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ABSTRACT. We have investigated the conversion of the novel anti-topoisomerase I agent CPT-11 (irinote- 
can; 7-ethyl-10[4-( l-piperidino)-l-piperidino]carbonyloxycamptothecin) to its active metabolite, SN-38 (7- 
ethyl-IO-hydroxycamptothecin), by human liver carboxylesterase (HLC). Production of SN-38 was relatively 
inefficient and was enzyme deacylation rate-limited with a steady-state phase occurring after 15-20 min of 
incubation. This later phase followed Michaelis-Menten kinetics with an apparent K,,, of 52.9 f 5.9 p,M and a 
specific activity of 200 + 10 p,mol/sec/mol. However, the total enzyme concentration estimated from the 

intercept concentrations of SN-38 was much lower than that estimated directly from the titration of active sites 
with paraoxon (0.65 vs. 2.0 FM, respectively). Because deacylation rate-limiting kinetics result in the accumu- 
lation of inactive acyl-enzyme complex, we postulated that incubation of CPT-11 with HLC would result in an 

inhibition of the HLC-catalysed hydrolysis of p-nitrophenylacetate (p-NPA), an excellent substrate for this 
enzyme. Indeed, this was found to be the case although complete inhibition could not be attained. Analysis of 
possible kinetic schemes revealed that the most likely explanation for the disparity in estimated enzyme con- 

centrations and the incomplete inhibition of p-NPA hydrolysis is that CPT-11 also interacts at a modulator site 
on the enzyme, which profoundly reduces substrate hydrolysis. Furthermore, loperamide, a drug often used for the 
treatment of CPT-1 l-associated diarrhea, was found to inhibit both CPT-11 and p-NPA HLC-catalysed hy- 
drolysis, most likely by a similar interaction. These observations have direct implications for the clinical use of 
Cm-11. BIOCHEM PHARMACOL 52:7:1103-1111. 1996. 
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UT-1 l$ is a novel and water-soluble analogue of 20(S)- 

camptothecin [ 11. CPT- 11 displays encouraging activity in 
the treatment of several types of tumours including non- 
small cell lung cancer, colorectal adenocarcinoma, and can- 
cer of the cervix [2]. SN-38, an important metabolite of 
CPT-11, has been shown to be 100-1000 times more po- 
tent than CPT-11 in in vitro and in viva tests of cytotoxicity, 
inhibition of tumour growth, and interaction with topo- 
isomerase I, the presumed target of the camptothecin family 
of compounds [3]. Therefore, CPT- 11 is widely considered 
to be a pro-drug of SN-38. Conversion of CPT-11 to SN- 
38, however, is modest, and, at the doses used in phase II 
trials (>300 mg/m2), most of the drug is excreted as un- 
changed CPT-11 [4]. Furthermore, the plasma concentra- 
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tions of SN-38 are usually one to two orders of magnitude 
lower than those of CPT-11 [4]. The biotransformation of 
CPT-11 in viva is mediated by carboxylesterases [5] and a 
rat serum CPT-11 carboxylesterase has been purified and 
characterized [6]. Detailed analysis of the hydrolysis of 
CPT-11 by the rat serum enzyme has revealed deacylation 
rate-limiting kinetics characterized by an initial rapid re- 
lease of SN-38 followed by a much slower steady-state rate. 
A comparison of liver carboxylesterases from several species 
has shown that the human enzyme is among the least effi- 
cient at catalysing the biotransformation of CPT-11 to SN- 
38 [!I], which may explain the modest conversion of CPT- 
11 to SN-38 observed in patients. 

In this study, we have investigated the hydrolysis of 
CPT-11 by purified HLC in an attempt to understand the 
comparatively low activity of this enzyme. This reaction 
was also probed with studies of the interaction of CPT-11 
and the carboxylesterase substrate p-NPA. 

MATERIALS AND METHODS 
Chemicals 

UT-11 and SN-38, prepared by Yakult (Tokyo, Japan), 
were provided by Rhone-Poulenc Rorer (Neuilly, France). 
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p-NPA, p-NP, paraoxon (diethyl p-nitrophenyl phosphate) 
and loperamide (4-[p-chlorophenyll-4-hydroxy-N,N- 
dimethyl-cx,cc-diphenyl-l-piperidinebutyramide) HCl were 
purchased from the Sigma Chemical Co. (St. Louis, MO, 
U.S.A.). Paraoxon was purified by passing a chloroform 
solution through a column of neutral alumina (activity 
grade I, Sigma), and then removing the chloroform by 
evaporation. All other reagents were of analytical grade or 
above. Stock solutions of loperamide (50 mg/mL) were pre- 
pared in acetonitrile/water (5O:50, v/v) and stored at 4”. 

Carboxylesterase 

HLC (EC 3.1.1.1, mid pI isozyme) was purified as per Ket- 
terman et al. [7]. Following the final purification step, pre- 
parative isoelectric focussing, the enzyme was recovered in 
PBS at a concentration of approximately 2 mg/mL. The 
enzyme, which represents the bulk of the p-NPA-hy- 
drolysing activity of human liver [7], was stored at -70” 
until required. The concentration of the active enzyme was 
estimated by the direct titration of active sites essentially 
according to the method of Horgan et al. [8]. Briefly, the 
release of p-NP was measured following the addition of 50 
FL of the enzyme preparation to 800 I.LL of paraoxon in 
PBS (final concentration = 54.4 FM) after first correcting 
for any free p-NP. This experiment was carried out with a 
Cary 4E spectrophotometer (Varian Australia Pty Ltd., 
Brisbane, Australia) at room temperature. The molar ex- 
tinction coefficient (E) of p-NP in the same conditions was 
determined to be 13,520 Mm’cm-‘. 

HPLC 

The concentrations of total SN-38 produced during the 
incubation of (XT-1 1 with HLC were measured by HPLC 
using a modification of Rivory and Robert [9]. Briefly, sepa- 
ration was carried out using a C-18 NovaPak RadialPak 
column (3 x 25 mm, Waters, Millipore Corp., Milford, 
MA, U.S.A.), preceded by the corresponding GuardPak 
guard column (Waters), at ambient temperature and with a 
solvent flow of 1.5 mL/min. Peak detection was performed 
with a Waters 470 fluorimeter (Waters) with excitation 
and emission wavelengths biased towards SN-38 detection 
at 380 and 540 nm, respectively. The mobile phase con- 
sisted of 23% (v/v) acetonitrile and 77% (v/v) 0.075 M 
ammonium acetate buffer (pH 5.3). The retention times 
were 3 and 4 min, respectively, for CPT-11 and SN-38, 
allowing rapid sample analysis. Samples were loaded into 
disposable mini-vials just prior to analysis, and 20 FL was 
injected by a WISP automatic injector (Waters). Data were 
collected and analysed using Maxima software (Waters). 
Standard samples were prepared from a 1 mg/mL stock so- 
lution of SN-38 in DMSO diluted serially into PBS. Stan- 
dard curves were constructed for each batch of samples and 
were linear over the range of interest (0.1 to 10 FM, T > 
0.99). 

Hydrolysis of CPT-11 

Incubations of HLC with CPT- 11 were carried out in PBS 
at 37” in mini Eppendorf tubes (Sarstedt, Germany). A 
stock solution of CPT-11 (100 mg/mL) was prepared di- 
rectly in PBS, and the pH was corrected to pH 7.4. An 
aliquot of the enzyme stock (10 FL) was added to 70 FL of 
PBS. Following 5 min of equilibration at 37”, the reaction 
was initiated by the addition of the required dilution of the 
CPT-11 stock (20 FL) to yield concentrations of CPT-11 
ranging from 8 to 150 FM in a total of 100 p-L (l/10 
dilution of stock HLC). The tubes were agitated in a shak- 
ing water bath maintained at 37”. Aliquot samples (20 FL) 
were withdrawn at regular intervals and mixed immediately 
with 50 p,L of an ice-cold mixture of acetonitrile, water and 
0.1 N HCl (33:33:33, by vol.) and assayed for total SN-38 
as detailed above. To test inhibition by loperamide, it was 
added to the reaction mixture prior to the additions of 
enzyme and CPT-11. 

Hydrolysis of p-NPA 

The enzymatic hydrolysis of p-NPA was followed spectro- 
photometrically at 400 nm [7] in a Uvikon 810 spectro- 
photometer (Kontron, Schlieren, Switzerland) equipped 
with a thermostatic cuvette holder. Reactions were carried 
out in 2 mL PBS (pH 7.4) at 37” in disposable acrylic 
cuvettes (Sarstedt, Numbrecht, Germany). The order of 
addition of the reactants varied depending on the experi- 
ment. Normally, p-NPA was added to the PBS, and the 
spontaneous rate of hydrolysis was recorded prior to the 
addition of an aliquot (5 FL) of a 1:lO dilution of the 
enzyme stock. The measured initial rate of p-NP release was 
corrected for the observed spontaneous rate of hydrolysis. In 
the CPT-11 preincubation experiments, the enzyme was 
added to the PBS containing the required CPT- 11 concen- 
tration, and the p-NPA was added only after the desired 
period of incubation. In this case, the spontaneous rate of 
hydrolysis was measured independently in parallel experi- 
ments. The extinction coefficient of p-NP, estimated under 
identical conditions as being 13,820 M-‘cm-‘, was used to 
calculate the enzyme-catalysed rate of hydrolysis. Absor- 
bance of the buffer was monitored prior to the addition of 
p-NPA and enzyme to exclude significant baseline shift due 
to interference by CPT-11 or loperamide in the inhibition 
studies. 

Statistics and Kinetic Modelling 

All experiments were performed at least in triplicate. Mi- 
chaelis-Menten and other postulated schemes of enzyme 
kinetics were fitted to the data obtained by non-linear 
least-squares regression (SigmaPlot, Jandel Scientific, Corte 
Madera, CA, U.S.A.) using the inverse of the observed 
standard deviation as weighting. Double-reciprocal plots 
were used for graphical purposes only. Values reported are 
means 5 standard deviation. 



Activation of CPT- 11 by Human Liver Carboxylesterase 1105 

RESULTS 

Carboxylesterase 

The release of p-NP observed during the titration of HLC 
with paraoxon was extremely rapid and attained an equi- 
librium value after only a few seconds. The resulting absor- 
bance corresponded to a concentration of active enzyme of 
20.3 FM. 

Hydrolysis of CPT-11 b HLC 

The production of SN-38 from 100 PM CPT-11 over a 2-hr 
incubation with HLC is shown in Fig. 1. As can be seen, 
there was an initial rapid biotransformation that slowed 
down to reach a steady-state velocity after approximately 
20 min. A linear regression of the concentration versus 
time plot from 30 min onwards yielded a steady-state ve- 
locity and a significant Y-axis intercept. The same time 
points (30, 60, 90, and 120 min) were used to determine 
steady-state kinetics for a range of CPT-11 concentrations 
ranging from 8.8 to 146 FM. All regressions yielded r > 0.99 
(Fig. 2). The velocities and intercepts are shown as a func- 
tion of CPT-11 concentration in Figs. 3 and 4, respectively. 
The intercept concentrations were corrected for a small 
contamination of the CPT-11 by SN-38. Spontaneous hy- 
drolysis of CPT- 11 in the absence of the enzyme could not 
be detected over the time scale of the incubations. 

The velocity (u) and intercept (7) predicted from 
Scheme I in Fig. 5 are [lo]: 

k,EtC vnlaxc 
v=-=- 

Kk+C Kk+C (1) 

50 75 100 125 150 

Time (min) 

FIG. 1. Production of SN-38 during the incubation of HLC 
with (XT.1 1 ( 100 JIM). The rapid early phase slowed down 

FIG. 3. Steady-state rate of production of SN-38 from CPT- 

to reach a steady-state rate. Linear regression (dotted line) of 
11 in the presence (circle) and absence (square) of lop- 

the later phase yielded a steady-state velocity and an inter- 
eramide at a concentration of 50 pM. The solid lines repre- 

cept concentration of SN-38. Data are means * SD, N = 3. 
sent the best fit of the Michaelis-Menten equation (Qua- 
tion 1). Data are means * SD, N = 3. 
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FIG. 2. Steady-state production of SN-38 during the incuba- 
tion of HLC with a range of (XT-1 1 concentrations (circle, 
8.8; square, 18; triangle, 36; inverted triangle, 74; and dia- 
mond, 146 JIM). Data are means * SD, N = 3. 
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FIG. 4. Intercept concentration of SN.38 following the in- 
cubation of (XT-1 1 with HLC in the presence (circle) and 
absence of (square) of loperamide at a concentration of 50 
ph4. The solid lines represent the best fit of the intercept 
equation (Equation 2). Data are means * SD, N = 3. 

respectively, where E, and C are the total enzyme and CPT- 
11 concentrations, respectively. Kk, the apparent Michae- 
lis-Menten constant, is defined as [lo]: 

(k-1 + 0, 

k,k* 
(3) 

Fitting of Equations 1 and 2 to the data presented in Figs. 
3 and 4 yielded estimates of V,,,,, and KL of 0.145 + 0.008 
nmol/hr and 52.9 ? 5.9 ~_LM, respectively, from the velocity 
data, and 0.67 f 0.07 and 15.2 f 3.2 FM for E, and K,‘,,, 
respectively, from the intercept data. There was no obvious 
reason for the disparity in Kk between the two data sets 
except that the intercept is an extrapolated value and may 
be subject to bias, particularly when the reaction velocity is 
low. 

Inhibition of the HLC-Cutalysed 
Hydrolysis of p-NPA b CPT- 11 

Deacylation-limited kinetics occur when k, 4 k, and result 
in the accumulation of the acyl-enzyme complex (EA in 
Scheme I of Fig. 5). Because the kinetics presented in Fig. 
1 are compatible with the accumulation of EA during the 
hydrolysis of UT-1 1 by HLC, we investigated the effect of 
preincubation of HLC with CPT-11 (300 FM) on p-PNA 
hydrolysis (1 mM). As can be seen from Fig. 6A, there was 
a decline in the rate of p-PNA hydrolysis with time of 
incubation. The control (no CPT- 11) experiments also 
showed some decrease. This is likely to be the consequence 
of the extreme dilution of the enzyme because incubations 

Scheme I 

kl kz 
a “I ES- E-----‘EC-EA b 

KS k-1 

Scheme II 

k-r 

Scheme III 

h kz 5 
Esi===EC-E4- 

Scheme IV 

FIG. 5. Kinetic schemes for: (I) the deacylation rate&mited 
hydrolysis of CPT-11; (II) the competitive inhibition of p- 
NPA hydrolysis by CPT-11; (III) the inhibition of p-NPA 
hydrolysis by CPT#l 1 by combined competitive and non- 
competitive mechanisms; and (IV) the substrate modulation 
of CPT#l 1 hydrolysis by non-competitive binding. E, EC, ES 
and EA are free enzyme, enzymeCPT~l1 complex, en* 
zyme-p-NPA complex, and acyl-enzyme complex, respec- 
tively. SN38 is produced from the cleavage of EC with rate 
k2. Deacylation of EA releases free enzyme (E) and bipiper- 
idino carboxylic acid. For the other enzyme species (CES, 
CE and CEC), the prefix C indicates the presence of WT.1 1 
at the modulator site, and Ki is the equilibrium binding con- 
stant for this interaction. The rate constants k,, and ksz 
represent the cleavage of p-NPA to p-NP. In Scheme III, 
full non-competitive inhibition occurs when kJ2 = 0. 

of enzyme at the 400-fold higher concentration used in the 
CPT-11 experiments before dilution and assay with p-NPA 
revealed no loss in activity. Nevertheless, the loss in the 
controls was taken into consideration when estimating the 
percentage of inhibition due to CPT-11 (Fig. 6B), which 
appeared to reach a plateau value after approximately 15 
min. There was some inhibition even when p-NPA was 
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FIG. 6. Rate of hydrolysis of p-NPA in the presence and 
absence of 300 ph4 CPT-11 (A) and the relative inhibition 
(%) of the hydrolysis as a function of time (B). Data are 
means * SD, N = 3. 

added prior to the CPT-11 (zero time). The addition of 
SN-38 (5 I.LM) did not result in any significant inhibition of 
p-NPA hydrolysis (data not shown). 

Experiments were performed to investigate the effect of 
CPT-11 concentration on p-NPA hydrolysis following the 
incubation of HLC with CPT-11 for 15 min at 37”. Because 
the simplest scheme of interaction which could be consid- 
ered was Scheme II of Fig. 5, we used saturating concen- 
trations of p-NPA (see below) to shift the equilibrium 
towards p-NPA hydrolysis. We surmised that this new equi- 
librium would be established rapidly, whereas the acyl- 
enzyme complex, which is extremely stable, would be left 
unaffected. The net effect, therefore, was expected to be a 
decrease in available active enzyme. Control experiments 
were also performed with no preincubation to enable the 
deconvolution of potential inhibitory effects other than 
those due to the time-dependent accumulation of acyl- 
enzyme complex, as follows: 

vp&u = 

E,-EA 

Et ,I 
. ..?(%I = (1 _Yg;:: (4) 

Consistent with our observations shown in Fig. 6, prior 
incubation with CPT-11 resulted in significantly more in- 
hibition of p-NPA hydrolysis (Fig. 7A). Nevertheless, there 
was also some rapid inhibition. The calculated percentage 
of EA, shown in Fig. 7B, reached an apparent maximum of 
57%, inconsistent with Scheme I which predicts that, prior 
to the addition of p-NPA, the percentage of EA should 
follow the relationship: 

gJ%)=&. 100 
t m 

(5) 

and approach 100% at saturating concentrations of 
CPT-11. 

The kinetics of p-NPA hydrolysis at a range of concen- 
trations (0.05 to 1 mM) were investigated at a fixed con- 
centration of CPT-11 (600 PM) without preincubation. 
These results are shown in Fig. 8 and in double-reciprocal 
format in Fig. 9. CPT- 11 resulted in an appreciable reduc- 
tion in the V,, (45.2 f 1.1 vs 59.2 f 2.8 nmol/min) for 
p-NPA hydrolysis, whereas the K,,, estimates were similar 
(0.26 f 0.02 vs 0.23 + 0.03 mM). Although the double- 
reciprocal plot suggests mixed inhibition, the proximity of 
the K,,, estimates indicates that CPT-11 is mostly a non- 
competitive inhibitor of HLC (without preincubation). 
This is at odds with Scheme II. Scheme III (Fig. 5) is 
required to satisfy the observations. 

Interestingly, this type of inhibition, if extended to the 
kinetics of CPT-11 itself as shown in Fig. 5 (Scheme IV), 
would have an effect on both EA at steady state and the 
SN-38 intercept. Because the time required to attain the 
steady-state rate of hydrolysis of CPT-11 is relatively long 
(Fig. l), k, is likely to be small in comparison with the 
other rate constants of Scheme III (except for k,). Hence, 
equilibrium assumptions can be used to obtain the equation 
for the velocity of SN-38 formation at steady state: 

C E, k, & 
I m 

v= 
C’k, K&K, 

(6) 

(K, + K;)k, + ’ + Ki + K,!,, 

The function for the effect of CPT- 11 concentration on 
SN-38 intercept was solved using Laplace equations de- 
scribing the time course of each complex over time and the 
boundary condition E(0) = E,. Only those terms not yield- 
ing negative exponentials (=O at steady state) were in- 
verted. By using the assumption made above that k, is small 
in comparison with the other rate constants (with the no- 
table exception of k,), we obtained: 
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FIG. 7. (A) Rate of hydrolysis of p-NPA as a function of 
CPT. 11 concentration following no preincubation (square) 
or a 15vmin preincubation of HLC with (XT-1 1 (circle). (B) 
Concentration of the acyl-enzyme complex EA as a per. 
centage of the total enzyme E, calculated from the data 
shown in the top panel with Equation 4. The dashed line is 
the line of best fit using Equation 8. Data are means * SD, 
N = 3. 

Et 
7= 

C k, K;K, 2 

(K, + KS, +’ +(K,+Kk)C 1 
It is evident that in the case where the deacylation rate is 
limiting (k3 ==G k,), the C* term in Equation 6 and, in 
particular, the left denominator term in Equation 7 will 
become negligible except when the concentrations of the 
substrate become large relative to the magnitude of the 
equilibrium constants. At lower concentrations, the result 
of this effect will be only minor deviations from Michaelis- 

L. P. Rivoty et al. 

I I I I I 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 

pNPA concentration (mM) 

FIG. 8. Rate of peNPA hydrolysis as a function of p-NPA 
concentration in the presence (circle) and absence (square) 
of 600 JIM CPT-11 (no preincubation). Data are means * 
SD, N = 3. 

Menten kinetics. However, when the data are plotted in 
double-reciprocal format (Fig. lo), there is some apparent 
curvilinearity. This is consistent with the proposed scheme 
because at high concentrations (l/[S]+O), the velocity will 
start declining. One other important difference between 
Equation 2 and Equation 7 is that the maximum intercept 
will be inferior to the actual active enzyme concentration 
by the squared numerator term of Equation 7. Refitting the 

0.16 

0.12 

0.04 

0.00 I I I I I I 

-10 -5 0 5 10 15 20 25 

i/[S] (mM_‘) 

FIG. 9. Data of Fig. 8 plotted in double-reciprocal format. 
Solid lines are the linear regression of the data. 
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FIG. 10. Data of Fig. 3 plotted in double-reciprocal format. 
Note the curvilinearity of the CPT. 11 data without lo- 
peramide co-incubation (square). This is much less marked 
in the presence of loperamide (circle). 

intercept data (Fig. 4) and E, = 2.0 FM yielded an estimate 
of this unitless factor, 0.59 f 0.02. 

With this model, the relative acyl-enzyme complex con- 
centration is equal to: 

. 100 (8) 

and Equation 8, minus the C2 term, was fitted to the results 
shown in Fig. 7. The fit shown was given with K,/(K, + Kk) 
equal to 60.8 * 2.8%, which is in substantial agreement 
with that obtained from the intercept data. The term K,K,!J 
(Ki + K,!J was estimated to be 65.6 f 8.8 FM. Although 
Equation 6 did provide a superior fit to that obtained with 
Equation 1 for the velocity data, the parameters were highly 
correlated with unacceptable standard deviations. Hence, 
the results obtained with the acyl-enzyme data were used to 
solve for K,!,, and K, to yield values of 107 and 167 FM, 
respectively. Using the equilibrium equation for fully non- 
competitive inhibition [l I] and the ratio of the V,,, values 
obtained from the fitting of the data of Fig. 8 to Michaelis- 
Menten kinetics in the absence and presence of 600 FM 
CPT-11 (59.2 f 2.8 and 45.2 f 1.1 nmol/min, respec- 
tively), K, was estimated independently to be 1900 FM. 
This is clearly at odds with the previously determined value 
of 167 PM (from EA data) and suggests that the instanta- 
neous inhibition of p-NPA hydrolysis by CPT-11 is not 
fully non-competitive (i.e. k,, # 0). The adoption of a 
partially non-competitive scheme and K, = 167 FM re- 
quires that k,,/k,, equal 0.69. 

Inhibition of p-NPA Hydrolysis by Loperamide 

Loperamide (200 FM) was found to be a more potent in- 
hibitor of p-NPA hydrolysis than CPT-11 (no incubation). 
Loperamide caused a significant reduction in V,,, (41.9 f 
1 .l vs 60.0 + 3.1 nmol/min) and an increase in K,,, (0.40 f 
0.03 vs 0.24 f 0.03 mM), consistent with a mixed mode of 
inhibition (Figs. 11 and 12). Incubation of loperamide with 
the enzyme prior to assay did not result in a modification of 
this inhibition (results not shown). 

Inhibition of CPT- 11 Hydrolysis by Loperamide 

Loperamide at 50 FM significantly reduced both the V,,,,, 
(0.088 + 0.004 nmol/hr, Fig. 3) of CPT-11 hydrolysis and 
the intercept concentrations of SN-38 (Fig. 4). The appar- 
ent K,,, was increased (82.4 ? 7.4 FM). Interestingly, the 
presence of loperamide caused a straightening of the 
double-reciprocal plot (Fig. lo), suggesting that loperamide 
displaced CPT-11 from the modulator site. 

DISCUSSION 

In this study, we have investigated the hydrolysis of CPT- 
11 catalysed by HLC in an attempt to understand the low 
efficiency of conversion of this promising anti-cancer drug 
to its active metabolite, SN-38. Indeed, the estimated V,,, 
of the steady-state conversion of CPT-11, 0.145 nmol/hr, 
represents an apparent enzyme turn-over time of 1.4 hr, 
whereas that observed for the conversion of p-NPA (V,,, 
= 59.0 nmol/min), achieved with a greatly reduced quantity 
of enzyme, is in the vicinity of only 0.01 sec. This is equiva- 
lent to a ratio of k,,, values of 5 x lo5 in favour of p-NPA 

6o< 

0 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 

pNPA concentration (mM) 

FIG. 11. Rate of peNPA hydrolysis as a function of p-NPA 
concentration in the presence (circle) and absence (square) 
of 200 PM loperamide. Data are means * SD, N = 3. 
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hydrolysis, underlying the dramatic difference in the cleav- 
age rates of the two substrates. The fact that a steady-state 
rate of hydrolysis occurred following a burst release of SN- 
38 confirms that the cleavage of (XT-1 1 by carboxylester- 
ases is deacylation-limited, as reported previously for the rat 
serum enzyme [6] and that the rate of deacylation is ex- 
tremely slow. Nevertheless, this steady-state rate required 
some lo-20 min to be established, indicating that the 
cleavage of the substrate is also a relatively slow step. To 
our knowledge, there has been only one other study of 
UT-1 1 biotransformation by purified HLC [5]. The values 

of K,,, and V,,, reported by Satoh et al. [5] were 0.169 mM 
and 0.161 nmol/mg/min, respectively. In their study, the 
reaction velocities were estimated from a single 2-min time 
point and, therefore, represent mostly the kinetics of the 
initial phase. The enzyme turn-over time can be estimated 
from their data (assuming molecular mass of 62 kDa [7]) to 
be 1.7 hr, a figure very similar to the one observed in our 
study. Given that we measured the slower steady-state 
phase, our enzyme would appear to have a greater specific 
activity. The difference between the K, of the two studies 
can be explained by the fact that studies of the early phase 
will reveal a half-saturation constant somewhere between 
the true Michaelis-Menten constant and Kk as given by 
Equation 3 [lo]. Because k, + k,, the constant measured by 
Satoh et al. would be expected to be substantially larger 
than the Kk estimated in our study. This appears to be the 
case. 

Although the kinetics of CPT-11 appeared to follow Mi- 
chaelis-Menten kinetics (apart from some non-linearity of 
the double-reciprocal plot in Fig. lo), a disparity arose be- 
tween the enzyme concentration estimated from the inter- 
cept kinetics and the actual active site concentration as 
determined by paraoxon titration. Although pure HLC is 
thought to exist as an equilibrium of monomer and trimer 
[12], it is unlikely that a masking of active sites in the 
trimeric form is the reason for the difference. Indeed, the 
kinetics of CPT-11 hydrolysis and the paraoxon titration 
were carried out in the same conditions and at very similar 
enzyme concentrations. Furthermore, the release of p-NP 
from paraoxon reached an equilibrium within a few seconds 
and remained constant thereafter, indicating the absence of 
a slow-dissociation phenomenon. Given the slow nature of 
the deacylation step, even a gradual exchange between the 
various forms of HLC would have resulted in the maximum 
concentration of enzyme being available in the CPT-11 
incubations. Rather, this disparity in enzyme concentration 
was consistent with a scheme of non-competitive inhibi- 
tion and the results obtained with both the intercept data 
and that obtained with the incubation-related inhibition of 
p-NPA hydrolysis by CPT-11 were in excellent agreement. 
We believe that the use of an excellent substrate of car- 
boxylesterase to demonstrate the kinetics of the acyl- 
enzyme complex is a novel approach. Taken together, the 
two sets of results indicate that CPT-11 binds to a modu- 
lator site that reduces the efficiency of the hydrolysis of 
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FIG. 12. Data of Fig. 11 plotted in doublepreciprocal format. 

CPT- 11. There have been other reports of substrate modu- 
lation of hydrolysis by carboxylesterases. In the case of the 
study of Stoops et al. [13] with pig liver carboxylesterase, 
binding of substrate or modifier at the modulator site re- 
sulted in activation of cleavage, and the enzyme appeared 
to behave as two separate isozymes. 

The auto-inhibition of CPT-11 hydrolysis presents a fur- 
ther reason for the apparent inefficiency of the biotransfor- 
mation of CPT-11 by HLC. However, this is a relatively 
modest effect (reduction of apparent active enzyme con- 
centration by approximately half) in comparison with the 
extremely slow deacylation step. Similarly, although the 
non-competitive interaction between CPT-11 and HLC 
also resulted in some inhibition of p-NPA hydrolysis, the 
effect was relatively minor in comparison with the reduc- 
tion in enzyme activity due to the sequestration of enzyme 
as acyl-enzyme complex following a 15min preincubation 
with CPT- 11. 

In a previous study’, we correlated the rate of hydrolysis 
of CPT-11 (10 p,M) and p-NPA (0.5 mM) by microsomes 
prepared from seven human livers and found that the ratio 
of the rates of hydrolysis of the two substrates, when cor- 
rected for protein content, was 1.6 + 0.4 x 10m7. In the 
current study, a similar comparison of the V,,, for the two 
substrates, again adjusted for enzyme content, yielded a 
value of 2 x 10m6. This provides strong support for the thesis 
that HLC, which represents the bulk of the p-NPA hydro- 
lytic activity [7], is also the principal CPT-11-converting 
enzyme of human liver. 

CM-1 1, like all active analogues of 20(S)-camptothecin, 
undergoes a reversible and pH-dependent hydrolysis from 

’ Rivory LP, Haaz M-C and Robert J, unpublished observations 
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the lactone to a ring-opened carboxylate form [14]. In our 
study, CPT-11 was always pre-equilibrated in the identical 
buffer used for the enzyme incubations prior to addition to 
the reaction mixture to remove any effect of lactonolysis on 
the kinetics of CPT- 11. Therefore, the kinetics reported in 
this study represent those of the biotransformation of CPT- 
11 as the mixture of its two forms as they occur in uiuo. This 
does not preclude the possibility that the two forms com- 
pete for a single substrate site and/or that the rate of cleav- 
age of the two forms could be different. We are continuing 
work with HLC to determine whether this is the case. 

Loperamide, which is advocated at high doses for the 
treatment of the tardive and often debilitating diarrhea 
sometimes observed following CPT-11 treatment [15], was 
found to be an inhibitor of CPT- 11 hydrolysis by HLC. 
However, loperamide is usually given at least 8 hr following 
the infusion of CPT- 11 and is, therefore, unlikely to greatly 
influence the proportion of the dose biotransformed to SN- 
38. On the other hand, there was an appreciable sequestra- 
tion of HLC as an inactive acyl-enzyme complex following 
incubation with CPT-11. This raises the possibility that 
CPT-11 could interfere with the metabolism of drugs that 
are also substrates of carboxylesterases, when administered 
following the CPT- 11 infusion. 
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