15, X. 1962

to muscle in the first minutes of flight is one that can be
oxidized anaerobically such as glucose. Later, a fuel such
as the UFA, which must be oxidized aerobically, which is
of high calorific value, and which is available in relatively
unlimited quantity, comes into its own when the respi-
ratory and circulatory systems are delivering more oxygen
to the tissues.

Résumé. Lorsque 'organisme est mis brusquement dans
une situation exigeant de promptes réactions, une dé-

Inhibition of Pentobarbital and Meprobamate
Metabolism by some ‘Inducers’ of Drug-Meta-~
bolizing Enzymes

Recently, a varicty of ‘prolonging agents’, which en-
hance drug action by virtue of their ability to inhibit drug
biotransformation, have been reported.

For example, SKF 535 A (2-diethylaminoethyl-diphenyl-
propyl-acetate) Lilly 18 947, (N, N-diethyl-N-2-phenyl-4, 6-
dichlorophenoxy-ethylamine) iproniazid and N-ethyl-3-
piperidyldiphenylacetate, owe their prolonging action to
nonspecific inhibition of some microsomal drug-metabol-
izing enzymes1:2,

On the other hand, drugs, such as phenobarbital,
phenaglycodol, glutethimide, chlorcyclizine, phenylbuta-
zone, aminopyrine, zoxazolamine, meprobamate, chlor-
promazine, nikethamide, chloretone, if injected 12-24 h
in advance, induce an increase activity of some micro-
somal drug-metabolizing enzymes3-11.

The hypothesis arises that some of the above men-
tioned drugs inducing a late increase of activity of
drug-metabolizing enzymes, have an immediate block-
ing action on the same enzyme systems.

Male rats of the Sprague-Dawley strain, weighing about
60 g were used.

The enzyme activities were determined by measuring
the amount of metabolized drugs during an incubation of
1 h with liver microsome-containing supernatant as de-
scribed previously.

Concentrations of pentobarbital and meprobamate
were determined according to the methods of BRoODIE et
al., and HorFMANN and Lupwig, respectively 12:13,

In every case, the possibility of an interference in the
determinations of pentobarbital and meprobamate con-
centrations by the inhibitors and their metabolites was
excluded.

The concentrations of inhibitors which produce 50%
inhibition of pentobarbital and meprobamate metabolism
is shown in the Table.

Concentration of SKF 525 Al and Lilly 1894714 pro-
ducing 509 inhibition were also given, because they can
induce the microsomal drug-metabolizing enzymes?s.

Chlorcyclizine had the most potent inhibitory action
which is almost of the same potency as that of SKF 525 A
and about 2 times more potent than that of Lilly 18947.

Glutethimide was potent not only in the metabolism of
pentobarbital, but also in the meprobamate metabolism.
These facts suggest that glutethimide inhibits pento-
barbital metabolism not only by virtue of the similarity of
its chemical structure to pentobarbital.

Phenobarbital which has the most potent inducing
action of the microsomal drug-metabolizing enzymes,
shows however, a weak inhibitory action on the me-
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charge sympathique cause immédiatement une importante
élévation du glucose sanguin alors qu'il n'y a tout au plus
qu'une légére augmentation des acides gras non-estérifiés
du plasma. Une augmentation plus durable de ces acides
gras non-estérifiés suit le retour & la normale du glucose
sanguin.

P. A Maves

Division of Biockemistry, Department of Physiology, Royal
Vetevinary College, London (England), May 28, 1962.

Inhibition of pentobarbital and meprobamate metabolism by some
inducing-drugs of the microsomal drug-metabolizing enzymes

Inhibitors Concentrations producing 50%
inhibition (Mol)
Metabolism Metabolism
of pentobarbital of meprobamate
1 Chlorcyclizine 2.0 x 108 1.4 x10™*
2 Glutethimide 8.8 x 10~ 6.5 x 1073
3 Phenaglycodol 1.2 x 104 9.3 x107%
4 Phenobarbital o 4.2 x1071
5 Chlorpromazine 1.6 x 10 2.3 x107¢
6 Zoxazolamine 1.8 x 1074 2.3 x 1074
7 Chloretone 1.9 x 104 2.2 x107%
8 Phenylbutazone —— 8.9 x 1071
9 Nikethamide 5.2 x 104 7.8 %1074
10 Aminopyrine 9.6 x 10™* 7.2 x 1072
11 SKF525 A 1.7 x 10™3 1.5 x107%
12 Lilly 18947 4.4 x10™% 5.2 x 1078

The incubation mixture (5.0 ml) contained 2 ml of the microsome-
containing supernatant {(obtained by centrifugation at 8500 g for
15 min}), 0.1 ml of 20 pmole glucose-G-phosphate, 0.4 umole TPN
50 pmole nicotinamide and 75 pmole MgCl, and 1M KCl, and more
2.3 ml of 0.1 M sodium phosphate buffer pH 7.4 and 0.2 ml of the
substrates (final concentration were 2 x 104 Mol x} and 0.1 ml of
inhibitors. Phenobarbital and phenylbutazone interfered with deter-
mination of pentobarbital concentration.

1 B. B. BrobIEg, J. Pharm. Pharmacol, 8, 1 (1956).

2 J. M. Fujwmoro, K. B. PEarcE, and G. L. Praa, J. Pharm. exp.
Therap, 129, 139 (1960).

3 H. REMMER, Arch. exp. Path, Pharmak. 237, 296 (1959).

4 R. KaTo, Atti Soc. Lombarda Sci. Med. Biol, 14, 777 (1959).

3 R. Karo, Med. Exp. 3, 95 (1960).

8 R. Karo, E. CuiEsara, and P. VassaNgLLI, Atti Accad. Med.
Lombarda 13, 443 (1960).

7 R. Karo, K. Cuigsara, and G, FronTiNo, Jap. J. Pharmacol. 14,
31 (1960).

8 R. Karto and E. Cuigsara, Brit, J. Pharmacol. 18, 29 {(1962).

® R. Karo, P. VassanerLy, and E. Criesara, Biochem. Pharmacol.
11,211 (1962).

10 A, H.ConnEgy, C. Davison, R. GastEL, and J. J. Burxns, J. Pharm.
exp. Therap. 131, 1 (1960).

i1 A, H. Coxnev, I. A. Micaagrson, and J. J. Burns, J. Pharm. exp.
Therap. 132, 202 (1961).

12 B. B. Brobig, J. J. Burns, L. C. Mark, P. A. Lier, E. BERNSTEIN,
and E. M. PaprpER, J. Pharm. exp. Therap, 109, 26 (1958).

13 A. J. HorFmany and B. J. Lupwic, J. Amer, pharm. Assoc. 6§,
740 (1959).

1 SKF 525 A and Lilly 18947 were kindly supplied by Dr. H. E.
DueLL (Smith Kleine and French Lab., USA) and Dr. J. A.
Lewgury (The Lilly Research Lab., USA). Also zoxazolamine was
kindly supplied by Dr. E. L: Nowickr (McNeil Lab., USA).

15 R, Kato, E. Cuiesara, and P. Vassanerrl, Med. Exp., 6, 254
(1962).



454

probamate metabolism. On the other hand, SKF 525 A
and Lilly 18947 have a weak inducing action as recently
reported by us, though they have a potent inhibitory
action 5.

These results suggest that most of the inducing drugs
have an inhibitory action on the drug metabolism, but
that there is no direct relation between the level of
the immediate inhibition and that of the late induction
of increased activity of the drug-metabolizing enzymes.

These results also suggest that the inducing and inhibi-
tory drugs have some similar affinities to the liver micro-
somes and this inhibitory action of the inducing drugs
might be the factor responsible for producing an increase
of de novo biosynthesis of the microsomal drug-metaboliz-
ing enzymes. But further studies on the relationship be-
tween the inducing action and inhibitory action of
numerous compounds are necessary to clear up the
mechanism of the induction.

These results are also of practical importance in the case
of an evaluation of combined effects of two drugs. For ex-
ample, chlorcyclizine, glutethimide, and phenaglycocol
et al. prolong pentobarbital action not only due to syner-

Zur Pathogenese des Urimiesyndroms?®.
Brenztraubensiure, Acetoin und 2,3-Butylen-
glykol in Blut von Patienten mit Nieren- und

Leberkrankheiten?

Blut-Brenztraubensiurewerte werden bei hepatischen
Bewusstseinsstérungen hiufig, bei urimischen Bewusst-
seinsstérungen gelegentlich erhéht gefunden?®%. Vermut-
lich besteht bei diesen Patienten eine Stérung des oxyda-
tiven Brenzitraubensiureabbaus zu aktiver Essigsiure.
Es interessierte uns deshalb, ob Brenziraubensiure (BTS)
bei Patienten mit urdmischen und hepatischen Bewusst-
seinsstérungen vermehrt in Acetoin (Acetylmethyl-
carbinol: AMC) und 2, 3-Butylenglykol (Butandiol-(2,3):
BD) umgewandelt wird. Beide Substanzen wirken am
Tier narkotisch. Es wire deshalb mdaglich, dass AMC und
BD in der Pathogenese urdmischer und hepatischer Be-
wusstseinsstorungen eine Rolle spielen.

In der vorliegenden Arbeit wird iiber die Bestimmung
von BTS, AMC und BD im Blut von Gesunden und von
Nieren- bzw. Leberpatienten mit und ohne Bewusstseins-
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gisms by their action, but also by n wive inhibition of
pentobarbital metabolism %,

Riassunto. Gliautori hanno dimostrato che alcunifar-
maci (p.e.laclorciclizina, la glutetimide, il fenaglicodolo,
il fenobarbital, l1a clorpromazina, il cloretone ed altri),
che posseggono una tardiva attivitd «inducente» di
stimolo su'enzimi microsomici epatici, attivi nel meta-
bolismo di svariati farmaci, determinano invece una
inibizione degli enzimi stessi quando vengano fatti agire
direttamente.

R. Karto??, P. Vassanerrl, and E, CHIESARA

Istituto di Farmacologia, Universita di Milane (Italy),
April 30, 71962,

8 R, Kato, E. CHigsara, and P. VassaneLLl, in preparation.

17 Present address: Laboratory of Chemical Pharmacology, National
Heart Institute, National Institute of Health, Bethesda (Md,,
U.S.A.); to whom reguires concerning this paper should be ad-
dressed.

storung berichtet. Die Untersuchungen wurden an 65
gesunden Kontrollen, 90 Nieren- und 39 Leberkranken
durchgefiithrt. BTS wurde 218mal, AMC 297mal und BD
287mal bestimmt. Ausserdem wurden bei 28 Patienten
mit Nieren-, Leber- und andern Affektionen BTS, AMC
und BD gleichzeitig in Blut und Liquor gemessen und mit-
einander verglichen. BTS wurde nach FRIEDEMANN und
HavceN, AMC und BD nach einer Modifikation der Me-
thoden von WESTERFELD und von HarpPoLD und SPENCER
bestimmt. Der Bewusstseinszustand der Patienten wurde

-
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Tab. I. Brenztraubensiure, Acetoin und 2, 3-Butylenglykol im Blut von Gesunden; Nieren- und Leberpatienten mit und ohne Bewusstseins-
stérungen. {(N): Anzahl der Bestimmungen. R1-R4, HI-H4: Stadium des Bewusstseins

Brenziraubensaure Acetoin 2,3-Butylenglykol
mg% (N)  Signifikanz Y% (N}  Signifikanz Y% (N)  Signifikanz
Mittel- C R1 Mittel- C R1 Mittel- C R1
wert wert wert
Gesunde Kontrollen (C) 1,11 {51} 19 (75) 117 (78)
Nierenpatienten (R) (117) (156) (151)
R1 1,01 (76) p<c0,10 — 12 (92) p<0,05 — 228 (89) p<C0,001 —
R2 1,18 (32) p<0,50 p<0,05 16 (47) p<C0,001 $<0,005 394  (46) p<C0,001 p<C0,001
R3 1,09 (3) p<C0,95  p<0,70 31 (11} p<0,001  p<C0,001 335 {10) $<C0,001 H<C0,05
R4 1,94 8 — $<<0,001 22 6 — 351 6y — —
Siguifikanz Signifikanz Signifikanz
C Hi1 C H1 C H1
Leberpatienten (H) (50) (66) (63)
H1 1,25 (29) p<<0,10 — 17 (37) $=<C0,01 — 300 (86) p<C0,001 -
H2 2,06 {8) p<C0,001 p<C0,005 21 (8) $<C0,001 $<C0,60 266 (8) p<C0,001 p<<0,80
H3 2,64 {10} H<CO,001  $<C0,001 130 (11) p<<D,001  p<<0,01 2BU0 (11) H<C0,001  H<C0,001
H4 2,49 3 — — 140 (10} — — 3240 8 — -




