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cholinesterase inhibitor tetraisopropylpyrophosphoramide
had no effect on the activity of the 6.0S enzyme. A similar
confirmation of the 5.0S peak as CAT was not possible.
The CAT of Limulus has been shown to be relatively
insensitive to the only readily available specific inhibitors
of CAT, the styrylpyridines [1, 20]. Even though a phar-
macological confirmation of CAT was not possible, the
5.08S peak represents the majority of the ACh-synthesizing
activity present in this tissue. Therefore, the CAT activity
is essentially confined within the 5.0S peak, although its
homogeneity is uncertain.

The sedimentation profiles of AChE and CAT clearly
show the separation of these two enzymes from the solu-
bilized toxin binding proteins. Additionally, aBGT
exhibited no detectable effect on Ch uptake. Therefore,
the results of this study suggest that «BGT does not interact
with AChE, CAT or the site of Ch uptake in the CNS of
Limulus. These findings are consonant with the specific
binding of aBGT to an AChR in Limulus.
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Microsomal peroxidase activities—effect of cumene hydroperoxide on the pyridine
nucleotide reduced cytochrome bs steady state

(Received 4 October 1979; accepted 14 December 1979)

The oxidation of cytochrome bs during lipid peroxidation
was noted by Bidlack et al. {1], who suggested the presence
of a hydroperoxide peroxidase in hepatic microsomes.
Hrycay and O’Brien [2, 3] and Bidlack and Hochstein [4]
characterized the microsomal peroxidase activities, using
either NADPH or NADH as reducing equivalents and
cumene hydroperoxide as the lipophilic substrate. Most
authors now agree that the hepatic mixed function oxy-
genase serves, at least in part, as the microsomal peroxi-
dase, reducing the lipophilic hydroperoxides to alcohols
over cytochrome P-450 [5-9]. Cytochrome bs, on the other
hand, has been implicated only in the transfer of electrons
to the NADH mediated peroxidase activity [5-7]. However,
immediate oxidation of reduced (NADPH or NADH)
cytochrome bs occurs upon addition of cumene hydroper-
oxide [8,9]. Similarly, using perfused livers and isolated
hepatocytes, Sies and Grosskopf {10] reported that the
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cellular cytochrome bs was oxidized upon addition of
cumene hydroperoxide.

The central role of cytochrome bs in NADH-dependent
electron transfer has been examined in cytochrome ¢
reductase [11], in stearyl CoA desaturase [12-14], in drug
metabolism [15, 16}, and in the peroxidase [5-7] activities.
However, a more detailed knowledge of the redox state
of cytochrome bs in the intact microsomal system may
clarify the electron transfer through these various pathways.
An initial examination of the effect of cumene hydroper-
oxide on the NADPH and NADH redox state of cyto-
chrome bs in microsomes is presented.

Methods

Animal pretreatment. Male Sprague-Dawley rats (ca.
250 g) were maintained on Purina Rat Chow. Animals
receiving phenobarbital pretreatment were given pheno-
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phenobarbital-treated microsomes. Microsomes (0.5 mg) were suspended in 1.0 m! Tris (25 mM)-KCl
(150 mM) buffer, pH 7.5. The reaction system contained NADPH, NADH or NADPH + NADH
(70 uM) and cumene hydroperoxide (100 uM) where indicated. Redox changes in cytochrome bs were
recorded at 424-409 nm for the pyridine nucleotides alone (curves 1, 3 and 5, respectively) and in the
presence of cumene hydroperoxide (curves 2, 4 and 6, respectively). Key: panel A, control microsomes;

and panel B, phenobarbital microsomes.
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Microsome preparation. The microsomal membrane frac-

tion wag nrenared hv the method degeribad nraviausly 1171
tion was prepared by the method described previously [17),

rinsed, resuspended in Tris (25 mM)-KCl (150 mM) buffer,
pH 7.5, and recentrifuged at 105,000 g for 30 min. Protein
was determined by the method of Lowry et al. [18].

Cytochrome bs redox analysis. Microsomes (0.5 mg) were
suspended in 1 mi of Tris (25 mM}-KCl (150 mM) buffer,
pH 7.5. Pyridine nucleotides (NADPH, NADH or both)
were added at the concentrations indicated. Cumene
hydroperoxide was added, and the resulting spectral
changes were recorded for 10min on an Aminco DW-2
spectrophotometer setin the dual wavelength mode (424 nm
maximum and 409 nm minimum). All reactions were car-
ried out at 30°,

Results and discussion

Microsomal cytochrome bs was reduced very rapidly by
either NADPH or NADH. The steady state reduction of
cytochrome bs was greater with NADH than with NADPH,
but both nucleotides maintained their steady state reduction
of cytochrome bs in excess of the 10-min reaction period
recorded (Fig. 1, panels A and B). Immediate oxidation
of the cytochrome occurred upon addition of cumene
hydroperoxide (CHP). Initially, the NADPH reduced
cytochrome sysiem was oxidized {0 a much greater extent
than the NADH mediated system. However, the NADH
reduced cytochrome became totally oxidized, while the

NADPH mediated system was slowly re-reduced, In the
presence of both pyridine nucleotides, cumene hydroper-
oxide (CHP} altered the NADH redox state first, oxidizing
the cytochrome to the NADPH steady state (Fig. 1A). In
microsomes isolated from phenobarbital-pretreated ani-
mals (Fig. 1B}, the cytochrome bs changes occurred at a
much faster rate in response to CHP addition. The NADPH
reduced cytochrome was oxidized immediately, but with
time the cytochrome slowly became re-reduced to the initial
NADPH steady state. Initially, the NADH reduced cyto-

chrome was oxidized less by the hydroperoxide, but within
1 min cytochrome bs became completely oxidized. In the
presence of both NADPH and NADH, the initial oxidation
by CHP paralleled the NADH redox changes, but upon
further oxidation the cytochrome appeared to be main-

tained at the NADPH reduced steady state.

Phenobarbitai microsomes were used io evaluate the
effects of pyridine nucleotide concentration on the cyto-
chrome bs redox changes. As might be expected, the

reduced state of the cvtochrome in the presence of CHP
requced state Of the cytochrome 1n the presence Of L

(100 uM) was not maintained at the lower concentrations
(50 uM) of NADPH and NADH. But with increased con-
centrations (100 uM and 150 uM) of the pyridine nucleo-
tides (Fig. 2, panels A and B), the steady state reduction
of cytochrome bs was maintained for greater periods of
time. Interestingly, when NADPH and NADH were com-
bined at various concentrations (Fig. 2C), CHP appeared
to oxidize the NADH system first. The NADPH may have
been spared, since the reduced cytochrome bs was main-
tained at a steady state level, similar to that produced by
NADPH, but for an extended period of time (Fig. 2A).
If the NADH was preferentially utilized in the metabolism
of the hvdroneroxide, then NADPH would not only have
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been spared, but the concentration of CHP remaining
would also be much lower (Fig. 2, line 4 vs line 1). Thus,
NADPH could maintain its steady state more effectively
for an extended period of time.

The effect of CHP concentration on these cytochrome
redox changes was also evaluated {Fig. 3). Again, as might
be predicted, the reduced cytochrome was oxidized more
completely as the CHP concentration was increased (Fig.
3, panels A and B). In the presence of both NADPH and
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dized to the NADPH steady state, suggesting further that
NADH was preferentially used in CHP metabolism.

Jansson and Schenkman [19] have reported redox
changes in cytochrome bs using a variety of substrates,
including aniline, aminopyrine, stearyl CoA and iron—-pyro-
phosphate complexes. These authors, however, used low
concentrations of pyridine nucleotides and evaluated the
redox changes only in control microsomes. Thus, the
observed redox changes of cytochrome bs produced by
cumene hydroperoxide add to their findings and suppie-
ment the consideration of the central role of cytochrome
bs in electron transfer.

The most unique aspect of the microsomal experiments
reported was the effect cumene hydroperoxide had on the
cytochrome bs redox state in the presence of both pyridine
nucleotides, NADPH and NADH. The NADH reduced
cytochrome bs steady state always underwent a redox
change, which was compensated for by a return of the
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Fig. 2. Effect of pyridine nucleotide concentration on
cumene hydroperoxide oxidation of cytochrome bs. Pheno-
barbital-treated microsomes (0.5 mg) were suspended in
Tris (25 mM)-KCl (150 mM) buffer, pH 7.5. Pyridine
nucleotides were added at the concentrations indicated,
and the redox changes were initiated by addition of cumene
hydroperoxide (100 uM). Panel A, NADPH addition at
(1) 50 uM, (2) 100 uM and (3) 200 uM; panel B, NADH
addition at (1) 50 uM, (2) 100 pM and (3) 200 uM; and
panel C, addition of both NADPH + NADH at (4)
50 uM + 50 uM;(5)50 uM + 100 £M;(6) 100 uM + 50 uM;
and (7) 100 uM + 100 uM, respectively.

reduced cytochrome to the NADPH steady state. These
results suggest a preferential utilization of NADH with the
sparing of NADPH.

The microsomal proteins involved with the electron
transfer through cytochrome bs, and which may be involved
in the microsomal peroxidase activities, may be character-
ized by the following simple model:

NADPH - Fp'¥ Cytochrome P-450

\\‘IU I (1
NADH - Fp q Cytochrome b,

ROOH
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Fig. 3. Effect of cumene hydroperoxide concentration on
the pyridine nucleotide reduced cytochrome bs. Pheno-~
barbital-treated microsomes (0.5 mg) were suspended in
Tris 25mM)}-KCl (150 mM) buffer, pH 7.5. Redox
changes in pyridine nucleotide (100 M) reduced cyto-
chrome bs were initiated by addition of cumene hydrope-
roxide at various concentrations: {1) 50 uM, (2) 100 uM
and (3) 150 uM. Panel A, NADPH,; panel B, NADH; or
panel C, NADPH + NADH.

The rate of transfer of reducing equivalents through each
of the numbered pathways may provide a tentative expla-
nation for the observed redox changes. The efficiency of
the NADH flavoprotein (1) in reducing cytochrome bs is
greater than for the NADPH (II) reduction of the cyto-
chrome [19,20]. To account for the observed redox
changes, the electron transfer from cytochrome bs to cyto-
chrome P-450, acting as the peroxidase, must be similar to
the NADH reduction rate (pathways I =III), Since the
preferred pathway for transfer of NADPH reducing equi-
valents occurs directly to cytochrome P-450 (pathway IV),
the oxidation state of cytochrome bs may simply reflect the
redox state of cytochrome P-450 reductase. If the NADPH
mediated rate of CHP metabolism exceeded the rate of
electron transfer to cytochrome bs, then electron transfer
over pathway II would be diminished and cytochrome bs
would become oxidized.
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Indeed, the preferential utilization of NADH would be
expected in part since the rate of the NADH microsomal
peroxidase activity exceeds the NADPH mediated peroxi-
dase activity [2—4 8]. Then, as the CHP concentration
decreases (ca. 80 per cent CHP reduced in 3 min), the
remaining NADPH can re-reduce the cytochrome bs more
efficiently to its reduced state.

In addition, Werringloer and Estabrook [21] have
reported that the oxidation of NADH was increased in the
presence of NADPH, both in the presence and absence of
substrate. The oxidation appeared to be dependent on the
concentration of NADPH as well. This effect would also

increase the conversion of the NADH maintained reduced

cytochrome bs steady state to the NADPH reduced cyto-
chrome steady state in the presence of CHP.

Thus, cytochrome bs, reduced by either NADPH or
NADH, was oxidized in the presence of CHP. NADH
maintained the reduced steady state of cytochrome bs more
efficiently than did NADPH. Yet, in the presence of both
pyridine nucleotides, the hydroperoxide initially oxidized
the cytochrome to the NADH mediated steady state but
was then oxidized further to the NADPH reduced steady
state. From these redox changes, we conciude that NADH
was used either preferentially or at a faster rate, sparing

the NADPH which was then available to re-reduce cyto-
chrome b< to the NADPH gteadv state

carome Os 10 LIS ! L 011 Sicady siall.

More detailed experiments are in progress, quantitating
each of the pyridine nucleotides and the CHP with time.
These experiments should clarify the exact causes of the
redox changes observed and may improve our understand-
ing of the central role played by cytochrome bs in the
microsomal electron transfer reactions, especially to the
microsomal peroxidase activities.
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of morphine and methadone on the isolated perfused rat brain

(Received 8 September 1979; accepted 21 December 1979)

The variable results obtained previously [1-4] in studies in
rats of the effects of the administration of morphine on the
intermediary metabolites and energy reserves of brain tis-
sue may have resulted from differences in the techniques
of sampling brain tissue for analysis. We have studied the
direct effects of morphine and also methadone on the rat
cerebral cortex, using an isolated perfused rat brain prep-
aration [5]. With this intact brain preparation, there is no
interference from other organs, no anesthetic agent is used,

blood flow and blood gases are controlled, and reproducible
samples of cerebral cortex are very rapidly frozen for
analysis. We found that perfusion of this isolated brain
with fluid containing morphine (50 ug/ml) caused sig-
nificant decreases in the concentrations of ATP and creatine
phosphate and a significant increase in lactate. In contrast,
brains perfused with methadone (50 ug/ml) showed very

little change in brain metabolites, only a small decrease in
ATP, and an increase in lactate.

Methods

Preparation and perfusion of isolated brain. Unanes-
thetized male Sprague-Dawley rats (about 250 g) were
adequately anesthetized for surgery by deep hypothermia
{(rectal temperature 16-18°) induced as described previously
[6]. The isolated brain preparation, consisting of the
detached skull and its contents, was made from the hypo-
thermic rat without lapse of circulation and was perfused
through the internal carotid arteries as described previously
[5]- The perfusion fluid [7] contained the perfluoro com-
pound FC-80 (3M Co., St. Paul, MN) as an erythrocyte
substitute which was dispersed ultrasonically in an 8% (w/v)
solution of bovine albumin (fraction V powder, Sigma



