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SUMMARY ¢

Plasma membrane fractions from rat liver isolated by

diffFerant methods contain NADH- ferricyanide reductase and
NoDH-semidehydroascorbate reductase activities which are

too high to be due to contamination by mitochondria or
microsomes. Both enzymes are inhibited by insulin in a
concentration range of 30 to 70 MU insulin /ml down to 20%
residual activity. UWhile ferricvenide reductase returns to
near normal activity, semidehydroascorbate reductase inhibition
persists at higher insulin concentrations. Despite variations
in basal enzyme activities, deqree of inhibition and amount

of hormone needed for maximal effect, it can be consistently
gbserved. Inhibition of semidehydroascorbate reductase is
discussed in terms of the enzyme's function in regenerating
ascorbate as antioxidant and oxidant-like insulin effects.

It has been reported earlier that certain hormones influence
redox function in plasma membranes (1-5). In rat and mouse
liver as well as fat cell membranes NADH-indophenol reductase
is partly inhibited by insulin in physioclogical concentrations.
Under appropriate conditiops this effect can also be shoun
with ferricyanide or cytochrome c, but not molecular oxyqen,
which is relatively rapidly reduced by NADH in liver plasma
membranes (4,6,7). Since the dyes used including cytochrome c
are all artificial electron acceptors the question arises as
to whether the reduction aof a physiological acceptor is

also influenced by the hormone.

We have found significant activities of NADH-semidehydro-
ascorbate reductase (F.C. 1.6.5.4.)(B) in rat liver plasma
membranes obtained by two differamt methods (9,10) and
investigated the effect of insulin on this enzyme uwhich is
importamt for the regensration of ascorbate, one of the mast

powerful radical scavenners in the cell,
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Inhibition of this enzyme may lead to at least local
accumulation of free radicals in the vicinity of the membrane
and according secondary effects, like, i.e., oxidation of
sulfhydryl qroups in proteins with subsequsent activation or
deactivation of enzymes or transport molecules. A mechanism
of this type for insulin action has been proposed for fat
cells (5,11,12).

METHODS :

Plasma membranes from rat liver were isolated by the methods
of Yunghans and morré (9), with 0.5 mM CaCl_ in the homo-
genization medium (13)("nuclear" plasma memgrane) and Touster
& al (10)("microsomal” plasma membrane), respectively.

The 100 000xg pellet from the latter fractionation was used
as reference microsomal fraction. A mitochondrial fraction was
prepared as described by Morr® (14). Ffraction purity was
estimated by assay of appropriate marker enzymes, 5'-nucleo-
tidase (15) and alkaline phosphodiesterase (10) for plasma
mambrane, qlucosesﬁ-phosphatase (16) for endoplasmic reticulum
and succinate-INT -redutase (17) for mitochondria.
Dehydroascorbic acid was purified by recrystallization of
commercially available material from glacial acetic acid=HC1
(18), and NADH-semidehydroascorbate reductase was assaved
spectrophotometrically at 340 nm a2s described by Lumper & al
(19) in 50 mM Tris-HCl, pH 7.5. NADH-ferricyanide reductase
was assayed under the same conditions with 0.2 mM KZ(FB(CN)G)
and 80 pM NADH in a total volume of 1 ml.

I1nsulin (porcine, 24.% U/mo, from Lilly Corp.) was diluted

in buffer containing 1% bovine serum albumin and either
added to the assay cuvette together with the sample or
preincubated with the membranre in 10 mM Tris-HCl, pH 8.0,
containing 100 mM NaCl and a 100 pl aliguot added to the
assay mixture.

Protein was determined by the Bio-Rad dye binding assay (?0).

RESULTS

It can be seen from the data in table 1 that plasma
membrane fractions obtained by either method contain NADH-

dehydronenase and NADH-semidehydroascorbate reductase
activities not accountable far by microsomal or mitochondrial
contamination. The plasma membrane origin of the dehydrogenase
activity is further substantiated by its relative resistance

to inhibition by p-chloromercuribenzoate (75% and 85%
inhibition, respectively, in "nuclear" and "microsomal”

plasma membrane; in contrast tao 97% for microsomal dehydro-

agenase) (7).

§) Abbreviation: INT, 2-p-icdophenyl-3-p-nitrophenyl-5-ohenyl-
tetrazolium chloride.
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Both enzyme activities in both fraections are partly

inhibited by insulin at concentrations between 30 and 60 FU/ml.
If the insulin concentration is raised ( above 60-90 PU/ml),
ferricyanide reductase activity rises whereas semidehydro-
ascorbate reductase remains at low levels (Fig. 1). We also
ohserved complete inhibition in some experiments above 60 pU/ml,
but this is not always reproducible. In general, the inhibition
can be shouwun most reliably if the membrane is preincubated
with insulin for 5 to 10 minutes at room temperature (see
Methods). The data shown are sach from one experiment,

because the amount of insulin varies as well as the deqres

of inmhibition, but the effect itself is consistent.

In mitochondrial and microsomal fractions NADH-semidehydro-
ascorbate reductase is inhibited only 10-15%, NADH-ferricyanide

reductase is not inhibited at all by insulin.
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Figure 1

Influence of insulin on NADH-ferricyanide reductase {closed

symbols) and NADH-semidehydroascorbate reductase (open

symbols) in rat liver plasma membrane isolated according to

Yunghans & Morré (9) (circles) and Touster & al (10) (tri-

angles)., Data obtained after preincubation of membrane

samples with insulin at pH 8.0, assays at pH 7.5.

724



Vol. 94, No. 2, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

DISCUSSION :

The molecular mechanism of insulin action is virtually

unknown apart from the certain fact that it binds to the

cell membrane (21). Recently, based on experimental evidence
obtained in fat cells, two kinds of suggestions have been

made, O0One is direct influence of insulin on ATPase activity
and phosphorylation of membrane proteins and subsequently
mitochondrial pyruvate dehydrogenase (2?), the other is enzy-
matic generation of HZDQ which can act as a second messenger

of insulin action (5,12). 1In respect to the latter hypo-
thesis it is interesting that insulin inhibits NADH-dehydro-
genase in liver and fat cell msmbranss (2,3) as well as
erythrocyte membranes (23), but this has been discussed as
influence on eneray dependent proton pumping in the membrane
rather than asneration of a molecular second messenger.

We have fgound inhibition of NADH-semidehydroascorbate reductase
in liver plasma membrane, an enzyme which presumably acts in
regeneration of reduced ascorbate thereby restoring its
antioxidant function (8). The bulk of this enzyme in liver
is probably not localized in hepatocytes but in membranes of
other cell types (e.g., Kupffer cells, which have = strong
peroxide metabolism) (24), but a role of this enzyme in
protection of microsomal and oguter mitochondrial membranes

from lipid peroxidation has been suqgested (25). 1Inhibition of
NADH-semidehydroascorbate reductase in plasma membranes may lead
to anm increase in the concentration of free radicals which may
exert oxidative effects observed in insulin action (11).
Although the two different plasma membrane fractions are described
as being largely derived from different parts of the hepatocyte
surface havino different concentrations of hormone sensitive
adenylate cyclase (?6), we find no significant difference in the
observed insulin effect, which might be expected to be found
mainly in the sinusoidal front membrane, correspanding to the
"microsomal" plasma membranme fraction. This, of course, does
not exclude pelarity concerning the physiological significance

of our observation.
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