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ABSTRACT

7-Ethyl-lO-hydroxycamptotbecin (SN-38) is the active metabolite of an
anticancer drug, irinotecan (CFI'-11). Severe late diarrhea is the dose
limiting toxic effect of CPT-11. This diarrhea has been examined regard
hag biliary excretion and deconjugation of SN-38 glucuronide by the
enzyme @3-glucuronidase(13-GL)in intestinal microflora. Prompted by the
enzymological and structural similarity of CPT-11 to organophosphorus
and carbamate insecticides, we studied the effect of CPT-11 on blood
j3-GL activity in rats. The i.v. injection of CPT-11 in rats significantly
elevated their plasma I3-GL activity (with phenolphthalein glucuronide as
a substrate) at doses of 10 and 41 mg/kg, with peak activity observed 2â€”3
h after administration. SN-38 lactone and carboxylate had no effect on the
plasma I3-GLleveL The enhancement of the activity was also observed in
senain using SN-38 glucuronide as a substrate. The senam I3-GL levels
showed a close correlation between these substrates. The enhancement of
plasma (serum) I3-GL activity is suggested to be a result of the release of
I3-GL from liver microsomes, Serum and microsomal carboxylesterase
were not significantly affected by CPT-11 administration.

INTRODUCTION

The major metabolic route of the anticancer drug CPT-1 12 is as
follows: CPT-11 is hydrolyzed to the active metabolite SN-38 (1, 2)
by carboxylesterase (3â€”5);subsequently, SN-38 is conjugated to
SN-38G by UDP-glucuronyltransferase and excreted via bile (6). It is
well known that carboxylesterase is inhibited by organophosphorus
compounds such as diisopropylfluorophosphate. Organophosphorus
and carbamate insecticides were reported to enhance blood (3-GL
activity in rats (7â€”10).We conducted the present study on the effects
of CPT-1 1 on blood f3-GL for the following reasons: (a) CPT-l 1 and
organophosphorus insecticides have similar enzymological character
istics (one is the substrate and the other is the inhibitor of carbox
ylesterase); and (b) the structural similarity of CPT-l 1 and carbamate
insecticides is based on the carbamate bond linking the CVF moiety
and piperidinopiperidine moiety.

Although the (3-GL of microflora and intestinal tissues has been
examined extensively in relation to the pharmacokinetics and the
intestinal toxicity of CPT-11 and its metabolites in rats (11â€”13),no
studies have been conducted on the blood levels of !3-GL after
CPT-11 administration. Based on the findings of Kampo (Chinese
herb) medicines and CVF-11 metabolism (11, 12), Takasuna et a!.
(13) proposed the following hypothesis regarding the mechanism of
induction of dose-limiting diarrhea by CVF-11. SN-38G is deconju
gated by @3-GLof the intestinal microflora; thus, SN-38 is released and
causes mucosal damage. @3-GL in the intestinal flora is therefore

thought to be a key enzyme causing the intestinal toxicity of CPT-1 1
administration.
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In the present study, we observed that i.v. administration of CPT-l 1
elevated blood f3-GL activity in rats.

MATERIALS AND METHODS

Drugs and Reagents. CPT-I 1, SN-38, and SN-38G were provided by
Yakult Honsha Co. (Tokyo, Japan). PPO, pNPA, and CPT were purchased
from Sigma Chemical Co. (St. Louis, MO). Other reagents used were of
analytical or HPLC grade and were obtained from commercial sources.

Animals. Male SD rats were purchased from Japan SLC (Hamamatsu,
Japan) and used for experiments after a 1-week acclimatization. In the pre
liminary study, implantation of the cannula elevated the plasma (3-GLactivity.
Thus, the cannula implantation, performed as described previously (14), was
completed at least 2 h before drug administration.

Preparation of the Injection Solutions. The injection solutions were
prepared as follows just before administration: CPT-l 1 was dissolved in saline
by sonication and heating; SN-38 lactone was prepared by dissolving SN-38 in
DMSO and adding a 10% volume of 10 ms@phosphoric acid; and SN-38
carboxylate was prepared by dissolving SN-38 in 0.1 N NaOH.

Substrates Used in the Enzyme Assay. @3-GLwas assayed using PPG
and/or SN-38G as the substrate. In the carboxylesterase assay, CPT-l I or

pNPA was used as the substrate. The substrate used is presented hereafter in
parentheses after the enzyme name, e.g., f3-GL(SN-38G).

Effects of CPT-11 on Plasma fi-GL. Nonfasted and cannula-implanted
animals (255â€”314g) were iv. injected with CPT-l 1 (2, 10, and 40 mg/kg) or
SN-38 (4 mg/kg lactone and 10 mg/kg carboxylate). Blood (0.2 ml) was

sampled in Eppendorf tubes containing heparin just before drug administration
and at 1, 2, 3, 6, and 9 h (or additionally at 24 h) postinjection. The plasma was
separated immediately by centrifugation and kept on ice until the 13-GL(PPG)
assay.

Effects of CPT-11 on Serum I3-GL and Carboxylesterase. Nonfasted
animals (179â€”204g) were iv. injected with CPT-ll (40 mg/kg) through a tail
vein. Whole blood was collected just before drug injection (from nontreated
animals) and at 2 and 6 h postinjection by cardiac puncture under light ether
anesthesia. The serum was separated after being left standing at room temper
ature for 2 h and then kept on ice until the 13-GL(PPGand SN-38G) and
carboxylesterase(CPT-ll) assays. In the latter assay, aliquots of the 2- and 6-h
serum samples were incubated at 37Â°Cfor 24 h to exclude the inhibition by
coexisting CPT-l 1 carried from serum. These incubated serum samples were
also assayed.

Effects ofCPT-11 on Liver @-GLand Carboxylesterase. Animals (158â€”
183 g) fasted for 24 h were i.v. injected with CPT-l I (40 mg/kg) via a tail vein
and sacrificedjust before the drug injection (nontreated animals) or at 2, 6, and
24 h postinjection by decapitation. The liver was perfused with 20 ml of
ice-cold 1.15% KC1 from the portal vein, removed quickly, and weighed. The
liver cytosol and microsome fraction were prepared by the method of
Hosokawa et a!. (15). The following procedures were then performed at 4Â°C.
Briefly, each liver was homogenized with ice-cold 1.15% KC1 by a Teflon
homogenizer. The 20% homogenate was centrifuged at 9,000 X g for 20 mm.
The aliquot of the supernatant was used for the enzyme assay as 9,000 X g
supernatant. The resultant supernatant was further centrifuged at 105,000 X g
for 1 h. The pellet was suspended in 1.15% KC1and used for @3-GL(PPG)and
carboxylesterase(pNPA) assays as microsome.

Protein Concentration. The protein concentrations of the serum,
9,000 X g supernatant, and microsome samples were determined with the BCA
Protein Assay Reagent (Pierce, Rockford, IL) using BSA as the standard.

@3-GL(PPG)Assay. f3-GL(PPG)was assayed using Sigma Diagnostics
@3-Glucuronidase (procedure number 325) with a modification. Briefly, 20 pi
of assay sample (diluted with the 0.2 M acetate buffer described below, if
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the injection. Neither SN-38 lactone (4 mg/kg) nor carboxylate (10
mg/kg) affected the f3-GL(PPG) activity.

The dose dependency of the enhancement of plasma j3-GL(PPG)
activity by CPT-l 1 is shown in Fig. lB. The lowest dose (2 mg/kg) of
CF-F-i 1 did not significantly elevate the plasma @3-GLactivity, but the
higher doses (10 and 40 mg/kg) elevated the activity to more than
20-fold the predose level. The activity peaked at 2 h (40 mg/kg),
whereas for the lower doses, it peaked at 3 h. The higher two doses
significantly elevated the activity at 1â€”9h after administration
(P < 0.05). At 24 h postinjection, the activity had returned to the
predose level.

Fig. 2 shows the correlation of serum @3-GLactivity on PPG and
SN-38G as the substrate. Whole blood was sampled just before
administration and 2 and 6 h after a 40 mg/kg CPT-1l injection. The
fitted line passed the origin, and a good correlation of the activity
(r 0.9961) was obtained between PPG and SN-38G as the sub
strates. Based on the slope of the fitted line, the serum (3-GL(SN-38G)
activity was about 1.44% of that of 3-GL(PPG) under the above

mentioned assay conditions.
The concomitant serum carboxylesterase(CPT- 11) steady-state ac

tivity and the apparent enzyme quantity are listed in Table 1. The

steady-state enzyme activity was calculated from the slope of the late
linear phase. The apparent enzyme quantity available in the reaction
was estimated based on the intercept of the late linear phase of the
SN-38 concentration-time curve, because a biphasic reaction of
CPT-l 1 to SN-38 by carboxylesterase was reported in rat serum (3).
In the predose serum obtained from the noninjected animals,
the activity was 0.42 pmollmin/mg protein. The carboxylester
ase(CPT-l 1) activity did not change significantly, although it showed

Fig. 1. A, effects of CPT-I I and SN-38 lactone and carboxylate on the plasma 13-GL
activity with PPG as a substrate. The activities are shown as a ratio to the saline-injected
control group values. Samples were collected up to 9 h. Symbols and bars indicate the
mean and SD of three animals. A, SN-38 lactone (4 mg/kg); L@,SN-38 carboxylate (10
mg/kg); â€¢,CPT- 11 (40 mg/kg). B, effects of CPT- 11 dose on plasma @3-GLactivity with
PPG as a substrate. The activity is shown as the ratio to the predose value. Symbols and
bars indicate the mean and SD of five animals. A, 2 mg/kg; & 10 mg/kg; â€¢,40 mg/kg.
The plasma activity was significantly higher than those of the predose values from 1â€”9h
in the 10 and 40 mg/kg CPT-l 1 injection groups.
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necessary), 60 Mlof 0.2 Macetate buffer (pH 4.5), and 20 @.dof 30 mMPPG
were incubated at 56Â°Cfor 30 mm. The reaction was checked to proceed
linearly with time within 1 h. The reaction was stopped by adding 0.5 ml of
2-amino-2-methyl-l-propanol buffer (0.1 M; pH 11) containing 0.2% SDS.
Aliquots (0.2 ml) of reaction mixtures were placed in a 96-well microplate, and
absorbance at 550 nm was measured by microplate spectrophotometer (Spectra

Max250; Molecular Devices Corp., Sunnyvale, CA).
@3-GL(SN-38G) Assay. A 0.1 M acetate buffer (pH 7.1; 890 @l)and 10 p1

of SN-38G (I mg/mI) were preincubated at 37Â°Cfor 5 mm. The reaction was
started by adding 100 p1 of diluted serum with the above-mentioned buffer. A
lOO-p1 aliquot of reaction mixture was serially sampled to a tube containing
400 p1 of 0.15 M H3P04 at 5, 10, 20, and 30 mm. SN-38 concentration was
determined by HPLC as described below.

Carboxylesterase(CPT-11) Assay. The activity of the serum samples ob
tamed at 2 and 6 h was assayed twice because of the possibility that carried
over CPT-l 1from the serum sample might affect the enzyme activity. The first
assay was conducted within a few hours of serum separation. The aliquots of
these serum samples were incubated at 37Â°Cfor 24 h, and then the second
assay was done with the 24-h-incubated serum samples. CVF-l I concentra
tions of incubated serum samples were determined by HPLC as described
below to assure there existed only a small quantity of CPT-l 1.

Sample serum (490 p1) was preincubated at 37Â°Cfor S mm, and the reaction
was started by adding 10 p1 of CPT-l 1 (1 mg/ml). Then, lOO-p1 aliquots of
reaction mixture were serially sampled to tubes containing 400 p1 of 0. 15 M

H3P04 at 5, 10, 20, and 30 mm, which corresponded to the late linear phase
(see â€œResultsâ€•).The SN-38 concentration was determined by HPLC as de
scribed below. The activity was calculated as the slope of the late linear phase
of the SN-38 concentration-time curve. The apparent enzyme quantity was
estimated from the SN-38 concentration by extrapolation of the late linear
phase to time 0.

Carboxylesterase(pNPA) Assay. Carboxylesterase(pNPA) was assayed
by the method of Heymann and Mentlein (16). All steps of the assay were
performed at 30Â°C. Briefly, 1.8 ml of 0.5 m@i pNPA solution preincubated at

30Â°Cwas placed in a thermostatted cell with a 1-cm light path, and 0.2 ml of
0.5 MTris-HCI buffer (pH 8.0) were added. The absorbance at 405 nm change
due to spontaneous degradation of the substrate was monitored every 10 s for
I mm. The enzyme reaction was started by adding 0. 1 ml of the sample, and
the absorbance change was monitored for another 2 mm at the same intervals.
Enzymatic activity was calculated by subtraction of the slope of the first
minute from that of the period from 1â€”3mm.

HPLC Analysis of CPT-11 and SN-38. Half of a ml of 10 mMH3P04
containing I @.tg/mlCPT as the internal standard was added to 0.5-mi samples
from the enzyme assay samples (a mixture of 0. 1 ml of reaction mixture and
0.4 ml of 0.15 MH3P04). The l-ml (total) samples were placed in vial tubes
on the autosampler of an automated solid-phase extraction system (PROS
PEKT; Spark Holland, Emmen, the Netherlands) that was linked to the HPLC
system. A Cartridge-Cl8 Analytichem (Spark Holland) was used for solid
phase extraction. The HPLC system was composed of a Waters 616 pump and
a 470 scanning fluorescence detector (Waters, Milford, MA). The detector was
set at 373 and 428 nm (excitation and emission) from 0â€”2.7mm, at 380 and
540 nm from 2.7â€”4.0mm, and at 373 and 428 nm from 4.0â€”9.0 mm. The
mobile-phase flow rate was 1.5 ml/min at 50Â°C.The mobile phase was 50 mM
KH2PO4:acetonitrile(70:30, v/v) containing 4 m@isodium 1-decanesulfonate
(pH 3.5 with H3P04). The quantification limits of CPT-l I and SN-38 were S
ng/ml, respectively.

Statistics. The Dunnett multiple comparison test was used to test the
difference from the predose value or the saline control group. P < 0.05 was
considered significant.

RESULTS

Effects of CPT-11 on Plasma or Serum Enzyme Activities. Fig.
1A shows the enhancement of plasma @-GL(PPG) activity after
CPT-l 1 and SN-38 lactone and carboxylate i.v. administration (sam
pies were collected up to 9 h). Only CPT-l 1 (40 mg/kg) elevated the
activity (by about 60-fold) compared to that of the saline group at 2 h
after the injection. The activity remained relatively high at 9 h after
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Table 3 Liser carboxylesteraseactivityafterPT-I I i. v.administrationâ€•Time9000

X g supernatant
(nmol/min/mg protein)Microsome (nmol/min/mg protein)

0.96 Â±0.330.67
Â±0.210.63
Â±0.111.00
Â±0.09

2000 4000 6000 8000 10000
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DISCUSSION

Organophosphorus and carbamate insecticides are known to elevate
blood f3-GL activity in rats by releasing this enzyme from liver
microsomes (7â€”10).Egasyn, which is identical to mouse esterase-22
(17) and rat esterase-3 (1 8), serves as an anchor protein between the

microsomal luminal membrane and the 13-GL moiety (19). The serine
residue, the active site of egasyn esterase, binds directly to the
propeptide of 3-GL (19). Medda et a!. (8) reported that the organo
phosphorus compounds released microsomal @3-GLinto the plasma by
binding the egasyn-esterase active site. Organophosphates are known
to inhibit carboxylesterase activity (16) as well as the esterase activity
of egasyn (20). Because CPT-11 is metabolized by carboxylesterase
and the dissociation of the side chain moiety of CPT-l 1 from the
enzyme is very slow (3), CPT-ll would easily bind to the egasyn
esterase active site, after which /3-GL would be released into the
blood. In the present study, the high dose of CPT-1 1 had a plasma
(serum) 13-GL activity elevation effect (Fig. 1, A and B). As shown in
Table 2, only the microsomal (3-GL activity decreased; the nonmicro
somal activity remained relatively unchanged. These results suggested
that the release of @3-GLfrom the liver microsomes to the blood
circulation and thus the plasma (serum) (3-GL enhancement were
induced by the same mechanism as that reported by Medda et aL (8).

The carboxylesterase activity of 2- and 6-h serum samples was
restored by a 24-h incubation (Table 1). The rate-limiting step of this
enzyme is the dissociation of the CPT-l 1 side chain piperidinopip
eridinic acid from the enzyme (3). The serum at 2 and 6 h contains
much CPT-1 1 that was carried over from the injection solution. Under
this condition, further addition of CPT-l 1 as the substrate does not
affect the enzyme reaction, because the reaction has been using
carried-over CPT-l 1 as substrate. Thus, the turnover of the free
enzyme was very small. The CPT-1 1 that originated from serum was
consumed, and the side chain dissociated from the enzyme during the
24-h incubation. By using these incubated samples, the real activity of
2- and 6-h samples could be examined without interference of CPT-l 1
that originated from the serum.

If carboxylesterase was coreleased from microsomes with @3-GL
into the blood, the apparent activity and quantity of carboxylesterase
would elevate. If this were the case, the 2- or 6-h samples after the
24-h incubation would have shown higher activity or a larger quantity.
As shown in Table 1, the serum activity and quantity were not affected

Table 2 Liver @3-GLactivity after CPT.11 iv. administrationâ€•

9000 X g supematant Microsome Nonmicrosome1'
Time (nmol/min/mg protein) (nmol/min/mg protein) (nmol/min/mg protein)

Predose 5.11 Â±1.18 13.61 Â±1.97 2.41 Â±1.26
2 h 3.36 Â±0.43 4.66 Â±l.62c 2.93 Â±0.11
6 h 1.98 Â±0.80' 2.31 Â±l.29c 1.87 Â±0.68
24 h 2.76 Â±0.68c 5.68 Â±l.50'@ lf,43 Â±0.81

a CFI'-ll (40 mg/kg) was iv. injected. @-GL activity was assayed with PPG as a

substrate. Values are the mean Â±SD of four livers.
b The nonmicrosome activity was calculated from the protein concentrations and the

activities of the 9000 x g supernatant and microsome fractions.
C Significantly different from the predose group (Dunnett multiple comparison test,

P < 0.05).

r = 0.9961

001

P-GL(PPG)activity(pmoi/min/mgprotein)

Fig. 2. The correlation of serum @-GLactivity using PPG and SN-38G as a substrate.
Symbols and bars indicate the mean and SD of four animals. The line is fitted and shows
a good correlation between the two substrates. Whole blood was sampled from nontreated
animals and from animals at 2 and 6 h after CPT-ll injection (40 mg/kg). Serum was
separated after standing at room temperature for 2 h.

Table 1 Serum carboxylesterase steady-state activity and enzyme quantity after
CPT-11 i.v. ad,ninistrationâ€•

Activityâ€• Enzyme quantityâ€•
Time (pmol/min/mg protein) (pmol/mg protein)

Predose 0.419Â±0.069 71.18Â±11.96
2 h 0.403 Â±0.172 5.95 Â±0.66c
6 h 0.329 Â±0.073 11.85 Â±1.8lc
2W' 0.349Â±0.113 64.68Â± 16.92
6 hâ€• 0.341Â±0.090 71.33Â±13.69

a CPT-l 1 (40 mg/kg) was iv. injected in rats, and the serum was separated after

standing at room temperature for 2 h. Carboxylesterase activity was assayed with CPT-l I
as a substrate. Values are the mean Â±SD of four animals.

b The carboxylesterase activity was calculated from the slope of the late linear phase
of the SN-38 concentration-time curve. The enzyme quantity was based on the intercept
of the line fitted to the above linear phase.

C Significantly different from the predose value (Dunnett multiple comparison test,

P < 0.05).
d Serum samples collected at 2 and 6 h were incubated at 37Â°C for 24 h without the

substrate to consume the concomitant CFI'-l 1 with serum, which may interfere with the
enzyme activity. The values listed here are those of samples assayed after the 24-h
incubation.

a tendency to decrease with time after the CPT-11 injection. The
apparent enzyme quantity decreased to one-twelfth of the predose
level at 2 h after CPT-1 1 administration. The reduced enzyme levels
of 2- and 6-h serum samples were restored to the predose level by
incubation for 24 h at 37Â°C.

Effects of CPT-11 on Liver Enzyme Activities. Table 2 shows
the 13-GL(PPG) activities of the 9000 X g supernatant and the micro
some and nonmicrosome fractions. The nonmicrosomal activity was
calculated from the activities and protein concentrations of the
9000 x g and microsome fractions. The f3-GL(PPG) activity in the
9000 x g fraction decreased to 66 and 39% of the predose level at 2
and 6 h postinjection, respectively. This tendency was more obvious
in the microsome fraction. The remaining activity was only 17% of
the predose level at the nadir of the activity. The activity restoration
was only 42% of the predose level at 24 h. In contrast, the nonmi
crosomal activity remained relatively constant.

The liver carboxylesterase(pNPA) activities are listed in Table 3.
The fluctuations of these activities were not as large as those of
!3-GL(PPG). In the 9000 x g and microsome fractions, 66 and 71% of
the activity remained at 6 h after the injection, respectively, as the
nadir of the enzyme activity; these levels were not significantly lower
than the predose values.

Predose 3.60Â± 1.11
2 h 2.71 Â±0.74
6 h 2.55 Â±0.42

._@4h 3.02 Â±0.46

aCPT-ll (40mg/kg)wasiv. injected.Carboxylesteraseactivitywasassayedwith
pNPA as a substrate. Values are the mean Â±SD of four livers.
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(i.e., predose versus 2- and 6-h samples incubated for 24 h). Thus, the
secretion of carboxylesterase from microsomes to plasma did not

occur; Medda et a!. similarly reported that egasyn was not released
into plasma (8). In addition, because the remaining carboxylesterase
activity in the microsomes was unaffected (Table 3), egasyn itself

does not seem to participate in the metabolism of CPT-l 1 to SN-38.
Our present results are consistent with those obtained using organo
phosphorus and carbamate compounds (7).

The iv. administration of CPT-l 1 to rats and mice produces unique
plasma SN-38 profiles (1, 14). High doses of CPT-l I give an apparent
steady state, in which the SN-38 concentration remained relatively
constant, from 30 mm postinjection. CPT- 11 dose escalation does not
affect this apparent steady-state SN-38 level but lengthens the dura
tion ofthe steady state (I, 14). Maintenance of the plasma SN-38 level

seems to play a very important role in the pharmacological activities
and toxicity of CPT-l I and SN-38 in rat and mouse models, because
SN-38 has shown time-dependent inhibitory activity against DNA
synthesis (2). One possible mechanism by which the SN-38 level is

maintained is the deconjugation of SN-38G to SN-38, because the
SN-38 level was maintained along with a low SN-38G level under an
incomplete inhibition of plasma 13-GL (data not shown). In addition,

the plasma @-GLactivity was high during the period when the SN-38
level was maintained. A possible mechanism is based on plasma and
microsome carboxylesterase activity enhancement. This possibility is
unlikely, however, because no activity enhancement of carboxyles
terase was observed in the serum or fractions of the liver (Tables 1 and
3). A third possible mechanism is the saturation of UDP-glucuronyl
transferase, and this remains to be further investigated.

CPT-l 1 pharmacokinetics in rats is nonlinear (14), whereas it is
apparently linear in humans (21, 22). But in humans, large interindi
vidual variation in pharmacokinetics is reported (23). SN-38 is mainly
formed in the liver in humans, whereas it is formed in both the liver

and plasma in rats. These findings suggest that SN-38 plasma phar
macokinetics in rats is different from that in humans. Because no
preliminary human data are available at present, we are planning to
study whether CPT- 11 elevates the enzyme level in humans as ob
served in rats.

Several studies have reported a relationship between the severity of
intestinal toxicity and pharmacokinetics of CPT- 1 1 and SN-38. Gupta

et a!. (24) showed the relationship using a biliary index. However,
some studies have found no such relationship (23, 25).

In conclusion, CPT- 11 elevated the blood-circulating f3-GL activity
of rats by releasing the enzyme from liver microsomes. This elevation
coincides with the increase in plasma fJ-GL activity induced by

organophosphate compounds.
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