decreased blood flow?®. We would expect that in-
creased release of endogenous NA would result in vaso-
constriction of the brain microvasculature, in the same
way that increased release of peripheral NA from the
sympathetic nervous system results in systemic vaso-
constriction. Stimulation of the locus coeruleus pharma-
cologically has been shown to decrease CBF, whereas
intraventricular injection of phentolamine, a noradrener-
gic alpha-blocker, increases CBF2L. We would predict
that increased CBF would result also from lesions of the
locus coeruleus. Finally, since CBF and brain glucose
consumption are positively correlated and believed to be
coupled 2% 30, lesions of the locus coeruleus might also be
expected to increase brain glucose consumption. Prelimi-
nary data suggest that this may be true?..

These experimental observations have suggested to us
that activation of the diffusely-projecting brainstem
NA-containing neurons, by liberating NA from nerve
terminals throughout the brain, might result in decreased
neuronal firing rates and decreased CBF. Conversely,
lowered discharge rates of these brainstem NA-containing
neurons, by decreasing NA release, would result in in-
creased neuronal firing rates and increased CBF.

We believe that one consequence of this scheme is that
some of the data on the physiology of sleep can be unified.
It is known that CBF increases moderately during slow-
wave sleep by approximately 159 over control awake
subjects32-35, and it increases greatly during REM sleep
by approximately 809, over controls?®-??, According to
our proposal, such an increased CBF should be correlated
with decreased central NA release, i.e. with decreased
locus coeruleus discharge rates. In fact, locus coeruleus
discharge rates have been recorded during sleep in the
cat. The cat locus coeruleus is anatomically heterogenous,
and within it is a specific group of NA-containing neurons
which give rise to the ascending and cerebellar NA path-
ways?% 3 Discharge rates of these neurons decrease
moderately- during the transition from wakefulness to
slow-wave sleep, and they decrease drastically during
REM sleep, many units having their lowest recorded
discharge rates during this period#% 4!, From this nadir,
discharge rates start to increase again during the last
quarter of REM sleep, just before the animal awakens 42,
Several previous workers have suggested that the large
increase of CBF seen during REM sleep was neurogeni-
cally mediated?3%3%:37, Also according to our proposal,
lowered locus coeruleus discharge rates, by decreasing
release of central NA, should result in increased neuronal
firing rates in areas innervated by NA. In fact, during
REM sleep neuronal activity does increase throughout
the brain, and neuronal firing rates in cerebral cortex43-45,
thalamus?8, hippocampus?’, hypothalamus4®, and brain-
stem49:50 are all higher than during wakefulness or slow-
wave sleep.

1 A. Dahlstrom and K. Fuxe, Acta physiol, scand. 62, suppl. 232
(1964).

2 M. J. Kuhar, R. H. Roth and G. K. Aghajanian, Biochem.
Pharmac. 27, 2280 (1972).

3 N. E. Anden, A. Dahlstrom, K. Fuxe, K. Larsson, L. Olson and
U. Ungerstedt, Acta physiol. scand. 67, 313 (1966).

4 U. Ungerstedt, Acta physiol. scand. 82, Suppl. 367 {1971).

Specialia

[e AN Be e

=}

10

11

12

13
14

16

17
18

19

20
21

22
23
24
25

26
27

28

29

30

31
32

33

34

35

36

37

38

39
40

41
42

43
44
45
46
48
49

50

1619

L. Olson and K. Fuxe, Brain Res. 28, 165 (1971).

L. A. Loizou, Brain Res. 75, 563 (1969}.

T. Maeda and N. Shimizu, Brain Res. 36, 19 (1972).

V. M. Pickel, M. Segal and F. E. Bloom, J. comp. Neurol. 755,
15 (1974).

O. Lindvall and A. Bjorklund, Acta physiol. scand. 92, Suppl.
412 (1974).

L. W. Swanson and B. K. Hartman, J. comp. Neurol. 763, 467
(1975).

G. W. Arbuthnott, T. J. Crow, K. Fuxe, L. Olsson and U.
Ungerstedt, Brain Res. 24, 471 (1970).

J. Korf, G. K. Aghajanian and R. H. Roth, Eur. J, Pharmac.
21, 305 (1973).

D. S. Walter and D. Eccleston, J. Neurochem. 27, 281 (1973).
J. Korf, R. H. Roth and G. K. Aghajanian, Eur. J. Pharmac.
23, 276 (1973).

C. Tanaka, C. Inagaki and H. Fujiwara, Brain Res. 706, 384
{1976).

B. J. Hoffer, G. R. Siggins, A. P. Oliver and F. E. Bloom, J.
Pharmac. exp. Ther. 784, 553 (1973).

M. Segal and F. E. Bloom, Brain Res. 72, 99 (1974).

M. Sasa, K. Munekiyo H. Ikeda and S. Takaori, Brain Res. 80,
443 (1974).

B. J. Hoffer, G. R. Siggins and F. E. Bloom, Brain Res. 25, 523
(1971).

M. Segal and F. E. Bloom, Brain Res. 72, 79 (1974).

M. E. Raichle, B. K. Hartman, J. O. Eichling and L. G. Sharpe,
Proc. nat. Acad. Sci. USA 72, 3726 (1975).

B. K. Hartman, D. Zide and S. Udenfriend, Proc. nat. Acad. Sci.
USA 69, 2722 (1972). )

B. K. Hartman, in: Frontiers of Catecholamine Research, p. 91.
Ed. E. Usdin and S, Snyder. Pergamon Press, New York 1973.
I.. Edvinson, M. Lindvall, K. C. Nielsen and Ch. Owman, Brain
Res. 63, 496 (1973).

E. Haggendal, Acta physiol. scand. 66, Suppl. 258, 55 (1965).
K. C. Nielsen and Ch. Owman, Brain Res. 27, 33 (1971).

M. Wahl, W. Kuschinsky, O. Bosse, J. Oleson, N. A, Lassen,
D. H. Ingvar, J. Michaelis and K. Thurau, Circulation Res. 37,
248 (1972).

C. Rosendorff, in: Cerebral Blood Flow, Progress in Brain Re-
search, vol. 35, p. 115. Ed. J. S. Meyer and J. P. Shade. Elsevier,
Amsterdam 1972.

M. H. Des Rosiers, C. Kennedy, C. S. Patlak, K. D. Pettigrew,
L. Sokoloff and M. Reivich, Neurology 24, 389 (1974).

M. E. Raichle, R. L. Grubb, M. H. Gado, J. O. Eichling and
M. M. Ter-Pogossian, Archs Neurol. 33, 523 (1976).

W. J. Schwartz and F. R. Sharp, Neurosci. Abstr. 6, 502 (1976).
R. Mangold, L. Sokoloff, E. Conner, J. Kleinermann, P. G.
Therman and S. S. Kety, J. clin. Invest. 34, 1092 (1955).

M. Reivich, G: Isaacs, E. Evarts and S. Kety, J. Neurochem.
75, 301 (1968).

J. Seylaz, E. Pinard, H. Mamo, J. Y. Goas, A. Luft and J. L.
Correze, in: Brain Work, p. 235. Ed. D. H. Ingvar and N. A,
Lassen. Academic Press, New York 1975.

C. M. Shapiro and C. Rosendorff, Electroenceph. clin. Neuro-
physiol. 39, 365 (1975).

J. S. Meyer and M. Toyoda, in: Cerebral Circulation and Stroke,
p. 156. Ed. K. J. Zulch. Springer-Verlag, New York 1971.

R. E. Townsend, P. N. Printz, W. D. Obrist, J. appl. Physiol.
35, 620 (1973).

T. Maeda, C. Pin, D. Salvert, M. Ligier and M. Jouvet, Brain
Res. 57, 119 (1973).

N. S. Chu and F. F. Bloom, Brain Res. 66, 1 {1974).

J. A. Hobson, R. W. McCarley and P. W. Wyzinski, Science 789,
55 (1975).

N. S. Chu and F. E. Bloom, J. Neurobiol. §, 527 (1974).

R. W. McCarley and J. A. Hobson, Neurosci. Abstr. 5, 490
(1975).

E. V. Evarts, J. Neurophysiol. 25, 812 (1962).

E. V. Evarts, J. Neurophysiol. 27, 152 (1964).

J. A. Hobson and R. W. McCarley, Electroenceph. clin. Neuro-
physiol. 30, 97 (1971).

E. Bizzi, J. Neurophysiol. 29, 1087 (1966).

H. Noda, S. Manohar and W. R. Adey, Expl Neurol. 24, 217
(1969).

A. L. R. Findlay and J. N. Hayward, J. Physiol. 207, 237 (1969).
E. Bizzi, O. Pompeiano and I. Somogyi, Archs ital. Biol. 702,
308 (1964). )

P. R. Huttenlocher, J. Neurophysiol. 24, 451 {1961).



1620

Pharmacological evidence is compatible with the sug-
gestion that decreased central NA release is associated
with REM sleep. In cats, inhibition of NA synthesis?®-%3
or specific lesions of NA pathways?% increase REM sleep
time. In rats, the same results have been reported 3536,
whereas intraventricular administration of NA itself de-
creases REM sleep time .

We do not know how central NA exerts its widespread
effects on neuronal firing rates and CBF. However, it is
known that increases of regional CBF do occur during
increased cerebral functional activity8-62, Likewise, in-
creases of regional brain oxidative metabolism occur
during increased brain functional activity?®93-67 and it
is believed that the activity-related increases of CBF
serve to meet the increased energy demand incurred by
elevated brain functional activity. It is possible, there-
fore, that observed noradrenergic effects on CBF are only
secondary to the alterations of neuronal activity caused
by a primary noradrenergic modulation of firing rates.
If this were so, NA would act as presumably many neuro-
transmitters do, except that it would do so throughout
the brain.

An alternative possibility is that central NA exerts
primary control over CBF, neuronal firing rates, and
perhaps even over oxidative metabolism. Brain is depen-
dent on the continuous provision of both glucose and
oxygen for oxidative metabolism 8, and it cannot sustain
itself by anaerobic glycolysis®® or by mobilization of
glycogen stores®9-70. A primary noradrenergic control of
brain glucose consumption and CBF colud serve as a
safety factor to increase oxidative metabolism quickly,
protecting the brain from an energy debt for the first
few moments after sudden changes in functional activity 71,
If this possibility were true, central NA might be an
unusual neurotransmitter?2.
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Influence of metiamide and atropine on pepsinogen secretion in the conscious rat

I. Szelenyi and K. Thiemer?

Department of Phaymacology of Pharma-Research, Chemiewerk Homburg, D-6000 Frankfurt am Main

(Fedeval Republic of Germany), 22 February 1977

Summary. Activity of peptic cells is influenced directly by cholinolytic or cholinergic agents. Histamine H,-antagonists
influence the activity of the chief cells through changes of acidity of gastric juice.

The histamine H,-antagonists inhibit not only the hista-
mine-induced but also the cholinergic-stimulated gastric
acid secretion?-4. Whether the H,-antagonists are also
able to influence the pepsinogen secretion remains to be
clarified. Konturek et al.5 found that pepsinogen secretion
was inhibited by metiamide, but this effect of metiamide
was not shown in the experiments of Gibson et al.8. They
showed that while metiamide inhibited the pepsinogen
secretion stimulated by pentagastrin, the cholinergic-
induced pepsinogen secretion could not be diminished
and was in fact enhanced.

In our experiments, we wanted to investigate the role of
histamine Hy-receptors and cholinergic receptors in
pepsinogen secretion.

Method. Chronic gastric fistulae were prepared in pento-
barbitone (30 kg mg-! i.p.) anaesthetized male albino
rats (SIV 50, Ivanovas, Kisslegg) weighing 200-230 g
according to Lane et al.”. A postoperative period of 2
weeks was allowed. Before each experiment, the rats

were starved for 48 h and kept in individual cages to
prevent coprophagia. The collection of gastric juice was
carried out in modified Bollman-cages. The stomachs
were washed with warm water (ca. 50 ml). The 1st fraction
(60 min) of gastric juice was eliminated because the
distension of the stomach wall by the wash can falsify
the secretory values. After this the gastric secretion was
collected each hour. The gastric juice was centrifuged,
the volume measured, and the acid content titrated by an
autoburette (ABU 12, Radiometer, Copenhagen, Den-
mark). The pepsin activity was determined by the method
of Debnath et al.® using hemoglobin as substrate and
expressed in pmoles splitted tyrosine/min.

The gastric secretion was stimulated by histamine (as
hydrochloride, Fluka AG, Buchs, Switzerland), penta-
gastrin (Gastrodiagnost, Merck AG, Darmstadt) and car-
bachol (Doryl, Merck AG, Darmstadt) infused into the
tail vein in stepwise increasing dosis. Metiamide (Smith,
Kline and French Labs Ltd, Welwyn Garden City,



