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SUMMARY

Antibodies directed against three isozymes of rat hepatic micro-
somal UDP-glucuronosylitransferase (EC 2.4.1.17), p-nitro-
phenol, 3a-hydroxysteroid, and 178-hydroxysteroid UDP-glucu-
ronosylitransferases were used to localize these enzymes at the
light microscopic level in livers of untreated Sprague-Dawiley and
Wistar rats. Avidin-biotin-peroxidase staining revealed the pres-
ence of each isozyme within parenchymal cells throughout the
liver lobule in rats of both strains. However, although antibodies
to the 3a- and 178-hydroxysteroid UDP-glucuronosylitransfer-
ases appeared to stain hepatocytes across the liver lobule quite
uniformly, centrilobular hepatocytes were stained much more
intensely for p-nitrophenol UDP-glucuronosylitransferase than
were midzonal and periportal cells. Additionally, appreciable im-
munohistochemical staining for p-nitrophenol UDP-glucuronosyl-
transferase, but not for the two hydroxysteroid UDP-glucurono-
syltransferases, was detected within the epithelium of the hepatic
bile duct and the endothelium of the hepatic artery and portal
vein. Another difference was noted in livers of Wistar rats:

hepatocytes of rats possessing low 3a-hydroxysteroid (i.e., an-
drosterone) UDP-glucuronosyltransferase activity were stained
much less intensely for the 3a-hydroxysteroid UDP-glucurono-
syltransferase than were those of rats exhibiting high rates of
androsterone glucuronidation, whereas differences in immuno-
peroxidase staining for p-nitrophenol and 178-hydroxysteroid
UDP-glucuronosyitransferases were not apparent between the
two subclasses of Wistar rats. These immunohistochemical find-
ings demonstrate that different UDP-glucuronosyitransferase iso-
zymes are distributed across the liver lobule in significantly
different manners and, furthermore, suggest that xenobiotics
may be glucuronidated within epithelial cells of the hepatic bile
duct and endothelial cells of the hepatic artery and portal vein,
as well as within hepatocytes. The results of this study also
provide evidence that differences in the content of 3a-hydroxy-
steroid UDP-glucuronosyitransferase within hepatocytes ac-
count for genetically determined variations in the rates at which
androsterone and certain other xenobiotics are glucuronidated
in livers of Wistar rats.

Glucuronidation represents an important process in the
mammalian organism whereby the glucuronic acid moiety of
UDP-glucuronic acid is covalently linked to xenobiotics and
endogenous substances to yield more water-soluble compounds
that, in general, are excreted more readily than are the parent
chemicals (1). The glucuronidation of xenobiotics and endoge-
nous substances occurs in numerous tissues and is catalyzed by
a family of isozymes that are named, collectively, the UDP-
glucuronosyltransferases (UDPGTs) (1, 2).

Recently, considerable attention has been focused on the
resolution, purification, and characterization of the UDPGT
isozymes that are associated with the endoplasmic reticulum of
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the liver. Results of studies conducted by a number of labora-
tories have conclusively demonstrated that marked heteroge-
neity exists in the biophysical properties of hepatic microsomal
UDPGTs (1, 3-11). Furthermore, although the isozymes that
have been purified and characterized to date generally possess
overlapping xenobiotic substrate specificities, they have rather
distinct specificities for endogenous substrates (1, 3-6, 12-15).
Additionally, genetic variability in glucuronidations catalyzed
by one of these isozymes, 3a-hydroxysteroid UDPGT, has been
found to occur in Wistar rats (16-20), 50-60% of which possess
high (HA) and 40-50% low (LA) glucuronidation activity
toward androsterone (16-18) and certain other substrates,
including aromatic amines (20). The variability in hepatic
microsomal 3a-hydroxysteroid UDPGT activity in Wistar
rats primarily appears to be the consequence of a genetically

ABBREVIATIONS: UDPGT, UDP-glucuronosylitransferase; HA, Wistar rats exhibiting high 3a-hydroxysteroid UDPGT activity; LA, Wistar rats having
low 3a-hydroxysteroid UDPGT activity, CHAPS, 3-{(3-cholamidopropyl)-dimethylammonio]-1-propanesulfonate; EDTA, ethylenediaminetetraacetic

acid.

14

2102 ‘S JaquiadaQ Uo oslduer ap Oy Op OpeIST op apepisianiun e Bio speuinofadse wieydjow woly papeojumoq


http://molpharm.aspetjournals.org/

PHARM

aspet

determined difference in the hepatic content of this isozyme
(17-19).

Since glucuronidation serves an important role in xenobiotic
detoxication (1), knowledge of the precise cellular localizations
and intercellular distributions of UDPGTs within the liver
lobule could contribute to an increased understanding of the
basis for the marked differences that are observed in the
susceptibilities of hepatocytes lying within the different regions
of the liver lobule to many chemically induced toxicities. In-
deed, results of studies conducted with perfused rat liver (21,
22) and of enzymatic determinations in microdissected centri-
lobular and periportal regions (23, 24) have revealed that xen-
obiotics are not glucuronidated uniformly across the liver lob-
ule. Although heterogeneity in the intralobular distribution of
p-nitrophenol UDPGT in rat liver has been demonstrated
immunohistochemically (24), virtually nothing is currently
known regarding the intrahepatic localizations and intralobular
distributions of different UDPGT isozymes. In the present
study, antibodies raised against highly purified monomers of
rat hepatic microsomal 3a-hydroxysteroid UDPGT, 178-hy-
droxysteroid UDPGT, and a 3-methylcholanthrene-inducible
p-nitrophenol UDPGT were employed to determine immuno-
histochemically the cellular localizations and intralobular dis-
tributions of these three isozymes in livers of untreated rats.
Differences in the content of 3a-hydroxysteroid UDPGT within
hepatocytes of HA and LA Wistar rats were also mvestxgated
immunohistochemically.

Experimental Procedures

Materials. Parabenzoquinone was purchased from Fisher Chemical
Co. (Pittsburg, PA), and 3,3’ -diaminobenzidine tetrahydrochloride was
obtained from Hach Chemical Co. (Loveland, CO). Biotinylated goat
anti-rabbit IgG and the avidin-biotinylated horseradish peroxidase
complex were purchased from Vector Laboratories, Inc. (Burlingame,
CA). Goat anti-rabbit IgG and horseradish peroxidase-conjugated goat
anti-rabbit IgG were obtained from Cooper-Biomedical, Inc. (Malvern,
PA). 4-Chloro-1-naphthol, obtained from Bio-Rad Laboratories (Rich-
mond, CA), was used as the peroxidase substrate in immunoblotting
procedures. [1,2-*H]Androsterone (40-50 Ci/mmol), [4-'*C]estrone (57
mCi/mmol), [4-'“C]testosterone (50 mCi/mmol), [4-'*C]-178-estradiol
(60 mCi/mmol), and [9,11-°*H}-5«-androstane-3a,178-diol (60 Ci/
mmol) were purchased from New England Nuclear Research Products
(Boston, MA). [2,6-*C]-p-Nitrophenol (30 mCi/mmol) and UDP-[U-
“C]glucuronic acid (254 mCi/mmol) were obtained from ICN Radi-
ochemicals (Irvine, CA), and 1-[1-"*C]naphthol was purchased from
Amersham Corp. (Arlington Heights, IL). UDP-Glucuronic acid (am-
monium salt), 4-methylumbelliferone, androsterone, testosterone, es-
trone, 178-estradiol, p-nitrophenol, 5a-androstane-3a,178-diol, and
CHAPS were purchased from Sigma Chemical Co. (St. Louis, MO).
Morphine sulfate was acquired from Merck and Company, Inc. (Rah-
way, NJ).

Preparation of antigens and antibodies. 3a-Hydroxysteroid,
176-hydroxysteroid, and 3-methylcholanthrene-inducible p-nitro-
phenol UDPGTs were isolated and purified to apparent homogeneity
from hepatic microsomes of untreated or 3-methylcholanthrene-pre-
treated Sprague-Dawley rats using chromatofocusing and affinity chro-
matography as described previously (3, 13). Monomeric subunits of
each isozyme were isolated by means of preparative sodium dodecyl
sulfate-polyacrylamide gel electrophoresis as described by Falany et al.
(6).

To elicit the production of antibodies against each UDPGT, female
New Zealand White rabbits were initially administered 100 ug of the
isozyme’s monomeric subunit in complete Freund’s adjuvant (Difco
Laboratories, Detroit, MI) subcutaneously at multiple sites along the
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back. Two and 4 weeks later, rabbits received booster injections con-
taining 75 and 45 ug, respectively, of the subunit in incomplete Freund’s
adjuvant. Whole rabbit antisera and whole rabbit preimmune sera were
used in the immunoblotting and immunohistochemical studies. For
immunoprecipitation experiments, the IgG fraction was prepared from
preimmune and immune sera by means of ammonium sulfate precipi-
tation and DEAE-cellulose chromatography (25).

Immunoblotting and immunoprecipitation procedures. He-
patic microsomal preparations from untreated, male Sprague-Dawley
rats were solubilized in 100 mM potassium phosphate buffer, pH 7.6,
containing 20% glycerol, 1 mM dithiothreitol, 1 mM EDTA, and 15 mM
CHAPS detergent and centrifuged at 100,000 X g for 1 hr (26). The
ratio of CHAPS to microsomal protein was approximately 1.5. Samples
of solubilized microsomal protein were subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis using the method of Laem-
mli (27) in 10% acrylamide gels as described previously (3). Electro-
phoresis was normally conducted at 10 mamp/gel for 14-16 hr. In some
cases, however, the current was increased after 16 hr to 50 mamp/gel,
and electrophoresis was continued for an additional 2 hr to increase
separation in the 40,000-70,000 molecular weight region. Immunoblot-
ting was conducted according to the method of Towbin et al. (28) using
nitrocellulose membranes (BA85, Schleicher and Schuell, Keene, NH)
and a Hoefer Scientific Instruments (San Francisco, CA) Transphor
apparatus. Tween 20 was used to block nonspecific binding of antisera
to the nitrocellulose membrane.

Since none of the anti-UDPGTs directly inhibited glucuronidation
activities catalyzed by hepatic microsomal preparations from untreated
rats, immunoprecipitation studies were performed. For these experi-
ments, aliquots of solubilized microsomal protein were incubated with
immune or preimmune IgG for 2 hr at 4° with gentle mixing. To
precipitate immune complexes, goat anti-rabbit IgG was added, and
the samples were incubated for an additional 2 hr at 4°. The samples
were then centrifuged, and UDPGT activities were determined in the
supernatants. The rates of androsterone, 5a-androstane-3a,178-diol,
estrone, 178-estradiol, testosterone, and p-nitrophenol glucuronidation
were determined as described previously (3, 29). 4-Methylumbelliferone
glucuronidation was assessed according to the method of Frei et al.
(30), while morphine glucuronidation was determined as described by
Puig and Tephly (10). The addition of less than 10 mg of IgG protein/
mg of microsomal protein to the reaction mixture resulted in less than
10% inhibition of the rates at which these substrates were glucuroni-
dated.

Immunohistochemistry of UDPGTs. Male albino Sprague-Daw-
ley (Harlan Sprague-Dawley, Inc., Indianapolis, IN) and Wistar
(Charles River Breeding Laboratories, Inc., Wilmington, MA) rats
weighing 180-230 g were fasted for 24 hr before decapitation. Blocks
of tissue, approximately 5 X 3 X 1 mm, obtained from the median lobe
of the liver, were fixed at 4° for a total period of 3 hr by immersion in
several changes of a solution containing 0.35% (w/v) parabenzoquinone
and 0.02 M CaCl; in 0.2 M sodium cacodylate buffer, pH 7.4. The
remainder of the liver from each Wistar rat was used for determination
of androsterone glucuronidation activity as described by Green et al
(18). Rats whose hepatic microsomes catalyzed the glucuronidation of
androsterone at rates of at least 9 nmol/min/mg of protein were
classified as having high 3a-hydroxysteroid UDPGT activity (i.e., HA
rats), while those with specific activities of 1-2 nmol of androsterone
conjugated/min/mg of hepatic microsomal protein were considered to
possess low activity (i.e., LA rats) (18).

Following fixation, the liver blocks were dehydrated, cleared, and
embedded in paraffin, and serial sections 7 um in thickness were
prepared. Each UDPGT isozyme was localized at the light microscopic
level by means of avidin-biotin-peroxidase staining (31, 32). Nonspe-
cific immunoperoxidase staining was assessed by exposing adjacent
sections to preimmune rabbit serum rather than to rabbit antiserum to
the UDPGT being studied. Identification of bile ducts, hepatic arteries,
and portal veins in immunohistochemically stained sections was con-
firmed by examining serial sections that had been stained with hema-
toxylin and eosin.
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Results

Antibody characterization. Antibodies raised against
electroeluted monomeric subunits of rat hepatic microsomal p-
nitrophenol, 3a-hydroxysteroid, and 178-hydroxysteroid
UDPGTs were examined for their antigen specificity using
purified enzymes as well as solubilized hepatic microsomal
preparations obtained from untreated Sprague-Dawley and HA
and LA Wistar rats. Fig. 1 shows the results of immunoblotting
experiments using anti-p-nitrophenol UDPGT. On Western
blots, this antibody appears to recognize only one protein in
hepatic microsomal preparations from untreated rats and does
not react with either 178-hydroxysteroid or 3a-hydroxysteroid
UDPGTSs (Fig. 1, lanes 1 and 9, respectively). The molecular
weight of the peptide recognized by this antibody is approxi-
mately 56,000. Staining was not observed when preimmune
serum was employed (data not shown).

Results of immunoblotting experiments performed with anti-
178-hydroxysteroid UDPGT are shown in Fig. 2. This antibody
reacts with purified 178-hydroxysteroid UDPGT (Mr 50,000)
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Fig. 1. Immunobiotting analysis of solubilized hepatic microsomal protein
of untreated rats using rabbit anti-p-nitrophenol UDPGT. Solubilized
microsomal protein from livers of Sprague-Dawley [10 ng (lane 2) and
50 ug (lane 3)], HA Wistar [10 ug (lane 4) and 50 ng (/ane 5)), and LA
Wistar [10 ug (/lane 6) and 50 ug (lane 7)) rats were separated on 10%
polyacrylamide gels and transferred to nitrocellulose. The blots were
incubated overight with antiserum to p-nitrophenol UDPGT (1:5000
dilution) and then for 4 hr with horseradish peroxidase-conjugated goat
anti-rabbit IgG (1:5000 dilution) and were developed using 4-chioro-1-
naphthol as substrate for the peroxidase. Purified p-nitrophenol UDPGT
(lane 8, 0.3 ug), 17p-hydroxysteroid UDPGT (/ane 1, 2 ug), and 3a-
hydroxysteroid UDPGT (lane 9, 2 ug) were also analyzed. Molecular
weight markers (%10°) are indicated by the arrows on the right.
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Fig. 2. Inmunobilotting analysis of solubilized hepatic microsomal protein
of untreated rats using rabbit anti-178-hydroxysteroid UDPGT. Immu-
noblotting of solubilized microsomal protein from livers of Sprague-
Dawiey [5 ug (lane 2) and 25 ug (/ane 3)], HA Wistar [5 ug (/lane 4) and
25 ug (lane 5)), and LA Wistar [5 ug (lane 6) and 25 ug (lane 7)) rats
were conducted using antiserum to 178-hydroxysteroid UDPGT as de-
scribed in Fig. 1, except that the dilution of the primary antiserum was
1:2000. Results with purified 3a-hydroxysteroid UDPGT (/ane 7, 0.1 ug)
and 17p-hydroxysteroid UDPGT (/ane 8, 0.1 ug) are also shown. Molec-
ular weight markers (x10°) are indicated by the arrows on the left.

(Fig. 2, lane 8) as well as purified 3a-hydroxysteroid UDPGT
(Mr 52,000) (Fig. 2, lane 1). It does not, however, recognize p-
nitrophenol UDPGT (data not shown). The anti-178-hydroxy-
steroid UDPGT also reacts with more than a single protein in
hepatic microsomes. As seen in Fig. 2, similar results were
obtained using hepatic microsomal preparations from untreated
Sprague-Dawley (lanes 2 and 3) and HA Wistar (lanes 4 and
5) rats. In contrast, the 52,000-dalton subunit corresponding
to 3a-hydroxysteroid UDPGT appears to be either absent or
greatly diminished in microsomal preparations derived from
livers of LA Wistar rats (Fig. 2, lanes 6 and 7). This finding is
consistent with previous reports (18, 19).

Immunoblotting results obtained using anti-3a-hydroxyste-
roid UDPGT (Fig. 3) were similar to those obtained with anti-
178-hydroxysteroid UDPGT. As was noted for the anti-178-
hydroxysteroid UDPGT, the antibody to 3a-hydroxysteroid
UDPGT also recognizes both of the purified hydroxysteroid
UDPGTSs on Western blots (Fig. 3, lanes 7 and 8), but not p-
nitrophenol UDPGT (Fig. 3, lane 9), and reacts with more than
one protein in solubilized hepatic microsomal preparations
from Sprague-Dawley (Fig. 3, lanes 1 and 2) and HA Wistar
(Fig. 3, lanes 3 and 4) rats. Again, little if any 3a-hydroxysteroid
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Fig. 3. Immunobilotting analysis of solubilized hepatic microsomal protein
of untreated rats using rabbit anti-3a-hydroxysteroid UDPGT. Immuno-
blotting analysis of solubilized microsomal protein from livers of Sprague-
Dawley [5 ug (lane 1) and 25 g (lane 2)], HA Wistar [5 xg (/ane 3) and
25 ug (lane 4))], and LA Wistar [5 ug (lane 5) and 25 ng (/lane 6)] rats
was conducted using antiserum to 3a-hydroxysteroid UDPGT as de-
scribed in Fig. 1, except that the dilution of antiserum was
1:2000. Results obtained with purified 178-hydroxysteroid UDPGT (lane
7, 0.1 ug), a mixture of 178- and 3a-hydroxysteroid UDPGTs (/ane 8, 0.3
ug of each), and p-nitrophenol UDPGT (/ane 9, 0.5 ug) are also shown.
Molecular weight markers (x10°) are indicated by the arrows on the left.

UDPGT was detected in hepatic microsomal preparations from
LA Wistar rats (Fig. 3, lanes 5 and 6).
Immunoprecipitation studies. Anti-p-nitrophenol
UDPGT IgG did not precipitate any UDPGT activities from
solubilized hepatic microsomes of untreated rats. In contrast,
the addition of anti-178-hydroxysteroid UDPGT IgG to solu-
bilized hepatic microsomes resulted in the precipitation of
glucuronidation activities catalyzed by 178-hydroxysteroid
UDPGT (Table 1). Immunoprecipitation of these UDPGT
activities occurred in a concentration-dependent manner (data
not shown). At an antibody protein to microsomal protein ratio
of 10, the anti-178-hydroxysteroid UDPGT precipitated testos-
terone, 17B8-estradiol, androstane-3a,178-diol, p-nitrophenol,
and 1-naphthol glucuronidation activities from solubilized
Sprague-Dawley hepatic microsomal preparations. It did not,
however, precipitate 4-methylumbelliferone glucuronidation
activity, which is catalyzed by p-nitrophenol UDPGT (3). Sim-
ilarly, androsterone glucuronidation activity, which is catalyzed
by 3a-hydroxysteroid UDPGT, was not precipitated by the
antibody to 178-hydroxysteroid UDPGT under these condi-
tions even though this antibody did cross-react with 3a-hy-
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TABLE 1

Immunoprecipitation of Sprague-Dawiey rat hepatic microsomal
UDPGT activities by anti-178-hydroxysteroid UDPGT IgG
Immunoprecipitation experiments were conducted as described under Experimental
Procedures using 10 mg of igG protein/mg of microsomal protein.

Substrate Percentage of activity precipitated®
Testosterone 56 +3
178-Estradiol 50+ 2
Androstane-3«,178-diol 23
p-Nitrophenol 33+ 10
1-Naphthol 23
4-Methylumbelliferone 5
Androsterone 5+5
Estrone 5
Morphine 7

* Values given represent the mean + standard deviation for determinations made
on three different microsomal preparations. Single values represent the mean of
two determinations.

TABLE 2

Immunoprecipitation of Sprague-Dawley rat hepatic microsomal
UDPGT activities by anti-3a-hydroxysteroid UDPGT IgG
Immunoprecipitation experiments were conducted as described under Experimental
Procedures using 20 mg of IgG protein/mg of microsomal protein. Values given
repersent the mean of two determinations.

Substrate Percentage of activity precipitated
Androsterone 51
Testosterone 37
178-Estradiol 70
Estrone 7
Morphine 1

droxysteroid UDPGT in immunoblotting experiments. Also,
the hepatic microsomal glucuronidations of morphine and es-
trone, substrates for other known UDPGT isozymes, were not
affected by the anti-178-hydroxysteroid UDPGT. When higher
concentrations of anti-178-hydroxysteroid UDPGT were used
(e.g., 20 mg of IgG protein/mg of microsomal protein), activities
catalyzed by UDPGTSs other than 178-hydroxysteroid UDPGT
were precipitated in a nonspecific manner (data not shown).
Preimmune IgG did not alter UDPGT activities under these
conditions.

Results obtained using anti-3a-hydroxysteroid UDPGT are
presented in Table 2. In contrast to the effects of anti-178-
hydroxysteroid UDPGT, the antibody to 3a-hydroxysteroid
UDPGT nonspecifically precipitated rat hepatic microsomal
steroid glucuronidation activities catalyzed by both 3a-hy-
droxysteroid UDPGT (i.e., androsterone glucuronidation) and
178-hydroxysteroid UDPGT (i.e., testosterone and 178-estra-
diol glucuronidations). However, the anti-3a-hydroxysteroid
UDPGT did not affect either estrone or morphine UDPGT
activities.

Localization of UDPGTS in livers of Sprague-Dawley
rats. When sections of liver from untreated, male Sprague-
Dawley rats were exposed to rabbit antisera to p-nitrophenol,
3a-hydroxysteroid, and 178-hydroxysteroid UDPGTSs in the
avidin-biotin-peroxidase staining technique, the presence of
immunohistochemical staining for each isozyme was readily
detected within parenchymal cells throughout the lobule but
not within either Kupffer or sinusoidal cells (Fig. 4). Immuno-
peroxidase staining was not evident in sections exposed to
preimmune rabbit sera (not shown).

Although all hepatocytes were stained for each UDPGT, it
is apparent that centrilobular hepatocytes were stained much
more intensely by the anti-p-nitrophenol UDPGT than were
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Fig. 4. Immunoperoxidase staining for UDPGTs within the liver of an untreated, male Sprague-Dawley rat. A-D, section exposed to rabbit antiserum
to rat hepatic microsomal p-nitrophenol UDPGT; E-H, section exposed to rabbit antiserum to rat hepatic microsomal 178-hydroxysteroid UDPGT;
and I-L, section exposed to rabbit antiserum to rat hepatic microsomal 3a-hydroxysteroid UDPGT. A, E, and | show representative immunohisto-
chemical staining within the same area in serial sections. Higher magnification photomicrographs of centrilobular regions are seen in B, F, and J,
while midzonal regions are shown in C, G, and K and periportal regions in D, H, and L. The presence of inmunoperoxidase staining was not evident
in adjacent sections exposed to equal dilutions of preimmune rabbit sera. A central vein (v), a portal triad (p), bile ducts (€) and branches of the

hepatic artery (=) and portal vein () are indicated.

midzonal and periportal hepatocytes (Fig. 4, A-D). In contrast,
hepatocytes across the lobule were stained quite uniformly by
the antibodies to 178 (Fig. 4, E-H)- and 3a (Fig. 4, I-L)-
hydroxysteroid UDPGTs. Additionally, immunohistochemical
staining for both 3a- and 178-hydroxysteroid UDPGTs was
restricted to parenchymal cells, whereas staining for p-nitro-
phenol UDPGT was also detected within bile duct epithelial
cells and endothelial cells of the hepatic artery and portal vein
(Fig. 4D). These findings indicate that, in tissue sections, the
anti-p-nitrophenol UDPGT used in this study does not cross-
react with either of the two hydroxysteroid UDPGTSs and,
similarly, that antibodies to 3a- and 178-hydroxysteroid
UDPGTsS do not cross-react with p-nitrophenol UDPGT.

Localizations of UDPGTSs in livers of Wistar rats.
Immunohistochemical staining for UDPGTSs in livers of un-
treated, male HA Wistar rats closely resembled that observed
in livers of untreated, male Sprague-Dawley rats. As seen in
Fig. 5, A-D, centrilobular hepatocytes of these rats were stained
much more intensely by the anti-p-nitrophenol UDPGT than
were either midzonal or periportal cells, whereas hepatocytes
across the lobule were stained quite uniformly for both 178
(Fig. 5, E-H)- and 3a (Fig. 5, I-L)-hydroxysteroid UDPGTs.
Furthermore, in addition to staining parenchymal cells, the
anti-p-nitrophenol UDPGT stained the bile duct epithelium
and endothelial cells of the hepatic artery and portal vein (Fig.
5D), whereas antibodies to the 3a- and 178-hydroxysteroid
UDPGTs solely stained hepatocytes.

Staining for p-nitrophenol (Fig. 6, A-D) and 178-hydroxy-

steroid (Fig. 6, E-H) UDPGTS in livers of untreated, male LA
Wistar rats mirrored that observed in livers of untreated Spra-
gue-Dawley and HA Wistar rats. In marked contrast to these
findings, the intensity with which hepatocytes of LA Wistar
rats were stained by the anti-3a-hydroxysteroid UDPGT was
dramatically less (Fig. 6, I-L) than that seen in either Sprague-
Dawley (Fig. 4) or HA Wistar (Fig. 5) rats. However, despite
being depressed, the intensity of staining for 3a-hydroxysteroid
UDPGT remained quite uniform across the lobule. The fact
that immunohistochemical staining for p-nitrophenol and 178-
hydroxysteroid UDPGTs was identical in the livers of all rats
studied indicates that the antibodies raised against these iso-
zymes do not cross-react with 3a-hydroxysteroid UDPGT in
tissue sections.

Discussion

During the past several years, considerable effort has been
focused on determinations of how various xenobiotic-metabo-
lizing enzymes are distributed across the liver lobule (33-36),
inasmuch as differences in the intralobular distributions of
enzymes that catalyze the bioactivation and detoxication of
xenobiotics could profoundly influence the susceptibilities of
hepatocytes lying within the different regions of the lobule to
toxicities resulting from the formation of potentially reactive,
electrophilic metabolites. With respect to glucuronidation, re-
sults of studies conducted on the perfused rat liver have re-
vealed that xenobiotics are usually glucuronidated at greater
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Fig. 5. Immunoperoxidase staining for UDPGTs within the liver of an untreated, male HA Wistar rat. A-D, section exposed to rabbit antiserum to p-
nitrophenol UDPGT; E-H, section exposed to rabbit antiserum to 178-hydroxysteroid UDPGT; and |-L, section exposed to rabbit antiserum to 3a-
hydroxysteroid UDPGT. A, E, and | show representative immunohistochemical staining within the same area in serial sections. Higher magnification
photomicrographs of centrilobular regions are seen in B, F, and J, while midzonal regions are shown in C, G, and K and periportal regions in D, H,
and L. Immunohistochemical staining could not be detected in adjacent sections exposed to equal dilutions of preimmune rabbit sera. A central vein
(v), a portal traid (p), bile ducts (), and branches of the hepatic artery («) and portal vein (<) are indicated.
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Fig. 6. Immunoperoxidase staining for UDPGTs within the liver of an untreated, male LA Wistar rat. A-D, section exposed to rabbit antiserum to p-
nitrophenol UDPGT; E-H, section exposed to rabbit antiserum to 178-hydroxysteroid UDPGT; and I-L, section exposed to rabbit antiserum to 3a-
hydroxysteroid UDPGT. A, E, and | show representative immunohistochemical staining within the same area in serial sections. Higher magnification
photomicrographs of centrilobular regions are seen in B, F, and J, while midzonal regions are shown in C, G, and K and periportal regions in D, H,
and L. Immunohistochemical staining was not evident in adjacent sections exposed to preimmune rabbit sera. A central vein (v), a portal triad (p),
bile ducts (4), and branches of the hepatic artery (s) and portal vein (<) are indicated.
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rates by centrilobular hepatocytes than by those hepatocytes
that are situated around the portal triad (21, 22, 36). Micro-
chemical determinations in microdissected centrilobular and
periportal regions have also demonstrated that centrilobular
cells exhibit significantly greater xenobiotic glucuronidation
activity than do periportal cells (23, 24). In addition, immuno-
histochemical analyses conducted with an antibody to a 3-
methylcholanthrene-inducible isozyme of rat hepatic microso-
mal UDPGT provided evidence for the presence of a greater
amount of this enzyme within centrilobular hepatocytes of
untreated rats than within periportal cells (24). In contrast, an
antibody that recognizes several UDPGT isozymes has been
reported to produce staining of uniform intensity across the
liver lobule (37).

Significant differences have been shown to exist in the dis-
tributions of different isozymes of other xenobiotic-metaboliz-
ing enzymes, such as cytochrome P-450 (33-35, 38) and gluta-
thione S-transferase (33-35, 39), across the lobule in livers of
untreated rats. The results of the present study similarly dem-
onstrated that different UDPGT isozymes are not distributed
in identical manners across the liver lobule in untreated rats:
the content of p-nitrophenol UDPGT is greatest within centri-
lobular hepatocytes, whereas 3a- and 178-hydroxysteroid
UDPGTs are distributed quite uniformly across the lobule.
These findings thus suggest that there would be significant
differences in the rates as well as the extents to which different
substrates undergo glucuronidation across the liver lobule in
untreated rats.

The antibodies raised against the monomeric subunits of rat
hepatic microsomal p-nitrophenol, 3a-hydroxysteroid, and 178-
hydroxysteroid UDPGTSs that were utilized in the immunohis-
tochemical studies were also characterized with respect to their
ability to recognize different UDPGT isozymes in solubilized
hepatic microsomes of untreated rats and to immunoprecipitate
hepatic microsomal activities catalyzed by these isozymes. On
Western blots, the anti-p-nitrophenol UDPGT recognizes a
single protein in solubilized hepatic microsomes that has a
subunit molecular weight of 56,000: this is the molecular weight
of the monomer of purified p-nitrophenol UDPGT (3). Proteins
at other molecular weights were not immunochemically detect-
able by this antibody in hepatic microsomal preparations from
untreated rats. However, the antibody to p-nitrophenol
UDPGT was not capable of precipitating UDPGT activities
from solubilized microsomes. In contrast, the anti-178-hy-
droxysteroid UDPGT specifically immunoprecipitated 178-hy-
droxysteroid UDPGT-catalyzed activities from hepatic micro-
somal preparations, although it cross-reacted with 3a-hydroxy-
steroid UDPGT in immunoblotting experiments. Conversely,
the anti-3a-hydroxysteroid UDPGT demonstrated cross-reac-
tivity with 178-hydroxysteroid UDPGT in both immunoblot-
ting and immunoprecipitation experiments.

In view of the above findings, it is remarkable to note that
these antibodies specifically recognize distinct UDPGTs in
tissue sections. The intralobular pattern of immunohistochem-
ical staining for p-nitrophenol UDPGT differs markedly from
those observed for the two hydroxysteroid UDPGTSs. Although
hepatocyte staining for p-nitrophenol UDPGT observed in the
present study is similar to that noted by Ullrich et al. (24), the
findings reported in the present communication represent the
first description of the localization of this UDPGT isozyme
within the bile duct epithelium and the endothelium of the
hepatic artery and portal vein. The observation that epithelial

cells of the hepatic bile duct and endothelial cells of the hepatic
artery and portal vein contain an antigen that is recognized by
the anti-p-nitrophenol UDPGT was unexpected. However, this
finding was reproducibly obtained in livers of Sprague-Dawley
and Wistar rats, as well as in rats of other strains, with liver
fixed using a variety of fixatives, and when partially purified
anti-p-nitrophenol UDPGT was employed. Thus, this immu-
nohistochemical result suggests that bile duct epithelial cells
and endothelial cells of the hepatic artery and portal vein
represent other potentially important sites at which xenobiotics
can undergo glucuronidation in the liver. This finding also
serves to illustrate another significant difference that exists
between the p-nitrophenol UDPGT and the two hydroxysteroid
UDPGTSs which appear to be restricted to hepatocytes.

Despite the fact that antibodies to the 3a- and 178-hydroxy-
steroid UDPGTSs are capable of cross-reacting with the heter-
ologous antigen in solubilized hepatic microsomes, such cross-
reactivity does not occur to any significant degree in tissue
sections. For instance, hepatocyte staining for 178-hydroxyste-
roid UDPGT was found to be intense and uniformly distributed
across the lobule in both HA and LA Wistar rats. This obser-
vation is in agreement with the results of biochemical analyses
which have demonstrated that this isozyme’s activity is similar
in livers of HA and LA Wistar rats (16-19). In contrast,
hepatocytes of LA Wistar rats were stained much less intensely
for 3a-hydroxysteroid UDPGT in comparison to that observed
in HA Wistar rats. This finding is entirely consistent with the
fact that 3a-hydroxysteroid UDPGT activity is extremely low
in LA Wistar rat liver (18, 19, 40). Such correlations indicate
that immunohistochemistry provides for a more specific anti-
body-antigen interaction than is obtained with more conven-
tional immunochemical procedures and, furthermore, are con-
sistent with findings on different hepatic microsomal cyto-
chrome P-450 isozymes (33-35, 38).

The explanation for why antigen specificity is retained to a
far greater degree in tissue sections may be related to the
presence of the holoprotein in a more organized and physiolog-
ical state. In immunoblotting and immunoprecipitation proce-
dures, disruption processes associated with the solubilization
of microsomal proteins may result in the exposure of epitopes
that may not be accessible in the native UDPGT proteins as
they exist in tissue sections. Although marked homology has
been observed within the UDPGT family [for example, there
is an 85% amino acid sequence homology between 3«- and 178-
hydroxysteroid UDPGTs (40, 41)], the amino acid sequence of
p-nitrophenol UDPGT is quite different from those of the two
hydroxysteroid UDPGTSs (42). This may explain why the anti-
p-nitrophenol UDPGT demonstrates greater specificity in im-
munoblotting experiments than do the antibodies to 3a- and
178-hydroxysteroid UDPGTs.
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