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responds to a cooperative binding process, whereas a
much less significant effect is determined by a competitive
interaction.

It is significant that widely different conformations,
such as those observed for BSA at two pH values (2.2
and 6.8 respectively)?? do not necessarily imply a propor-
tional difference in binding and transport capacities of the
protein for the antibiotic1l,

Furthermore, the volume decrease produced by the
interaction of SDS with negatively charged BSA 23, which
occurs at premicellar detergent concentrations, suggests
that, along with binding processes, changes in the geome-

2 S, Karz, M. E, Smaw, S. CuiLrac, J. E. MiLLER, J. biol. Chem.
247, 5228 (1972).
24 This work was supported by a C.N.R. Research Grant.
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try of the biomebrane might be significant in determining
the transport rate of the permeants.

Résumé. 1’étude de linfluence de concentrations
prémicellaires des tensioactifs sur Uinteraction BSA-CAF
permet de conclure qu’il s’agit d’un mécanisme cooperatif
suivant le modele allosterique proposé par MowNoD,
Wyman et CHANGEUX!. Ce mécanisme représente une
possible explication de Vinfluence des tensioactifs sur
I’absorption des médicaments.

F. ALaaique, M. MARCHETTI, F. M. RICCIERT
and ELEONORA SANTUCCI*

Cattedrva di Tecwica Farmaceutica, Istituto di Chimica
Farmaceutica dell’ Universita di Roma,
Roma (Italy), 8 August 1974.

Contractile Response of Halothane-Depressed Isolated Atria to Various Substrates

In our previous report? dealing with the mechanism of
cardiac depressant action of inhalation anesthetic halo-
thane, it has been demonstrated that: 1. approximately
6 mg/100 ml halothane is required to maintain 509,
depression of the force of contraction of isolated rat
atria in Krebes-Ringer bicarbonate glucose medium;
2. pyruvate partially restores the contractility of halo-
thane-depressed atria, but has no effect on normal atria.
From these findings we concluded that the cardiac
depressant action of halothane on rat atria is a manifesta-
tion of inhibition of glucose uptake or utilization. The
present studies were undertaken to observe the effect of
other substrates on halothane-depressed atria in order to
substantiate our conclusions. As with the case of pyruvate,
lactate and acetate also partially restored the force of
contraction of halothane-depressed atria. These data are

e—— Halothane(70)

consistent with the hypothesis that halothane inhibits
glucose uptake or utilization in the glycolytic cycle of the
myocardium.

Method. Atria from decapitated rats were used as
previously described®-2. Halothane was administered
into the medium by means of anaesthesia® The halothane
concentration in the medium was determined at 1¢ to
30 min intervals with a gas chromatograph throughout the
experimental period3.

1 K. C. Ko, R. R. Parapist and D. S. Han, Experientia 28, 1466
(1972).

2 P. B. HorLLanpER and J. L. WEss, Circulation Res. 3, 604 (1955).

2 R. R. Parapisk and L. K. GrirriTH, J. Pharmac, exp. Ther. 754,
281 (1966).
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Fig. 1. Effect of lactate (5 mM) or acetate (2.5 mM) on atria depressed with halothane. In this and subsequent figures, halothane was added
at zero time (i.e. following a 60 min equilibration period in the normal Krebs-Ringer bicarbonate glucose medium). Substrates were added
30 min after start of halothane administration. Vertical bars represent 1 SE of the mean.
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Resulls. Effects of lactate ov acetate on aitria depressed with
halothane. Sodium lactate (5 mM) or sodium acetate
(2.5 mM) was added to the bathing medium 30 min after
the start of the halothane administration. The Figure 1
shows that, despite the continued administration of
halothane and maintenance of the halothane concentra-
tion (approximately 6 mg/100 ml mean value) in the
medium, the addition of either lactate or acetate produces
a gradual and partial increase in the force of contraction
of atria depressed with halothane similar to that previ-
ously demonstrated with pyruvate. The maximally
effective concentration of lactate was 5 mM and of
acetate 2.5 mM.

Effect of additional glucose on atria depressed with
halothane. Since the early report by Locke and RosEN-
HEIM*4, the glucose metabolism in the heart has been well
studied. Masvoga et al.? have reported that glucose was
ineffective in increasing the amplitude of contraction of
ventricle strip depressed by iodoacetate, but pyruvate
caused a marked stimulation. Similar investigations with
2-desoxyglucose on isolated rat atria have recently been
reported by GIMENO et al.8. If it is assumed that the
cardiac depressant action of halothane may be similar to
the action of these enzyme inhibitors on glucose metab-
olism of the heart, the experiments to test the effects of
glucose at different concentrations on the halothane-
depressed atria may have bearing on the problem of the
action of halothane on the myocardium. The results
presented in Figure 2 show that the addition of glucose at
either 5 or 20 mA concentration produces little change in
the contractile force of halothane-depressed atria. The
data obtained from these series of experiments are
consistent with the previous report with iodoacetates or
2-desoxy-glucose® and indicate that there is some defect
in glucose utilization of the heart induced by halothane.

Relative abilities of substrates fo vestove the conmtractile
activity of atria depressed with halothane. It is evident
from Figure 3 that recovery of the force of contraction
from the depression by halothane occurred to varying
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degrees with pyruvate, lactate and acetate. The greatest
effect was produced by lactate, while pyruvate, and
acetate were less effective. High concentrations of glucose
were not effective at any concentration tested. The resutls
obtained with pyruvate, lactate and acetate are similar
to previous reports?.7 in which the force of contraction
of substrate-depleted rat heart was stimulated by addition
of these substrates.

Discussion. It has been well demonstrated that glucose,
pyruvate, and acetate can be metabolized for the purpose
of sustaining the contractile process of the myocardium 5-12,
Results obtained from the cardiac preparations in vitro
suggest that either the uptake of glucose or operation of
the glycolysis are important for a fraction of the myo-
cardial contractility, inasmuch as pyruvate is only
partially effective in restoring the developed tension in
the absence of glucose or during block of glycolysis with
enzyme inhibitors?.%.13, or with bicarbonate-free medium 4.

In Figure 1 we have found that lactate and acetate
partially restored the reduced contractility of halothane-
treated atria, similar to that previously demonstrated with

4 F. S. Locke and O. RosEnzEM, . Physiol., Lond. 36, 205 (1907).

5D. T. Masvoka, D. A, BErmaN and P. B. SAUNDERs, Am. J.
Physiol. 770, 301 (1952). .

8 A. L. Gimeno, J. L. Lacuara, E. CererTI and J. L. WEBS,
Molec. Pharmac. 2, 77 (1966).

7 A. L. Gimeno, M. F. GiMEno, E. A. Savino and S. A. BENDBERS,
Proc. Soc. exp. Biol. Med. 723, 857 (1966).

& J. L. Wees, P. R. SauxpEers and C. H. Taiengs, Arch. Biochem.
22, 451 (1949).

9 0. H. Person, A, B. Hastines and H. BuntiNGs, Am. J. Physiol.
158, 251 (1949),

10 M, BriN, R. E. Orson and F. J. StaArEg, J. biol. Chem. 799, 467
{1952).

11 M, Bing, Am. J. Med. 30, 679 (1961).

12 T E. Hoop and P. R. SAuNDERS, Am. J. Physiol. 790, 525 (1957).

13 W, C. YANG, Am. J. Physiol. 205, 781 (1963).

1 K. C. Ko, A. L. Gimexo and D. A. BErmAN, Am. J. Physiol, 276,
853 (1969).
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Fig. 2. Effect of additional glucose (5 mM and 20 mM) on halothanedepressed rat atria.
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Fig. 3. Comparative effects of substrates (5 mM) on halothane-
depressed rat atria.

15 D. A. BErman and P. R. Saunpers, Circulation Res. 3, 559 (1955).

¥ L. I. Rice and D. A. BErmAN, Am. ]J. Physiol. 200, 727 (1961).

17 Reprint requests to: Dr. KvE-Cuane Ko, Department of Phar-
macology, School of Medicine, Kyung Hee University, Dong-
daemoon-ku, Seoul (Korea).
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pyruvate. The results obtained with these experiments
are consistent with the considerable data in the litera-
ture that Jactate, acetate and pyruvate were effective in
increasing the substrate-depleted rat ventricle strips$
and those in bicarbonate-free medium®®in which glu-
cose metabolism on the heart was impaired 6. In Figure
2, it was shown that glucose at any concentration tested
was ineffective in increasing the declined contractility
of rat atria by halothane. The data obtained from
these experiments are similar to those in the previous
reports that glucose was ineffective in restoring the
force of contraction of rat atria depressed by 2-desoxy-
glucose® or by bicarbonate-free medium?. Glucose was
also ineffective in restoring the amplitude of contractility
of rat ventricle strips depressed by iodoacetate?.

Thus, our results are consistent with the hypothesis
that balothane exerts at least a part of its negative
inotropic effect on rat atria by inhibiting either the uptake
or utilization of glucose via the glycolytic pathway. The
site of blockade must be prior to the conversion of
pyruvate to acetyl CoA.

Zusammenfassung. Nachweis, dass die nach Halothan
eingetretene Verminderung der Kontraktilitit des Myo-
kards durch Lactat oder Acetat verhindert werden kann.
Das Ergebnis stiitzt die Hypothese, Halothan hemme die
Aufnahme von Glykose oder beeintrichtige deren
Verwertung.

Kye-Crang Ko and R, PARADISE

Department of Pharmacology School of Medicine,

Kyung Hee University, Dongdaemoon-ku, Seoul

(Korea); and Department of Phavmacology, Indiana
Univeysity, Bloomingion (Indiana, USA), 26 August1974.

Brain Abnormalities in the Lurcher (Lc) Mutant Mouse

Lurcher (symbol Lc) is a mouse mutant first discovered
and described by PriLripsl. The mutation arose spon-
taneously in a White {347%1) homozygote and is expressed
as a semidominant in heterozygotes (Lc/+). The Lc gene
is on chromosome 6 (linkage group XI). Homozygotes
(Le[Le) are believed to die during the early neonatal
period. Heterozygotes are fertile, although the litter size
of Lc/+ females is reduced. Lurcher body weights of
both sexes are less than those of normal counterparts.

Lurcher heterozygotes show abnormal behavioral
characteristics consisting of ataxia with a tendency to fall
to either side®:2. These animals also tend to walk back-
ward when placed outside of the cage on a smooth
surface®. Although lurcher has been classified as a neuro-
muscular mutant, little is known about the morphology
of the nervous system in these animals. However, lurcher
manifests many of the behavioral characteristics which
have been described in the mutant reeler (#/) in which the
cerebellum has been shown to be defective3—¢. Since
several other cerebellar mutants such as staggerer (sg),
weaver (wv), and nervous (u#) also exhibit ataxic be-
havior %8-11, the present study was undertaken to obtain
information on the gross structure of the brain, particularly
the cerebellum, in the lurcher mutant mouse.

Matevials and methods. The lurcher mutant colony used
in this study was originally derived from a male lurcher
heterozygote (L¢/+) carrying the translocation T{2:6)
7Ca who was mated to C57BL/6] females. L¢/-+ progeny
were subsequently backcrossed to C57BL/6] individuals
for several generations. Lurcher (L¢/+) and normal (- /+)
littermates of both sexes were sacrificed at ages ranging

from birth to approximately 10 months of age. The brains
were quickly removed and wet weights were determined.
The brains were then fixed for 4 to 5 days in Bouin’s
solution, transferred to 709, ethanol, and examined at
magnifications up to 60 X. The nomenclature of SipmMAN
et al.l* was used to describe gross features of the mouse
brain.

Resulis. Lurcher (Lc/+) mice in our colony show a
hesitant, lurching gait as well as a tendency toward tonic-
clonic seizures, particularly when suddenly disturbed.
This behavior is clearly manifested on approximately the
12th day after birth. Prior to this time the pale coat, light

L R. J. S. PuiLLps, J. Genet. 57, 35 (1960).

% R. L. Sromaw, M. C. GrEEN and S. H. Arerr, Catalog of the Neuro-
logical Mutants of the Mouse (Harvard University Press, Cambridge
1965).

3 M. HamBURGH, Experientia 76, 460 (1960).

4 M. HamsurGH, Devl Biol. 8, 165 (1963).

5 H. Me1er and W. G. Hoag, J. Neuropath. exp. Neurol. 27, 649
(1962).

¢ R. L. SiomaN, Physiological and Biochemical Aspects of Nervous
Integration (Ed. F. D. CarLson; Prentice-Hall, Englewood Cliffs,
N.J. 1968).

? R. L. Sioman, P. W, LaNe and M. M. Dickig, Science 737, 610
(1962).

8 C. H. Yoon, Neurology 22, 743 (1972).

 Z. Rezar and C. H. Yoon, Dev. Biol. 29, 17 (1972).

10 P. Raxkrc and R. L. Sipmax, Proc. natn. Acad. Sci. 70, 240 (1973).
11 8. C. Laxors, J. Cell Biol. 57, 782 (1973).

12 R. L. S1pMAN, J. B. ANGEVINE and E. T. P1ERCE, A#las of the Mouse
Brain and Spinal Cord {(Harvard University Press, Cambridge
1971).



