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SUMMARY

TAIRA, Y., P. GREENSPAN, G. F. KAPKE, J. A. REDICK AND J. BaRON. Effects of
phenobarbital, pregnenolone-16a-carbonitrile, and 3-methylcholanthrene pretreat-
ments on the distribution of NADPH-cytochrome ¢ (P-450) reductase within the
liver lobule. Mol. Pharmacol. 18: 304-312 (1980).

The effects of phenobarbital, pregnenolone-16a-carbonitrile, and 3-methylcholanthrene
pretreatments on the distribution of NADPH-cytochrome ¢ ( P-450) reductase (NADPH:
ferricytochrome oxidoreductase, EC 1.6.2.4) within the livers of male rats were investi-
gated employing sheep antiserum produced against rat hepatic microsomal NADPH-
cytochrome ¢ reductase in indirect fluorescent antibody and unlabeled antibody peroxi-
dase-antiperoxidase immunohistochemical staining techniques. In the livers of untreated
and vehicle-pretreated rats, the extent of binding of the antireductase to hepatocytes was
found to be similar within the centrilobular and midzonal regions of the lobule but
significantly lower within the periportal regions of the lobule. Pretreatment of rats for 4
days with 3-methylcholanthrene did not result in alterations in either the pattern or the
intensity of immunohistochemical staining for the reductase within the liver lobule. In
the livers of rats which had been pretreated for 4 days with phenobarbital, microfluoro-
metric analyses revealed a twofold increase in the extent of antireductase binding to
hepatocytes within all regions of the lobule. In contrast to the effects of phenobarbital,
pregnenolone-16a-carbonitrile markedly altered the pattern as well as the intensity of
immunohistochemical staining for NADPH-cytochrome ¢ (P-450) reductase within the
liver lobule. After 4 days of pregnenolone-16a-carbonitrile pretreatment, there was a
threefold increase in the extent of antireductase binding to hepatocytes within the
periportal regions of the lobule, while the extent of antireductase binding to centrilobular
and midzonal hepatocytes was increased by only 73 and 45%, respectively. Thus, in the
livers of pregnenolone-16a-carbonitrile-pretreated rats, the antireductase bound to a
similar extent to periportal and midzonal hepatocytes and to a significantly greater extent
to centrilobular hepatocytes. These results demonstrate that, although both phenobar-
bital and pregnenolone-16a-carbonitrile induce NADPH-cytochrome ¢ ( P-450) reductase
in hepatocytes throughout the liver lobule, phenobarbital appears to produce a uniform
induction of the reductase within the lobule, while pregnenolone-16a-carbonitrile induces
the reductase by significantly different extents within the three lobular regions.

INTRODUCTION
The stimulatory effects of a multitude of drugs, carcin-

This investigation was supported by USPHS Grant 12675 from the
National Institute of General Medical Sciences.

' Present address: Department of Pathology, Saga Medical School,
Saga 840-01, Japan.

? Present address: Department of Pathology, Wake Forest Univer-
sity, Bowman Gray School of Medicine, Winston-Salem, N.C. 27109.

* Recipient of Research Career Development Award 00091 from the
National Institute of Arthritis, Metabolism, and Digestive Diseases.
0026-895X/80/050304-09$02.00/0

Copyright © 1980 by The American Society for Pharmacology
and Experimental Therapeutics.

ogens, steroids, and other chemicals on hepatic micro-
somal xenobiotic monooxygenations have been the sub-
ject of numerous investigations. It is now well recognized
(1) that stimulation of hepatic microsomal monooxygen-
ase activities produced by the prior administration of
these substances results from an induction of the cyto-
chromes P-450 which catalyze the monooxygenation re-
actions and, in most cases, of NADPH-cytochrome ¢ (P-
450) reductase, the enzyme which mediates the NADPH-
dependent reduction of hepatic microsomal cytochromes
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P-450 (2). However, while PB* and PCN induce hepatic
microsomal NADPH-cytochrome ¢ (P-450) reductase (3-
6), and while PB, PCN, and MC induce various forms of
hepatic microsomal cytochrome P-450 (7-9) and stimu-
late the proliferation of smooth endoplasmic reticulum
in hepatocytes (3, 6, 10-15), the effects of these and other
xenobiotics on components of the microsomal monooxy-
genase enzyme systems within the different regions of
the liver lobule have not been fully elucidated. Since
highly reactive and toxic electrophilic metabolites are
often formed during the cytochromes P-450-catalyzed
monooxygenations of xenobiotics (16, 17), quantitative
and qualitative differences in the inductions of cyto-
chromes P-450 and NADPH-cytochrome ¢ (P-450) re-
ductase within the three regions of the liver lobule would
profoundly influence the formation of these toxic metab-
olites within the different lobular regions and, thus, the
location and severity of many types of xenobiotic-induced
hepatotoxicities.

Employing fluorescent histochemical techniques, Wat-
tenberg and Leong (18) demonstrated that MC produced
the greatest enhancement of polycyclic aromatic hydro-
carbon hydroxylation within the centrilobular regions of
the liver lobule. Subsequently, Koudstaal and Hardonk
(19) reported that histochemical staining for NADPH-
tetrazolium reductase activity was increased most greatly
within the centrilobular regions following the administra-
tion of PB to rats. More recently, Gooding et al. (20)
employed a microspectrophotometric method to dem-
onstrate that PB induces cytochrome P-450 to the great-
est extent within centrilobular cells in rat liver. These
findings are consistent with the observation that PB
stimulates the proliferation of endoplasmic reticulum to
the greatest extent within centrilobular hepatocytes (13,
15).

In an earlier study (21), we employed qualitative and
quantitative immunohistochemical techniques to dem-
onstrate that NADPH-cytochrome ¢ (P-450) reductase
exhibits a nonuniform pattern of distribution within the
lobule in the livers of untreated rats. In the present study,
these techniques have been used to investigate the re-
sponses of the reductase within the centrilobular, mid-
zonal, and periportal regions of the liver lobule following
the administration of PB and PCN, two chemicals which
induce the hepatic microsomal enzymes (3-6), and MC,
a xenobiotic which induces cytochrome P-450 but not
NADPH-cytochrome ¢ ( P-450) reductase (5, 22).

MATERIALS AND METHODS

Chemicals. Horse heart cytochrome c¢ (Type VI),
NADPH (Type III), nitroblue tetrazolium (Grade III),
trisodium isocitrate (Type I), isocitrate dehydrogenase
(Type IV), and MC were obtained from Sigmal Chemical
Company. Ethylmorphine hydrochloride and sodium PB
were purchased from Merck and Company, Inc. PCN
was generously provided by The Upjohn Company. 7-
Ethoxyresorufin was obtained from Pierce Chemical
Company, and resorufin was purchased from Pfaltz and

¢ Abbreviations used: PB, phenobarbital; MC, 3-methylcholan-
threne; PCN, pregnenolone-16a-carbonitrile.

Bauer, Inc. All other chemicals and biochemicals em-
ployed were of the highest purity available.

Animals and pretreatments. Male albino Holtzman
rats weighing 180-230 g were used in this study. Groups
of rats were treated for 4 days with either PB (40 mg/
kg/day, i.p., in saline), MC (20 mg/kg/day, i.p., in corn
oil), or PCN (40 mg/kg every 12 h, p.o., in a solution
containing 1 drop of Tween 80/10 ml water). Control rats
were administered appropriate volumes of vehicle. Rats
were fasted for 24 h prior to sacrifice by decapitation on
the fifth day after initiation of treatment, and a portion
of the median lobe was removed from each liver for
immunohistochemical and histochemical analyses. After
the remainder of each liver had been perfused with ice-
cold saline, microsomes were prepared employing previ-
ously described methods (23).

Immunohistochemical and histochemical procedures.
Details of the procedures for the immunohistochemical
localization of NADPH-cytochrome ¢ (P-450) reductase
in liver sections using the indirect fluorescent antibody
and the unlabeled antibody peroxidase-antiperoxidase
staining techniques and for the histochemical demonstra-
tion of NADPH-tetrazolium reductase activity have been
presented elsewhere (21). Following indirect fluorescent
antibody staining, measurements of the intensity of flu-
orescence emitted at 525 nm from 2.5 X 2.5-um areas on
serial tissue sections which had been exposed to sheep
antiserum to rat hepatic microsomal NADPH-cyto-
chrome ¢ reductase, normal (nonimmune) sheep serum,
and adsorbed sheep antireductase serum were obtained
and analyzed as described previously (21, 23, 24).

Analytical procedures. The NADPH-cytochrome c
reductase activity catalyzed by hepatic microsomes was
determined at 25°C as described previously (2, 23). The
contents of cytochrome P-450 in the microsomal prepa-
rations were determined from carbon monoxide-differ-
ence spectra employing an extinction coefficient of 91
mM~' cm™' (25). Protein was determined by the micro-
biuret method (26) using bovine serum albumin as the
standard.

The N-demethylation of ethylmorphine catalyzed by
hepatic microsomes was determined by measuring the
rate of formation of formaldehyde according to the
method of Nash (27) as modified by Cochin and Axelrod
(28). Incubations were performed in 25-ml Erlenmeyer
flasks in a shaking bath at 25°C. Each 7-ml reaction
mixture contained 14 mg of microsomal protein, 8 mMm
isocitrate, 8 mm ethylmorphine, 1 unit (0.28 mg) of iso-
citrate dehydrogenase, 150 mm KCl, 10 mm MgCl;, and
50 mm Tris-HCI buffer, pH 7.4. After a 3-min preincu-
bation, ethylmorphine N-demethylase activity was initi-
ated by the addition of 200 ym NADPH, and 1-ml aliquots
were removed every minute for the determination of
formaldehyde.

The O-deethylation of 7-ethoxyresorufin catalyzed by
hepatic microsomes prepared from corn oil- and MC-
pretreated rats was determined fluorometrically at 25°C
as described by Burke and Mayer (29). Each 2-ml reac-
tion mixture contained 50-500 ug of microsomal protein,
100 mM sodium-potassium phosphate buffer, pH 7.8, and
0.25 uMm 7-ethoxyresorufin. Changes in fluorescence were
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450) reductase in livers of untreated and PB-, PCN-, and MC-

thick sections of livers from an untreated rat (A) and from rats pretreated with PB (B), PCN (C),

F1G. 1. Immunohistochemical localization of NADPH-cytochrome c (P-

treated rats

The photomicrographs show areas in 5-um
and MC (D) which had been exposed to sheep antireductase serum in the unlabeled antibody peroxidase-antiperoxidase immunohistochemical

staining procedure. Central veins (V) and portal triads (P) are indicated in each photomicrograph. 93x.
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F1G6. 2. Effects of PB, PCN, and MC pretreatments on fluorescent immunohistochemical staining for NADPH-cytochrome ¢ (P-450)
reductase in the centrilobular (A-D), midzonal (E-H), and periportal (I-L) regions of rat liver

The photomicrographs in A, E, and I show regions in a 7-um-thick section of a liver from an untreated rat which had been exposed to sheep
antireductase serum in the indirect fluorescent antibody immunohistochemical staining procedure. The photomicrographs in B, F, and J show the
corresponding regions in a section of a liver from a PB-pretreated rat, those in C, G, and K show these regions in a section of a liver from a PCN-
pretreated rat, and those in D, H, and L are from a section of a liver from a MC-pretreated rat. The photomicrographs are of typical areas from
which the microfluorometric determinations presented in Table 1 and Fig. 4 were taken. 342x.

recorded at an excitation wavelength of 510 nm and an ase activity was initiated by the addition of 200 um
emission wavelength of 586 nm using an Aminco Bowman NADPH, and the progressive increase in fluorescence
spectrophotofluorometer. 7-Ethoxyresorufin O-deethyl- was monitored. For calibration of the fluorometer, after
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the reaction had proceeded for approximately 2 min, 0.1
nmol of resorufin was added to the cuvette and the
resulting increase in fluorescence was recorded.

RESULTS

Distribution of NADPH-cytochrome ¢ (P-450) reduc-
tase in the livers of untreated and vehicle-pretreated
rats. When sections of livers from untreated male rats
are exposed to sheep antiserum to rat hepatic microsomal
NADPH-cytochrome c¢ reductase in both the unlabeled
antibody peroxidase-antiperoxidase and the indirect flu-
orescent antibody immunohistochemical staining proce-
dures, hepatocytes throughout the liver are stained for
the enzyme (Fig. 1A and Figs. 2A, E, and I). Measure-
ments of the intensity of fluorescence emitted from 2.5
X 2.5-um areas within the three lobular regions in sec-
tions after indirect fluorescent antibody staining reveal
that, while the antireductase binds to the same extent to
hepatocytes within the centrilobular and midzonal re-
gions of the lobule, significantly less (P < 0.05) antibody
binds to periportal hepatocytes (Table 1). The data pre-
sented in Table 1 are consistent with our earlier findings
(21) and demonstrate further that antireductase binding
to all hepatocytes is abolished by adsorption of the
antibody with the purified rat hepatic microsomal en-
zyme.

Differences in the intensity of immunohistochemical
staining for NADPH-cytochrome c¢ (P-450) reductase
observed within the liver lobule are not as striking as
those seen for the intralobular distribution of histochem-
ical staining for NADPH-tetrazolium reductase activity
(Fig. 3A), an enzymatic activity which can be catalyzed,
in part, by microsomal NADPH-cytochrome ¢ (P-450)
reductase (30).

Pretreatment of rats with the three vehicles used in
this study, saline, corn oil, and Tween 80/water, had no
effect (P > 0.05) on either NADPH-cytochrome c reduc-
tase activity catalyzed by isolated hepatic microsomes
(Table 2), immunohistochemical staining for hepatic
NADPH-cytochrome c¢ (P-450) reductase (Fig. 4), or
histochemical staining for hepatic NADPH-tetrazolium
reductase activity (data not presented).

Effect of PB pretreatment on NADPH-cytochrome c
(P-450) reductase within the liver lobule. The data pre-
sented in Table 2 show that the pretreatment of rats
with PB for 4 days resulted in the induction of hepatic
microsomal NADPH-cytochrome ¢ reductase activity,
cytochrome P-450, and ethylmorphine N-demethylase
activity. At the same time, immunohistochemical stain-
ing for NADPH-cytochrome ¢ ( P-450) reductase (Fig. 1B
and Figs. 2B, F, and J) and histochemical staining for
NADPH-tetrazolium reductase activity (Fig. 3B) were
both enhanced markedly in all regions of the liver lobule.
In comparison to the extent of antireductase binding to
hepatocytes within the three lobular regions in the livers
of saline-pretreated rats, 105% more antibody bound to
centrilobular and midzonal hepatocytes and 126% more
antibody bound to periportal hepatocytes in the livers of
rats which had been treated for 4 days with PB (Fig. 5).
Thus, the intralobular pattern of distribution of the re-
ductase was not affected significantly (P > 0.05) by the
administration of PB (Fig. 4).

TABLE 1

Binding of antibody to NADPH-cytochrome c reductase within the
centrilobular, midzonal, and periportal regions in the livers of
untreated rats

Refer to Fig. 2 for the location of regions from which the microfluo-
rometric measurements were taken. The values of relative fluorescence
units given represent the mean + SE of at least 20 measurements taken
within the specified region. The relative extents of antireductase bind-
ing to hepatocytes within the three lobular regions were determined by
subtracting the mean emitted fluorescence intensity from regions in
sections exposed to normal sheep serum from each individual micro-
fluorometric measurement obtained from corresponding regions in se-
rial sections exposed to the sheep antireductase serum. The microfluo-
rometric determinations were analyzed statistically using the group
Student’s ¢ test.

Region Serum* Emitted Antibody binding
fluorescence
Centrilobular NSS 42.90 + 2.39*
SARS 69.12 + 3.45** 25.81 + 3.45****
A-SARS 44.48 + 3.97*
Midzonal NSS 4327 + 4.35*
SARS 68.96 + 3.57** 25.38 + 3.57****
A-SARS 4442 + 413"
Periportal NSS 43.53 + 3.33*
SARS 56.57 £ 2.91*** 12.84 + 2.91*****
A-SARS 43.09 + 3.22*

“*NSS = normal sheep serum; SARS = sheep antireductase
serum; A-SARS = adsorbed sheep antireductase serum.
* Values do not differ significantly from each other, P > 0.05.
** Significantly greater than corresponding values obtained
within the centrilobular and midzonal regions using normal
sheep serum and adsorbed sheep antireductase serum, P <
0.01.

*** Significantly greater than corresponding values obtained
within the periportal region using normal sheep serum and
adsorbed sheep antireductase serum, P < 0.05.

**** Values do not differ significantly from each other, P > 0.05.
***** Significantly lower than corresponding values from the cen-
trilobular and midzonal regions, P < 0.05.

Effect of PCN pretreatment on NADPH-cytochrome
¢ (P-450) reductase within the liver lobule. The admin-
istration of PCN to rats resulted in the induction of
hepatic microsomal NADPH-cytochrome c reductase ac-
tivity, cytochrome P-450, and ethylmorphine N-demeth-
ylase activity (Table 2). PCN also produced a marked
enhancement of immunohistochemical staining for
NADPH-cytochrome ¢ (P-450) reductase (Fig. 1C and
Figs. 2C, G, and K) and of histochemical staining for
NADPH-tetrazolium reductase activity (Fig. 3C) within
the liver. Visually, the effect of PCN appeared to be most
pronounced within the periportal regions of the liver
lobule. This observation was verified by microfluoro-
metric analyses of liver sections from PCN- and Tween
80/water-pretreated rats after indirect fluorescent anti-
body staining (Figs. 4 and 5). The data presented in Fig.
5 show that while PCN pretreatment resulted in a 203%
increase in the extent of antireductase binding to peri-
portal hepatocytes, antibody binding to centrilobular and
midzonal hepatocytes increased by only 73 and 45%,
respectively. Thus, after pretreatment of rats with PCN
for 4 days, the intralobular pattern of distribution of
NADPH-cytochrome ¢ (P-450) reductase is altered so
that, while centrilobular hepatocytes bind antireductase
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F1G6. 3. Effects of PB, PCN, and MC pretreatments on histochemical staining for NADPH-tetrazolium reductase activity in rat liver
The photomicrographs show areas in 12-um-thick sections of livers from untreated (A), PB-pretreated (B), PCN-pretreated (C), and MC-
pretreated (D) rats after incubation with nitroblue tetrazolium and NADPH. Central veins (V) and portal triads (P) are indicated in each
photomicrograph. 60x.
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TABLE 2
Cytochrome P-450 concentrations and NADPH-cytochrome c reductase, ethylmorphine N-demethylase, and 7-ethoxyresorufin O-deethylase
activities in hepatic microsomes prepared from untreated and PB-, PCN-, MC-, and vehicle-pretreated rats
Animals were pretreated and analytical determinations were performed as described in Materials and Methods. 7-Ethoxyresorufin O-deethylase
activity was determined using hepatic microsomes prepared from MC- and corn oil-pretreated rats only. Each value given represents the mean

+ SE of three experiments.

Pretreatment Cytochrome P-450 NADPH-cytochrome Ethylmorphine 7-Ethoxyresorufin
¢ reductase N-demethylase O-deethylase
nmol/mg protein nmol/min/mg protein

None 0.91 + 0.09 1099 + 6.8 5.41 £ 0.41 —

PB 2.28 £ 0.17* 199.7 £ 9.2* 14.30 + 0.83* -

Saline 0.89 + 0.02 106.4 £ 6.9 5.54 £ 0.35 —_

PCN 2.17 £ 0.14* 200.7 £ 7.5* 15.60 + 1.46* —_

Tween 80/water 0.86 + 0.02 1172 £ 36 5.05 + 0.28 —_

MC 1.56 + 0.04* 1089 + 6.3*** 4.84 + 0.46*** 5.92 £ 0.96**

Corn oil 0.89 + 0.04 106.3 + 5.2 3.87 £ 0.51 0.20 £ 0.09

* P < 0.001 when compared to values in untreated and vehicle-pretreated controls.
** P < 0.01 when compared to values in untreated and corn oil-pretreated controls.
**+* P > 0.05 when compared to values in untreated and corn oil-pretreated controls.

to the greatest extent (P < 0.05), midzonal and periportal
hepatocytes bind the antireductase to similar extents
(Fig. 4).

Effect of MC pretreatment on NADPH-cytochrome ¢
(P-450) reductase within the liver lobule. The adminis-
tration of MC to rats for 4 days resulted in the induction
of hepatic microsomal cytochrome P-450 and 7-ethoxy-
resorufin O-deethylase activity without affecting hepatic
microsomal NADPH-cytochrome ¢ reductase or ethyl-
morphine N-demethylase activities (Table 2). In addi-
tion, MC pretreatment did not appear to affect either
immunohistochemical staining for NADPH-cytochrome
¢ (P-450) reductase (Fig. 1D and Figs. 2D, H, and L) or
histochemical staining for NADPH-tetrazolium reduc-
tase activity (Fig. 3D) within the liver. These visual
findings were confirmed when the extents of binding of

60
D centrilobulor

S0F lmdxomi

Yowoono

40

onti- reductose binding (relotive fluorescence units)
O
o

L
Untreated Saline PB

Tween-80 PCN

the antireductase to hepatocytes within the three regions
of the lobule were determined in sections of livers from
MC- and corn oil-pretreated rats (Figs. 4 and 5).

DISCUSSION

In a previous communication (21), we presented im-
munohistochemical evidence for the nonuniform intra-
lobular distribution of NADPH-cytochrome ¢ (P-450)
reductase within the livers of untreated rats. The results
of the present study confirm this earlier finding and
demonstrate further that different xenobiotics exert char-
acteristic effects on the reductase within hepatocytes in
the three regions of the liver lobule. It must be cautioned,
however, that antibodies produced against trypsin-solu-
bilized, hepatic microsomal NADPH-cytochrome ¢ re-
ductase are also capable of interacting with the enzyme

Com ol MC

pretreated pretrected pretecled prefrected  preivecied  pretrected

FiG. 4. Binding of antibody to NADPH-cytochrome c reductase within the centrilobular, midzonal, and periportal regions in the livers of

untreated and PB-, PCN-, MC-, and vehicle-pretreated rats

Each bar represents the mean + SE extent of antireductase binding within the specified lobular region. The data presented for the binding of
the antireductase within the livers of untreated rats were taken from Table 1.
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F1G. 5. Effects of PB, PCN, and MC pretreatments on NADPH-
cytochrome c (P-450) reductase within the centrilobular (CL), mid-
zonal (MZ), and periportal (PP) regions of the liver lobule

Each bar represents the mean + SE percent of control antireductase
binding within the specified lobular region. Percentage of control anti-
body binding was determined from the data presented in Fig. 4 for the
binding of antireductase within regions in the livers of xenobiotic- and
vehicle-pretreated rats.

present in the nuclear envelope and Golgi membranes in
rat liver (31, 32). Thus, immunohistochemical staining
for the reductase observed within hepatocytes is un-
doubtedly associated with these organelles as well as
with the endoplasmic reticulum. Furthermore, some de-
gree of immunohistochemical staining would also be as-
sociated with nascent reductase present in hepatocytes
(33). While the presence of nascent enzyme could explain,
in part, the discrepancies observed between immunohis-
tochemical staining for NADPH-cytochrome ¢ (P-450)
reductase and histochemical staining for NADPH-tetra-
zolium reductase activity in the liver, our previous finding
that antiserum to hepatic microsomal NADPH-cyto-
chrome c reductase could not suppress completely his-
tochemical staining for hepatic NADPH-tetrazolium re-
ductase activity (21) indicates that the histochemical
staining reaction is not totally specific for NADPH-cy-
tochrome c (P-450) reductase.

Of the three xenobiotics employed in this study, only
MC has been shown to induce hepatic microsomal cyto-
chrome P-450 and xenobiotic monooxygenations, as well
as to stimulate the proliferation of hepatocyte endoplas-
mic reticulum, without causing the concomitant induc-
tion of NADPH-cytochrome ¢ (P-450) reductase (3, 5, 7,
8, 11, 12). The findings that neither immunohistochemi-
cal staining for the reductase nor histochemical staining
for NADPH-tetrazolium reductase activity was altered
as a result of MC pretreatment are consistent with bio-
chemical evidence for the refractoriness of hepatocyte
NADPH-cytochrome ¢ (P-450) reductase to MC.

In contrast to the effects of MC and other polycyclic
aromatic hydrocarbons, both PB and PCN induce he-

patic microsomal NADPH-cytochrome c¢ (P-450) reduc-
tase in addition to inducing cytochrome P-450 and xe-
nobiotic monooxygenations and stimulating the prolif-
eration of hepatocyte endoplasmic reticulum (3-15). PB
and PCN pretreatments also result in the enhancement
of immunohistochemical staining for NADPH-cyto-
chrome ¢ (P-450) reductase and of histochemical staining
for NADPH-tetrazolium reductase activity in hepato-
cytes throughout the liver lobule. However, the results
of this study demonstrate that the barbiturate and the
steroid exert different effects on NADPH-cytochrome ¢
(P-450) reductase within the liver lobule.

The results of our immunohistochemical analyses re-
veal that the reductase is induced by similar extents
within centrilobular, midzonal, and periportal hepato-
cytes after 4 days of PB pretreatment. It is interesting to
note that a very good correlation exists between the
stimulatory effects of PB on the specific activity of
NADPH-cytochrome c reductase in isolated hepatic mi-
crosomal membranes (an increase of 88 + 9% over that
in microsomes prepared from saline-pretreated rats) and
on the binding of the antireductase to hepatocytes (in-
creases of 105 + 12, 105 + 11, and 126 + 18% to centri-
lobular, midzonal, and periportal hepatocytes, respec-
tively). Thus, while the results of microspectrophotomet-
ric (20) and morphometric (13, 15) analyses have shown
that cytochrome P-450 content and endoplasmic reticu-
lum proliferation are most greatly stimulated by PB
within centrilobular hepatocytes, these immunohisto-
chemical findings indicate that after the administration
of PB, the degree of induction of the reductase in hepa-
tocytes does not parallel that of cytochrome P-450 or the
degree of stimulation of endoplasmic reticulum prolifer-
ation.

Unlike the effects of PB on the reductase, PCN does
not produce a uniform induction of the enzyme through-
out the liver lobule. Rather, after 4 days of pretreatment
with PCN, the reductase is induced by a much greater
extent within periportal hepatocytes than within either
centrilobular or midzonal hepatocytes. PCN pretreat-
ment similarly results in the greatest enhancement of
histochemical staining for NADPH-tetrazolium reduc-
tase activity within the periportal regions of the liver
lobule. The differential induction of the reductase within
centrilobular, midzonal, and periportal hepatocytes fol-
lowing the administration of PCN could be the conse-
quence of a concentration gradient of PCN in blood as it
flows from the portal triads toward the central veins.
This would result in the exposure of cells more distal to
the afferent blood to lower concentrations of the steroid.
Although this possibility remains to be tested, it does not
appear to be a viable explanation since the degree of
induction of the reductase following PCN pretreatment
is significantly greater in centrilobular hepatocytes than
in midzonal hepatocytes. Alternatively, the results of this
study can be interpreted to indicate that periportal hep-
atocytes are considerably more sensitive to the stimula-
tory action of PCN than are either centrilobular or
midzonal hepatocytes, at least with respect to induction
of NADPH-cytochrome ¢ (P-450) reductase. These re-
sults suggest further that after PCN pretreatment, peri-
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portal hepatocytes possess a greatly enhanced capacity
to oxidatively metabolize xenobiotics. This suggestion is
consistent with the protection afforded by PCN against
the centrilobular necrosis which results from the cyto-
chrome P-450-mediated formation of highly reactive and
toxic electrophilic metabolites from certain xenobiotics
(6).
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