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ABSTRACT. The role of cysteinylglycine S-conjugate dipeptidases in the intrahepatic mercapturic acid
pathway was investigated in rat liver. Subcellular compartmentation studies and liver perfusions were performed
using monochlorobimane and bimane S-conjugates as model compounds. The major part (over 95%) of total
hepatic cysteinylglycine S-conjugate dipeptidase activity was located in the cytosol. Lower specific activity
appeared in the canalicular plasma membrane fraction. Similar hepatic localization of dipeptidase activity was
seen in the guinea pig. In intact rat liver perfused with monochlorobimane, the major products were the
glutathione S-conjugate (mBSG) and the cysteinylglycine S-conjugate (mBCG) in bile. Minor amounts of the
cysteine S-conjugate (mBCys) and the mercapturic acid (mBNAc) were formed, indicating a limitation in
further metabolism of the dipeptide S-conjugate in the biliary space. However, when the dipeptide S-conjugate
was offered to the sinusoidal space in liver perfusions, substantial uptake and conversion to mBNAc was
observed, and only trace amounts of the infused dipeptide appeared in bile. The data suggest that cytosolic
cysteinylglycine S-conjugate dipeptidase as identified here is involved in hepatic mercapturic acid formation
from sinusoidal cysteinylglycine S-conjugates. This is especially of significance for species such as guinea pig and
human, in which dipeptide S-conjugates are generated in the sinusoidal domain of the liver due to the presence
of high g-glutamyltranspeptidase activity. BIOCHEM PHARMACOL 56;6:763–771, 1998. © 1998 Elsevier Science
Inc.
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The liver plays a major role in the glutathione transferase-
catalyzed formation of glutathione S-conjugates as the
initial step of the mercapturic acid pathway, involved in
detoxication and excretion of xenobiotics [1–4]. In the rat,
glutathione S-conjugates formed in the liver are excreted
into bile, and to a lesser extent into the systemic blood [5,
6]. An interorgan metabolism has been described in which
systemic glutathione S-conjugates are subject to renal deg-
radation via membrane-bound g-GT† and dipeptidases,
followed by N-acetylation to mercapturic acid via microso-
mal N-acetyl-transferase in the liver [7]. The metabolism of
biliary glutathione S-conjugates may involve an enterohe-
patic process [8]. In mammalians such as guinea pig and
human, high in hepatic g-GT activity, an intrahepatic

mercapturic acid pathway has been reported to be of
importance [9–11].

Two membrane-bound dipeptidases, APM (EC 3.4.11.2)
and DHP-I (EC 3.4.13.11) are thought to be responsible for
the hydrolysis of cysteinylglycine S-conjugates [12–15].
The enzymes differ concerning their tissue distribution. In
the rat, APM activity is highest in kidney, brain and small
intestine, while DHP-I activity is high in lung and kidney,
but not in liver [16].

The aim of the present work was to explore the hepatic
subcellular distribution of cysteinylglycine S-conjugate
dipeptidase activities and its possible relevance for intrahe-
patic mercapturic acid formation in guinea pig and rat.
Monochlorobimane and the mercapturic acid pathway
intermediates derived therefrom were used as a homolog
series of substrates to study the different enzyme activities.
Metabolic rates in the intact organ were assessed in in situ rat
liver perfusion studies.

MATERIALS AND METHODS
Materials

mBCl and mBBr were purchased from Molecular Probes
Europe BV (Leiden). DMSO was obtained from EGA-
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Chemie, N-acetylcysteine was from Fluka, and other chem-
icals and biochemicals from Merck, Sigma-Aldrich or
Boehringer–Mannheim. SepPak-C18 cartridges were ob-
tained from Millipore Corp.

Synthesis of Bimane S-Conjugates

The bimane S-conjugates of glutathione, cysteinylglycine,
cysteine, and N-acetylcysteine were synthesized by reaction
of mBBr with the respective thiols by a procedure modified
from [17] as follows. Three milligrams of mBBr were
dissolved in 3 mL of ethanol, and 1.5 equivalents of the
thiol dissolved in 3 mL of 100 mM sodium phosphate (pH
8) were added and incubated under nitrogen in the dark for
2 hr. The mixture was evaporated at 40° to 1 mL of final
volume and extracted with 5 mL of dichloromethane three
times to remove unreacted mBBr. Traces of dichlorometh-
ane were removed under reduced pressure and the solution
was brought to pH 3 with 1 M HCl. Further purification
was performed via elution through SepPak C18 pretreated
with 2 mL of methanol and 5 mL of distilled water. After
loading the sample, the SepPak cartridge was subsequently
washed with 4 mL of 100 mM sodium phosphate buffer (pH
8) to remove the thiols and thiol disulfides, with 3 mL of
water, which removes the salts, and with 4 mL of a 1:1
methanol/water mixture to elute the product. The eluate
was dried under a stream of nitrogen and the final product
(;5 mg) dissolved in 1 mL of water and stored at 220°.
The purity was checked by TLC on cellulose F254 plates
(Merck) using a mixture of 1-butanol/acetic acid/pyridine/
water (15:3:10:12 v/v) as the mobile phase and detection by
fluorescence, UV absorbance and ninhydrin staining. Com-
plete removal of the starting thiols was examined by the
method of Ellman [18]. Concentrations were determined by
absorption measurements at 390 nm using the molar ex-
tinction coefficient of 5300 for mBSG [19], found to be
valid for the other S-conjugates as well (data not shown).

HPLC Analysis

An HPLC system with fluorescence detector from Merck-
Hitachi was used for quantitative analysis of the bimane
S-conjugates. Elutions were performed isocratically on a
LiChrospher reversed phase C18 endcapped column (RP18e,
250 3 4 mm, 5 mm) including a LiChrospher precolumn
(RP18e, 4 3 4 mm) with a mobile phase consisting of 8%
methanol in 20 mM sodium acetate, pH 3.5 at a flow rate
of 1 mL 3 min21. Fluorometric detection was performed at
an excitation wavelength of 390 nm and an emission
wavelength of 482 nm. Retention times for mBSG, mBCG,
mBCys, and mBNAc were 20, 12, 10, and 46 min, respec-
tively.

Rat and Guinea Pig Liver Fractionation

Homogenate, cytosolic and microsomal fractions from liv-
ers of male Wistar rats and male guinea pigs, fed ad lib. and

weighing 250–300 g, were prepared as described in [20].
Basolateral and canalicular enriched liver plasma mem-
branes of both species were isolated according to the
method as described in [21].

Rat Liver Perfusions

Rat livers were perfused in situ in a (non-recirculating)
single pass mode with Krebs–Henseleit buffer saturated
with carbogen (95% O2/5% CO2) at pH 7.4 and 37° with
an influent flow rate of 3–4 mL 3 min21 3 g of liver21

with the bile duct cannulated as described previously [22].
Additions were made from stock solutions via infusion
pumps shunted shortly before the liver [23]. mBCl was
dissolved in DMSO and the bimane S-conjugates in dis-
tilled water. Effluent samples were deproteinized by adding
150 mL of TCA (50%) to 1350 mL of sample. Bile was
collected during 5-min periods in Eppendorf tubes contain-
ing 50 mL of 10% TCA, centrifuged, and the supernatant
diluted 20-fold with 5% TCA. The acidified perfusate and
bile samples were extracted with 500 mL of dichlorometh-
ane in order to remove lipids prior to HPLC analysis.

Enzyme Assays

Marker enzymes were assayed spectrophotometrically, lac-
tate dehydrogenase as described in [24], NADPH-cyto-
chrome c oxidoreductase as in [25], Na,K-ATPase as in
[26], APM as in [27], and g-GT as in [28] with g-glutamyl-
3-carboxy-p-nitroanilide as the artificial substrate.

For measurement of the mercapturic acid pathway en-
zyme activities, methods described for glutathione trans-
ferase [29], g-GT [28], DHP-I [16], and N-acetyltransferase
[7] were modified by replacing the substrates for 1 mM
mBCl or the corresponding bimane S-conjugates. Bestatin
(2 mM) was added in the g-GT assay to prevent further
metabolism of the reaction product via dipeptidases. Incu-
bations were performed for 10 min at 37° at a volume of 1
mL, and 150 mL of aliquots were taken at 2-min time
intervals and stopped with 1350 mL of 5% TCA. Lipids and
nonreacted mBCl in the GST assay were removed from the
samples by extraction with 500 mL of dichloromethane
prior to analysis of the reaction products by HPLC. Protein
was assayed according to Bensadoun and Weinstein [30].

RESULTS
Mercapturic Acid Pathway Enzyme Activities Measured
with Bimane S-Conjugates in Rat and Guinea Pig
Livers

Activities of the mercapturic acid pathway enzymes were
measured in homogenates of rat and guinea pig liver (Table
1) using monochlorobimane and the respective bimane
S-conjugates as substrates (Fig. 1). In rat liver, GST
exhibited by far the highest activity (310 nmol 3 min21 3
mg of protein21), demonstrating the high capacity of this
organ for glutathione S-conjugate formation. Cysteinylgly-
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cine S-conjugate dipeptidase activity was also found to be
relatively high (6.1 nmol 3 min21 3 mg of protein21) as
compared to g-GT (0.73 nmol 3 min21 3 mg of pro-
tein21) and N-acetyltransferase (0.56 nmol 3 min21 3 mg
of protein21). A similar activity pattern was observed in
guinea pig liver, except for g-GT, which was ca. five times
higher than in the rat.

Subcellular Distribution of g-GT and Cysteinylglycine
S-Conjugate Dipeptidase Activities in Rat Liver

While glutathione S-conjugate formation and N-acetyla-
tion are intracellular events, g-glutamyltranspeptidation
and dipeptide S-conjugate hydrolysis are thought to occur
via plasma membrane-bound ectoenzymes. In accordance

TABLE 1. Specific activities of mercapturic acid pathway enzymes in rat and guinea-pig liver
homogenates

Species

Enzyme

GST g-GT mBCG-dipeptidase N-acetyltransferase

Rat 308 6 24 0.73 6 0.04 6.1 6 0.9 0.56 6 0.15
Guinea pig 193 6 14 3.5 6 0.2 2.7 6 0.8 0.61 6 0.1

mBCl, mBSG, mBCG, and mBCys were used as the respective substrates as described in Materials and Methods. Values are
means 6 SEM (N 5 3–4). Enzyme activities are expressed in nmol 3 min21 3 mg of protein21.

FIG. 1. Mercapturic acid pathway with mBCl
as precursor. AA, amino acid as acceptor for
the glutamyl moiety.

Intrahepatic Mercapturic Acid Formation 765



with previous studies [31, 32], we observed that the g-GT
activity in the liver of the rat was located mainly on the
canalicular domain of the plasma membrane (Table 2). A
20-fold enrichment was measured in the canalicular plasma
membrane fraction both with g-glutamyl-3-carboxy-p-ni-
troanilide and the bimane glutathione S-conjugate as
substrate. No significant enrichment was seen in the
sinusoidal and microsomal fractions. This distribution was
similar to that of the canalicular marker enzyme APM.

Interestingly, the main activity of the cysteinylglycine
S-conjugate dipeptidase was confined to the cytosolic
fraction with an enrichment factor of 3.5, equal to that for
the cytosolic marker enzyme lactate dehydrogenase (Table
2). Modest enrichment of this enzyme appeared in the
canalicular, and none in the sinusoidal and microsomal

fractions. Thus, although some dipeptidase activity was
detectable as being membrane-bound, its significance for
the hydrolysis of the bimane S-conjugate and possibly
others is jeopardized in view of the preponderant activity in
the soluble fraction of the cell.

Subcellular Distribution of g-GT and Cysteinylglycine
S-Conjugate Dipeptidase Activities in Guinea Pig Liver

Results obtained on cysteinylglycine S-conjugate dipepti-
dase with guinea pig liver were similar to those described
above for the rat (Table 3). Highest specific activity was
found in the cytosolic fraction. No clear enrichment of the
dipeptidase as compared to the marker enzymes was seen in

TABLE 2. Cysteinylglycine S-conjugate dipeptidase activity in different compartments of the rat hepatocyte

Enzyme

Subcellular Fraction

Homogenate Cytosolic Microsomal

Plasma membranes

Sinusoidal Canalicular

LDH 2740 6 150 9200 6 1517 51.0 6 25.0 — —
(3.4) (0.02)

NADPH-cytc reductase 33.0 6 2.3 ND 194.0 6 11.0 3.6 6 0.1 18.0 6 4.7
(5.9) (0.1) (0.5)

Na, K-ATPase 18.0 6 3.5 1.4 6 0.7 6.4 6 3.2 173.0 6 7.6 ND
(0.08) (0.5) (8.8)

APM 14.0 6 1.5 6.0 6 0.8 23.0 6 2.1 18.0 6 2.2 252 6 32
(0.4) (1.7) (1.3) (18)

g-GT 2.5 6 1.1 ND 2.3 6 0.2 9.0 6 3.2 40.0 6 12.3
(0.9) (3.6) (16)

g-GT (mBSG) 0.73 6 0.04 ND 0.3 6 0.1 1.2 6 0.2 13.0 6 3.2
(0.4) (1.6) (18)

mBCG-dipeptidase 6.1 6 0.9 21.0 6 3.7 5.3 6 1.0 0.69 6 0.1 11.0 6 1.7
(3.5) (0.9) (0.1) (1.9)

LDH, lactate dehydrogenase; APM, aminopeptidase M; g-GT, g-glutamyltransferase; mBCG-dipeptidase, dipeptidase activity measured with mBCG as substrate. Values are means
6 SEM (N 5 4–8) and expressed in nmol 3 min21 3 mg of protein21. Enrichment factors in parentheses. ND: not detectable.

TABLE 3. Cysteinylglycine S-conjugate dipeptidase activity in different compartments of the guinea-pig hepatocyte

Enzyme

Subcellular Fraction

Homogenate Cytosolic Microsomal

Plasma membranes

Sinusoidal Canalicular

LDH 600.0 6 120 980.0 6 160 33.0 6 7.7 — —
(1.60) (0.07)

NADPH-cytc reductase 195.0 6 45.0 4.5 6 2.3 858.0 6 266 12.0 6 2.9 162.0 6 60.0
(0.02) (4.4) (0.06) (0.8)

Na, K-ATPase 14.0 6 2.7 ND 4.9 6 2.4 64.0 6 13.0 ND
(0.3) (4.5)

APM 17.0 6 0.8 13.0 6 0.8 23.0 6 1.7 48.0 6 9.1 125.0 6 14.0
(0.8) (1.3) (2.8) (7.4)

g-GT 17.0 6 2.5 0.5 6 0.1 37.0 6 5.3 47.0 6 9.4 347.0 6 105.0
(0.03) (2.2) (2.8) (21)

g-GT (mBSG) 3.5 6 0.2 ND 3.3 6 0.2 7.0 6 1.8 69.0 6 11.0
(0.9) (2.0) (20)

mBCG-dipeptidase 2.7 6 0.8 5.2 6 1.4 0.54 6 0.2 1.1 6 0.3 3.5 6 0.5
(1.9) (0.2) (0.4) (1.3)

LDH, lactate dehydrogenase; APM, aminopeptidase M; g-GT, g-glutamyltransferase; mBCG-dipeptidase, dipeptidase activity measured with mBCG as substrate. Values are means
6 SEM (N 5 4–8) and expressed in nmol 3 min21 3 mg of protein21. Enrichment factors in parentheses. ND: not detectable.
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sinusoidal and canalicular plasma membranes. Na,K-
ATPase and aminopeptidase M activity measurements
indicate that a separation of these membrane fractions was
achieved, and that the isolation procedure described for the
rat [21] was applicable to guinea pig as well.

Hepatic g-GT activity is known to be much higher in
guinea pig than in rat. This study indicates that the
higher level pertained to both the basolateral and the
canalicular part of the plasma membrane (Table 3). The
canalicular activity exceeded the cysteinylglycine S-
conjugate dipeptidase activity by ca. 20-fold in this
compartment.

In Situ Rat Liver Perfusions

Monochlorobimane, infused at 0.7 mM concentration, was
almost quantitatively S-conjugated, reaching a steady state
after a few minutes (Fig. 2). Eighty percent of the reaction
products was recovered from the bile, and 20% from the
effluent perfusate (Table 4). mBSG and mBCG were the
major products excreted in bile (1.39 and 0.33 nmol 3
min21 3 g of liver21, respectively), in which only minor

FIG. 2. Appearance of the bimane S-conjugates in bile (closed
symbols) and in perfusate (open symbols) formed during perfu-
sion with mBCl. mBCl (0.7 mM; 2.2 nmol 3 min21 3 g of
liver21) was infused between 40 and 60 min. The S-conjugates
which appear are mBSG (circles), mBCG (squares), mBCys
(triangles), and mBNAc (rhombs). Values are means 6 SEM
(N 5 3).
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amounts of mBCys and mBNAc appeared (0.02 and 0.01
nmol 3 min21 3 g of liver21, respectively). In the
effluent perfusate, the glutathione S-conjugate was the
only detectable product (0.45 nmol 3 min21 3 g of
liver21). These data indicate that further degradation of
sinusoidal mBSG and biliary mBCG was not efficient in the
rat, resulting in a lack of mBNAc formation from mBCl.

To investigate this further, perfusions with different
bimane S-conjugates were performed. In line with the limita-
tion of sinusoidal mBSG degradation mentioned above, the
glutathione conjugate passed the liver almost unmetabolized
upon infusion (data not shown). However, mBCG, infused at
0.7 mM of concentration, was subject to extensive metabolism
(Fig. 3, Table 4). Thirty percent of the dipeptide S-conjugate
was converted by the liver to form mBNAc as the main
product (0.47 nmol 3 min21 3 g of liver21). Lower amounts
of the cysteine S-conjugate were released into the effluent
perfusate (0.16 nmol 3 min21 3 g of liver21). mBNAc
appeared in bile and perfusate in almost equal amounts. Both
mBCG and mBCys were hardly detectable in bile (0.007
and 0.006 nmol 3 min21 3 g of liver21, respectively).

Perfusions with mBCys (1.1 mM) showed that this
conjugate was taken up and metabolized to approximately
the same extent as the dipeptide S-conjugate (Table 4).
The mercapturate was rapidly formed in line with results by
Inoue et al. [33] obtained with S-benzylcysteine. mBNAc

was excreted into bile and into the effluent perfusate in
almost equal amounts (0.52 and 0.48 nmol 3 min21 3 g of
liver21, respectively). Only small amounts of mBCys were
found in bile (Table 4 and Fig. 4).

DISCUSSION
Compartmentation of Cysteinylglycine
S-Conjugate Dipeptidase

Early studies on the subcellular distribution of dipeptide
S-conjugate hydrolyzing activity performed on rat kidney
demonstrated the existence of two different brush-border-
membrane enzymes with activity toward cysteinylglycine
S-conjugates, identified as aminopeptidase M and dehy-
dropeptidase I [14, 15, 27]. While the former was shown to
be highly active in kidney, brain and small intestine, the
latter showed high activity in lung and kidney [16]. In liver,
both enzyme activities were only moderate [16]. Immuno-
histochemical studies on the dehydropeptidase I indicated
both brush border and basolateral localization in kidney
[15]. Northern blot analysis revealed the expression of
dehydropeptidase I in lung, kidney and small intestine, but
not in liver [34, 35]. In our study on rat and guinea pig liver,
we found significant cysteinylglycine S-conjugate dipepti-

FIG. 3. Appearance of the bimane S-conjugates in bile (closed
symbols) and in perfusate (open symbols) formed during perfu-
sion with mBCG. mBCG (0.73 mM; 2.3 nmol 3 min21 3 g of
liver21) was infused between 40 and 60 min. The S-conjugates
which appear are mBCG (squares), mBCys (triangles), and
mBNAc (rhombs). Values are 6 SEM (N 5 3).

FIG. 4. Appearance of the bimane S-conjugates in bile (closed
symbols) and in perfusate (open symbols) formed during perfu-
sion with mBCys. mBCys (1.1 mM; 3.6 nmol 3 min21 3 g of
liver21) was infused between 40 and 60 min. The S-conjugates
which appear are mBCys (triangles) and mBNAc (rhombs).
Values are 6 SEM (N 5 5).
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dase activity in isolated canalicular but not in sinusoidal
plasma membranes (Table 2). Unexpectedly, highest spe-
cific activity was seen in the cytosolic fraction. As this
fraction comprised ca. 28% of cellular protein (not shown),
the cytosolic activity was calculated to be over 95% of total.
Thus, in contrast to kidney [13], the major part of S-
conjugate dipeptidase activity in liver was not membrane-
bound. This was also observed in guinea pig liver (Table 3).

Perfusion Studies

We further investigated intrahepatic mercapturic acid for-
mation in in situ rat liver perfusions (single pass) using
monochlorobimane and the S-conjugates derived there-
from. The bimane compounds are highly fluorescent, which
allows sensitive detection both in bile and in the effluent
perfusate. Monochlorobimane is rapidly and quantitatively
S-conjugated within the liver due to the presence of high
amounts of GST (Table 1). In accordance with the known
preferential excretion of glutathione S-conjugates into bile,
approximately 20% of the bimane S-conjugates appeared in
the effluent perfusate, almost exclusively as the glutathione
S-conjugate, and 80% in bile, in which the glutathione and
the cysteinylglycine S-conjugates were the major products
(Fig. 2). In spite of the relatively high dipeptidase activity
present in the liver (Table 1), there was no significant
cysteine S-conjugate and mBNAc formation from mono-
chlorobimane. Similar results were reported previously with
1-chloro-2,4-dinitrobenzene [9]. The lack of further metab-
olism of cysteinylglycine S-conjugate in bile may be related
to the cellular compartmentation of the dipeptidases. Ap-
parently, the intracellular dipeptidase is not accessible to
the biliary dipeptide S-conjugate, and the dipeptidase

activity in the canalicular compartment is not sufficient to
allow for significant hydrolysis.

The hepatic capacity for mercapturic acid formation is
evident from perfusions with the cysteinylglycine and
cysteine S-conjugates (Figs. 3 and 4). It is noteworthy that
during the metabolism of sinusoidal cysteinylglycine S-
conjugate, showing substantial mBNAc formation, rela-
tively low amounts of the dipeptide conjugate were de-
tected in bile (Table 4). The presence of a more than
10-fold higher concentration during infusion with mBCl
did not lead to significant production of either the cysteine
S-conjugate or mBNAc. Thus, when the cysteinylglycine
S-conjugate was generated in the canalicular compartment,
no significant mBNAc formation was observed. However,
when the cysteinylglycine S-conjugate was taken up from
the sinusoidal space at the same rate, there was almost
complete conversion of the dipeptide, mainly to mBNAc.
This shows that the metabolic fate of the intracellular
cysteinylglycine S-conjugate is different from the canalic-
ular, and strongly suggests that the metabolism of the
sinusoidal cysteinylglycine S-conjugate does not involve
canalicular hydrolysis. For this purpose, a function of the
cytosolic enzyme is postulated (Fig. 5).

Dipeptidase activity in the sinusoidal plasma membrane
(Table 2) is too low to account for significant extracellular
degradation in our perfusion studies. Assuming that plasma
membrane protein amounts to ca. 5% of total cellular
protein [36] we calculated sinusoidal hydrolysis of the
cysteinylglycine S-conjugate at 1 mM to be less than 1% of
the observed hepatic dipeptide metabolism. This means
that cellular uptake of the intact dipeptide occurs rather
than sinusoidal degradation followed by uptake of the
cysteine S-conjugate.

FIG. 5. Major pathways of metabolism of mBCl and mBCG infused in perfused rat liver. Flow rates calculated from Table 4 in
parentheses. Dotted lines show the alternative route including canalicular formation and reuptake of the cysteinyl S-conjugate Ref. 3),
thought to be of minor importance here.
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Intra- and Interorgan Mercapturic Acid Formation

It has been suggested that g-GT activity is limiting for
intrahepatic mercapturic acid formation in rat liver and
that the more efficient formation in the guinea pig is due to
the much higher activity of the enzyme in this species.
Sinusoidal activity may play a key role in this respect [3,
37]. Our data support this contention, as both in guinea pig
and in rat canalicular transpeptidase is not, or only partly,
a limiting step (Tables 2 and 3). An intrahepatic mercap-
turic acid pathway could also be of great importance for
humans, who possess high g-GT on the sinusoidal side of
the hepatocyte [38].

An additional important factor would be the partitioning
of glutathione S-conjugate excretion. In the rat, the major
part is transported into bile, and only low amounts into the
sinusoidal space [5]. In other species this is less clear. Two
different glutathione S-conjugate transporters have been
identified, designated MRP1 and MRP2 and belonging to
the ATP-binding cassette family of transporters (39–41;
see 42 for recent review). While MRP2 is highly expressed
in liver and localized exclusively in the canalicular domain
of the plasma membrane [39], MRP1 is thought to possess
a more basolateral localization [40, 42], and is expressed in
several other tissues [41], functioning as a source of systemic
glutathione S-conjugates. Furthermore, the impact of or-
ganic anion transport system(s) present in the hepatic
plasma membrane remains to be elucidated in different
species. Some glutathione S-conjugates, such as the
thioether of sulfobromophthalein, are effectively taken up
by the liver and possibly influence sinusoidal cysteinylgly-
cine S-conjugate formation and further metabolism to the
mercapturic acid.

Inoue et al. [7] pointed out the importance of a hepato-
renal interplay for the metabolism of systemic glutathione
S-conjugates. I.v. injection of S-carbamide methyl glutathi-
one led to an immediate accumulation in the kidney
followed by the appearance of the cysteine and N-acetyl-
cysteine S-conjugates in the liver and excretion of mercap-
turic acid in urine. It was suggested that the kidney is a
major site of transpeptidation and dipeptide hydrolysis,
while the liver is the major site of cysteine S-conjugate
clearance and N-acetylation, in spite of the higher specific
activity of N-acetyltransferase in kidney [7]. Our results
show that not only cysteine S-conjugates, but also cystein-
ylglycine S-conjugates, which may escape renal dipepti-
dases [43], may be effectively taken up and metabolized by
the liver (Fig. 5).

In conclusion, the work presented demonstrates the
existence of substantial cysteinylglycine S-conjugate dipep-
tidase activity in the cytosol of the liver, as observed in rat
and guinea pig. The enzyme may have a central function in
intrahepatic and interorgan mercapturic acid formation
from glutathione S-conjugates, in that it participates in the
metabolism of systemic cysteinylglycine S-conjugates.
These are produced by hepatic sinusoidal g-GT, low in the
rat but high in guinea pig and human, or may reach the

liver from other tissues high in g-GT, such as kidney or
intestine. Whether the cytosolic cysteinylglycine S-conju-
gate dipeptidase is a novel enzyme or one of the known
cellular peptidases with broad substrate selectivity is under
current investigation.
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