Hepatic Microsomes and
Drug Oxidation

The role of hepatic microsomes in
drug and steroid metabolism was the
subject of a conference held at the
National Library of Medicine, Bethes-
da, Maryland, 16-17 February 1968. A
group of 49 scientists attended.

Albert Claude described studies car-
ried out in the late 1930’s which led to
the isolation and characterization of
microsomes, demonstrating with pic-
tures of centrifuged liver cells the pres-
ence of a membranous phase which is
now identified with the endoplasmic
reticulum (E.R.). Turning his attention
next to recent studies on the relation
of the E.R. to other cellular constitu-
ents, Claude presented electron micro-
scopic pictures giving a direct demon-
stration of smooth E.R. arising from
rough E.R., and illustrating the encap-
sulation of mitochondria and peroxi-
somes by lamellar or tubular extension
of smooth E.R. and the reconstitution
of postmitotic nuclear envelope from
segments of rough E.R. A series of
electron micrographs demonstrated also
the appearance, in regions of rough

E.R., smooth E.R. junctions of small

lipoprotein granules and their progress
through smooth E.R. in Golgi-like pro-
files and vesicles. These different ob-
servations suggested that the various
types of membranes, that is, smooth
E.R., peroxisome envelopes, and the
Golgi membranes, may arise from and
be part of the rough E.R. system. A dis-
cussion of the morphological characteri-
zation of the E.R. and its relation to
what the biochemist terms microsomes
was continued in the presentation by
G. Palade. Discussing the ubiquitous
nature of the E.R. in eucaryotic cells
and its role in establishing compart-
ments within the cell, Palade directed
his attention to the vectoral properties
of membrane transport and the hypoth-
esis of the cisternal space for segrega-
tion. Demonstrating by electron micro-
scopic autoradiography the migration
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of newly synthesized protein (originat-
ing in the E.R.) to zymogen granules
of the pancreas, Palade convincingly
proposed the concept of E.R. compart-
ments for segregation of cellular con-
stituents. Turning his attention next to
the dynamic nature of the E.R., Palade
presented evidence that the half-life of
the microsomal membrane is relatively
short, that is, less than 3 days. Palade
reported that a similar half-life has now
been determined for the plasma mem-
brane as well as the nuclear envelope.
Pursuing the concept that the smooth
E.R. originates from the rough E.R.,
Palade showed results of earlier studies
with Siekevitz and Dallner on the de-
velopment of smooth E.R. in the livers
of newborn rats. The studies by Claude
and Palade laid the foundation for the
concept of a continuum of the E.R.
membrane complex. The eventual trans-
formation of this membrane system to
Golgi apparatus or vacuoles was also
indicated.

The distribution pattern of 12 en-
zyme activities, as well as RNA, phos-
pholipid and cholesterol, upon isopycnic
centrifugation of the microsomal frac-
tion of liver was discussed by J. Berthet.
The ability to resolve the “microsomal
fraction” of liver into four subgroups,
each distinguished by a chemical or
enzyme marker, now establishes the
groundwork for a detailed examination
of membrane transformation.

Attention was next directed to the
role of the endoplasmic reticulum in
the expression of genetic information
in a paper presented by H. Pitot. The
concept of a membron was used to
describe the stabilization of a membrane-
bound template RNA operon. The con-
cept was supported by the demonstra-
tion of an RNA fraction which, in
smooth E.R., has a high guanine-
cytosine content. In addition the dem-
onstration of a DNA-like RNA present
in membranes of the rough E.R. was
suggested as a possible source of in-
formation for binding of polysomes.
This session concluded with a presenta-

tion by J. Fouts on the various patterns
of drug metabolism observed with sub-
fractions of hepatic microsomes. The
ability to separate by density gradient
centrifugation two major fractions, one
predominantly arising from smooth
E.R. and the other from RNA-rich
rough E.R., permits the direct dem-
onstration of heterogeneity of en-
zyme activities associated with “mi-
crosomes.” Exposure of animals to
inducing agents, such as phenobarbital
(PB) or chlordane-like materials,
causes a preferential increase in several
drug-metabolizing enzyme activities in
the smooth-surfaced microsomes. How-
ever, treatment of animals with 3-
methylcholanthrene (3-MC) had the
opposite effect; drug-metabolizing en-
zymes which are normally highly con-
centrated in smooth-surfaced micro-
somes are more evenly distributed
between the two types of microsomes
after 3-MC treatment.

R. Estabrook described experiments
to determine the spectral and fluoro-
metric properties of microsomal flavo-
proteins, indicating the failure to ob-
serve by steady-state studies distinct
additive contributions by NADH-
cytochrome b, reductase and NADPH-
cytochrome c reductase. The conclu-
sion that interactions at the level of
flavoproteins might exist was suggested.
In addition Estabrook described recent
studies employing mixtures of NADH
and NADPH for support of the enzy-
matic demethylation of aminopyrine.
The demonstration that NADH was as
competent as NADPH as a source of
reducing equivalents for this type of
mixed function oxidation reaction
raises the possible consideration of cy-
tochrome b; as a component of the
enzyme complex. R. Sato described the
spectral properties of a preparation of
purified cytochrome P-450 obtained by
digesting liver microsomes suspended
in 25 percent glycerol with the bac-
terial protease nargarse. In addition
Sato presented data on the chemical
properties of “native cytochrome b,”
obtained by treatment of microsomes
with deoxycholate and Triton X-100.
The cytochrome b, purified in this
manner, without exposure to proteo-
lytic enzymes, is present as an aggre-
gate of molecular weight 120,000 until
exposed to 4.5SM urea, when it disso-
ciates into monomers of molecular
weight 25,000. Treatment of the puri-
fied “native” cytochrome b, with trypsin
yields a preparation of ‘“degraded”
cytochrome b; which is indistinguish-
able (molecular weight 11,500) from
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that obtained by the direct proteolysis
of microsomes. Sato concluded that
“native” cytochrome b, contains a
hydrophobic center, essential for its
binding to the microsomal membrane
and susceptible to loss when cytochrome
b, is purified by proteolytic digestion.

J. Gillette directed attention to the
postulated role of cytochrome P-450
in azo reductase and nitro reductase
activity of liver microsomes. The effects
of treatment of animals with inducing
agents, or carbon tetrachloride, varia-
tion with sex or species, as well as inhi-
bition of nitro reductase by substrates of
microsomal mixed function oxidation
reactions, supported the hypothesis of
a role for cytochrome P-450 in the
metabolism of p-nitrobenzoate and
neoprontosil. Gillette also described
experiments relating the rate of cyto-
chrome P-450 reduction by NADPH
with the overall rate of demethylation
of ethylmorphine. He concluded that
the step limiting the rate in the oxi-
dation of drugs may be the reduction
of a substrate-cytochrome P-450 com-
plex.

M. J. Coon described the isolation
from liver microsomes of three compo-
nents—a reductase fraction dependent
on NADPH; a fraction containing cyto-
chrome P-450; and a heat-stable, or-
ganic solvent extractable fraction. All
components are required for the recon-
stitution of omega oxidation of lauric
acid. These studies represent the first
report of the resolution of a microsomal
mixed function oxidation reaction in
which cytochrome P-450 is functional.
Purification was achieved by treating
microsomes with deoxycholate in the
presence of glycerol, sucrose, citrate,
potassium chloride, and dithiothreitol,
and fractionation on DEAE-cellulose.
The relation of the microsomal enzyme
system to that isolated from bacteria
was pointed out by J. Peterson. D.
Ziegler then described the isolation and
40-fold purification of a flavoprotein
from pork liver microsomes functional
in tertiary amine oxidation for the
formation of N oxide product. The
broad specificity for substrates, for ex-
ample, tranquilizers, tropine alkaloids,
narcotics, and hallucinogens, was docu-
mented by Zeigler for this microsomal
oxidation reaction system in which
cytochrome P-450 does not participate.

Hj. Staudinger described results with
a variety of model systems, in order to
differentiate three general mechanisms
of considering “activated oxygen.” The
role of OH-radicals, an oxene mecha-
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nism, or hydroxylation by peracids (by
OH*), was evaluated in terms of cur-
rent information on microsomal mono-
oxygenase reactions. Staudinger con-
cluded that “active oxygen” must be an
electrophilic oxygen species with six
electrons. S. Udenfriend discussed the
significance of the “NIH shift” with
respect to liver microsome hydroxyla-
tions. The intramolecular migration of
a methyl group, halogen, deuterium, or
tritium during hydroxylation of aro-
matic compounds permits the design of
a variety of experiments to determine
the multiplicity of microsomal hydrox-
ylases.

S. Orrenius described recent experi-
ments on the influence of PB treatment
on the metabolism of steroids by liver
microsomes. Using radioactive labeling
of phospholipids as an indicator of E.R.
synthesis, Orrenius proposed a time-
table for the changes observed during
induction of liver microsomes by bar-
biturates. The initial reaction between
0 to 3 hours after treatment of animals
is a binding of the drug to the E.R.
followed at 3 to 6 hours by an increase
in phospholipid turnover. Concomitant
with this change is an increase in the
content of rough E.R. enzymes (4 to
6 hours) after which there is a detecta-
ble increase in the nuclear RNA poly-
merase (8 to 12 hours). Longer term
effects are related to the increase in the
enzyme content of the smooth E.R. (10
to 24 hours) and a decrease in the rate
of breakdown of the E.R. (12 to 24
hours). Orrenius suggested that drug
induction is a consequence of an altera-
tion in the steroid balance of the ani-
‘mal, since drugs and steroids are com-
petitive inhibitors. This concept was
supported by studies with adrenalec-
tomized and castrated animals.

A. Conney then discussed the ques-
tion of the presence of a single enzyme
system or multiple enzymes in liver
microsomes for steroid hydroxylation.
Alterations in the pattern of 68-, 7a-,
and 16a-hydroxylation of testosterone
during the development of rats, as well
as differential effects on enzyme activity
by chlorothion, led Conney to conclude
that separate rate-limiting components
participate in the hydroxylation of
testosterone, and that one or more CO-
sensitive cytochromes (P-450) function
in these hydroxylation reactions. Fol-
lowing the theme of the presence of
multiple enzymes for hydroxylation in
liver microsomes, G. Mannering pre-
sented data on two-substrate kinetics
and the ability to detect, from the pH-
dependence of the ethyl isocyanide-
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induced spectral changes of cytochrome
P-450, the presence of a different reac-
tive form of cytochrome P-450 in liver
microsomes from animals treated with
3-MC. Studies of stability of micro-
somal pigments, changes in the pattern
of substrate interaction as determined
spectrophotometrically, and the influ-
ence of thioacetamide in causing a
marked decrease in some enzyme activi-
ties, led to the conclusion that different
forms of cytochrome P-450 might be
present in microsomes. Another dem-
onstration of this difference in various
forms of P-450 modified by inducing
agents was presented by R. Kuntzman,
who described subtle spectral shifts in
the location of the maximum of the CO
derivative of reduced P-450 in liver
microsomes from animals treated with
benzpyrene, that is, a displacement
from 450 nm to about 448 nm. H.
Remmer and A. Hildebrandt then pre-
sented studies directly demonstrating
spectral properties of the two forms of
cytochrome P-450 preferentially altered
by treatment of animals with barbitu-
rates or polycyclic hydrocarbons. The
ability to identify and characterize two
forms of cytochrome P-450 and assess
the content of each form (termed
P-450 and P-446) in microsomes from
various sources now opens the possi-
bility of resolving the complexity of
differences in enzyme activities which
have been observed with various species,
sex, age, or pretreatment of animals.
D. Nebert described studies showing
the increased incorporation of amino
acids in rat liver microsomes after treat-
ment of animals with PB and the rela-
tionship of this change to the increased
levels of messenger RNA. In contrast,
treatment with 3-MC causes an increase
in the rate of nuclear RNA synthesis
and the content of RNA in the nu-
cleus. Studies of polycyclic hydrocarbon
stimulation of benzpyrene hydroxylase
activity in tissue culture of embryonic
cells indicate that the inducer hydro-
carbon may be acting on mRNA trans-
lation, resulting in a feedback control
affecting an increased synthesis of nu-
clear RNA. Thus it is concluded that
inducing agents may exert their influ-
ence not only by causing an activation
of specific genes but also by affecting
the translation of mRNA. E. Bresnick
then discussed the activation of chro-
matin by 3-MC by ascertaining the
template efficacy of chromatin from
livers of animals treated with 3-MC.
Differences in nearest neighbor fre-
quency in the product of RNA poly-
merase suggest that 3-MC causes an
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activation of liver chromatin resulting
in an increased number of sites avail-
able for the transcription of RNA.

1. "Arias presented the results of a
series of double labeling experiments
designed to determine whether the in-
creased level of hepatic smooth E.R.,
observed after PB treatment of animals,
was a consequence of enhanced pro-
tein synthesis or decreased degradation
(stabilization) of membranes. The re-
sults indicate that smooth E.R. proteins
have considerably different turnover
rates and that PB enhances synthesis
of some microsomal proteins but not
all.

T. Omura then discussed his experi-
ments designed to establish that the

turnover of cytochrome b; was un- |

affected, whereas that of the flavopro-
tein NADPH-cytochrome c¢ reductase
of liver microsomes was affected upon

‘treating the animals with PB. Since PB

showed little effect on the incorporation
of radioactive amino acid into total
microsomal protein, Omura concluded
that the stimulation by PB seems to be
fairly specific. In addition PB was
shown to influence degradation of the
reductase and cytochrome b;, indicat-
ing that the increase in smooth E.R.
may be mostly attributed to a relatively
nonspecific prevention of breakdown of
microsomal protein components. H.
Marver then discussed studies describ-
ing the role of heme in the synthesis
and repression of microsomal protein.
Injection of 1 to 4 umole of heme per
100 gram body weight represses drug-
induced synthesis of aminolevulenic
synthestase as well as drug-induced
synthesis of cytochrome P-450.

During the general discussion at the
end of the meeting, J. Casida described
the role of cytochrome P-450 in the
metabolism of insecticides by flies
pointing out the similarities between the
liver microsomal hydroxylation system
of mammals and the parallel enzyme
system in insects. A. Conney concluded
the session by discussing some pre-
liminary studies relating the content of
benzpyrene hydroxylase in placentas
from women who were cigarette
smokers. The ability to directly demon-
strate this activity in smokers, but not
in nonsmokers, represents the first di-
rect evidence for a compensatory enzy-
matic mechanism by humans to detoxify
carcinogenic polycyclic hydrocarbons
present in cigarette smoke.

The meeting. was sponsored by the
Committee on Applications of Bio-
chemical Studies in Evaluating Drug

Toxicity, Drug Research Board, Na- |
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tional Academy of Sciences—National
Research Council, and the National In-
stitute of General Medical Sciences,
National Institutes of Health. It is
anticipated that a complete report of
the formal presentations as well as dis-
cussions will be published in the near
future by Academic Press.

RoNALD W. ESTABROOK
Johnson Research Foundation,
University of Pennsylvania,
Philadelphia
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