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Purpose. CPT-11 is a DNA topoisomerase I inhibitor for the therapy of colorectal cancer, whereas St.

John’s Wort (Hypericum perforatum, SJW) is a widely used herbal anti-depressant. This study aimed to

investigate the effects of co-administered SJW on the toxicities and pharmacokinetics of CPT-11 and the

underlying mechanisms.

Methods. The body weight loss, gastrointestinal and hematological toxicities induced by CPT-11, and the

pharmacokinetic parameters of CPT-11 were evaluated in rats pretreated with SJW or vehicle.

Results. Rats treated with CPT-11 alone experienced rapid decrease in body weight, whereas co-

administration of SJW with CPT-11 resulted in lesser body weight loss. The gastrointestinal and

hematological toxicities following CPT-11 injection were both alleviated in the presence of SJW. The rat

pharmacokinetics of both CPT-11 and its metabolite SN-38 were significantly altered in presence of SJW.

Conclusions. In conclusion, co-administered SJW significantly ameliorated the toxicities induced by

CPT-11. The protective effect of SJW may be partially due to pharmacokinetic interaction between

CPT-11 and SJW.

KEY WORDS: CPT-11; pharmacokinetics; St. John’s wort; toxicity.

INTRODUCTION

Irinotecan (CPT-11, Camptosar, 7-ethyl-10-[4-(1-piper-
idino)-1-piperidino] carbonyloxy-camptothecin) is a semisyn-
thetic and water soluble derivative of camptothecin (CPT).
As a potent DNA topoisomerase (Topo) I inhibitor (1,2),
CPT-11 induces tumor cell death due to the stabilization of
Topo I complex and the generation of permanent DNA
strand breaks (3). This agent has shown a wide spectrum of
antitumor activity (4Y6). It has been worldwide approved for

the treatment of colorectal cancers as a first-line therapy in
combination with 5-fluorouracil. CPT-11 also presented
considerable clinical responses for many other malignancies,
including lung, gastric, pancreatic, cervical, and ovarian
cancer, leukemia and lymphoma (7Y11). The metabolic
pathways of CPT-11 in rats and humans are complicated
but similar, despite the presence of some species differences
in the contribution of individual pathways and enzymes
involved. As shown in Fig. 1, in both rats and humans CPT-11
as a prodrug is rapidly hydrolyzed by carboxylesterases to its
active metabolite, 7-ethyl-10-hydroxy-camptothecin (SN-38)
(12Y17). The resultant metabolite, SN-38, is approximately
100Y1,000-fold more cytotoxic than the parent molecule
(18,19). It is subsequently conjugated to form SN-38 glucu-
ronide (SN-38G) by uridine diphosphate glucuronosyltrans-
ferases (UGT1A1/1A9) (19Y22). Notably, SN-38G can be
converted to SN-38 by intestinal b-glucuronidase and reab-
sorbed into the plasma. In both rats and humans, a second
metabolism pathway of CPT-11 is cytochrome P450 (CYP) 3A-
mediated bipiperidine side chain oxidation, resulting in 7-ethyl-
10-[4-N-(5-aminopentanoic acid)-1-piperidino)] carbonyloxy-
camptothecin and 7-ethyl-10-[4-amino-1-piperidino carbon-
yloxy-camptothecin (20,23Y27). However, there are some
species differences in the contribution of individual pathways,
enzymes and transporters involved. Thus, caution should be
taken when extrapolating the results from rats to humans.

The major dose-limiting toxicities of CPT-11 are myelo-
suppression and gastrointestinal toxicity, in particular un-
predictable severe diarrhea (28,29). The latter may have
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early or late onset, that is, occurring <24 h or Q24 h after
administration, respectively. Early-onset diarrhea is observed
immediately after CPT-11 administration and probably due
to acetylcholinesterase inhibition, as it can be abolished by
the use of atropine (30). By contrast, severe late-onset
diarrhea at 3 (severe) or 4 (life-threatening) grade occurs in
up to 40% patients treated with CPT-11 after an average
period of 6 days (31). The biochemical mechanisms for CPT-
11-induced late-onset diarrhea are not fully identified, but it
appears to be associated with intestinal exposure to SN-38.
As the major active metabolite of CPT-11, SN-38 may bind
to intestinal epithelial Topo I and induce cellular apoptosis
(32,33). CPT-11 and SN-38 also induced the secretion of
Na+ and Clj (34) and stimulated the production of pro-
inflammatory cytokines and prostaglandins (35,36). Early
treatment of severe late-onset diarrhea with high-dose
loperamide (a synthetic opiate derivative) resulted in a
decreased diarrhea and patient morbidity (37). Extensive

studies have been carried out to identify other potential
compounds to ameliorate late-onset diarrhea. These included
alkali (e.g., sodium bicarbonate) (38), oral antibiotics (e.g.,
neomycin) (39Y41), enzyme inducers (e.g., phenobarbital)
(42), P-glycoprotein (PgP) inhibitors (e.g., cyclosporine)
(43,44), cyclooxygenase 2 inhibitors (e.g., celecoxib) (45),
herbal components (e.g. baicalin) and blockers of biliary SN-
38 (e.g., probenecid and valproic acid) (46,47). Many of these
agents have been shown to decrease CPT-11-induced diarrhea
in preclinical studies.

St. John’s wort (Hypericum perforatum, SJW) is one of
the most commonly used herbal medicines for the treatment
of mild to moderate depression (48Y50). SJW contains over
two dozen constituents, among which hyperforin and hyper-
icin are the major active components. Extensive preclinical
and clinical studies have reported on the inducing effect of
SJW (mainly via hyperforin) on CYP2B6/CYP3A4 and PgP
(51Y61). More importantly, a number of pharmacokinetic

Fig. 1. The metabolic scheme of CPT-11 in rats.
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and/or pharmacodynamic interactions of SJW with other
clinically important drugs (e.g., cyclosporine, amitriptyline,
digoxin, and methadone) have been reported (62Y64). Further-
more, Hypericin is reported (64) to be the major component
for the inhibition of CYP2C9, 2D6 and 3A4. In a recent
unblinded, randomized crossover study in 5 cancer patients, it
was found that treatment of SJW (900 mg/day, oral) for 18
days decreased the plasma levels of the active metabolite SN-
38 by 42%, which was accompanied by a decreased diarrhea
and myelosuppression (65). Surprisingly, it appeared that the
antitumor activity of CPT-11 was potentiated. The mecha-
nisms by which coadministered SJW resulted in attenuated
CPT-11 toxicity and enhanced anticancer effect are un-
known, but both pharmacokinetic and pharmacodynamic
components have been implicated. As such, this study aimed
to establish a suitable animal model for the combination of
SJW with CPT-11 using rats by examining whether SJW
modulated the toxicity and pharmacokinetics of CPT-11.

MATERIALS AND METHODS

Chemicals

CPT-11 lactone form (diethyl-4,11 hydroxy-4 (piperi-
dino-4 piperidino-carbonyloxy)-9 1H-pyrano (30,40,6,7) indo-
lizino (1,2-b) quinolein-(4H,12H) dione-3,14 hydrochloride
trihydrate, MW = 677.20) and SN-38 (7-ethyl-10-hydroxy-
camptothecin, MW = 392) were supplied by Sinochem
Ningbo Import and Export Co. (Ningbo, China). Both
compounds have a purity of 99.8% as determined by high
performance liquid chromatography (HPLC). An injectable
formulation of CPT-11 was prepared by dissolving CPT-11
(20 mg/ml), D-sorbitol (45 mg/ml) and D-lactic acid (0.9 mg/
ml) in Milli-Q water heated to 70Y90-C for 5Y10 min. The pH
of this clear solution was adjusted to 3.5 by 1 M NaOH. The
resulting solution was then sterile-filtered (0.22 mm, Milli-
pore, MA, USA) and stored at 4-C under dark condition
(45). The SJW sugar-coated tablets [LI-160, 300 mg St. John’s
wort dry extract, DER 3-6:1, solvent methanol 80% (v/v))
were purchased from local pharmacy of Singapore, which
were manufactured by Lichtwer Pharma GmbH (Berlin,
Germany), and the SJW-free control vehicle (also formulated
as sugar-coated tablets) was kindly supplied by Lichtwer
Pharma GmbH (Berlin, Germany). The contents of hypericin
and hyperforin in the SJW tablets have been standardized to
0.3% and 5%, respectively, by manufacturer. Analysis using
HPLC methods at our laboratory found similar contents of
both compounds in the preparations. Prior to use, both
tablets were peeled off the sugar-coat, grinded to powder by
mortar and pestle and stored in the dryer protected from
light. The administration form of SJW or vehicle was prepared
by suspending SJW or vehicle powder in physiological saline
for oral gavage administration. CPT (camptothecin), DMSO
(dimethyl sulfoxide), D-sorbitol, D-lactic acid, the ion-pairing
reagent sodium 1-heptane-sulfonate, lyophilized type IX-A b-
glucuronidase (from Escherichia coli, activity 1,724,400 units
per gram solid), hypericin and hyperforin were all purchased
from Sigma Chemical Co. (St. Louis, MO, USA). The water
used was of Milli-Q grade (Millipore, Bedford, MA, USA)
and all other chemicals were of analytical grade or HPLC
grade obtained from commercial sources.

Animals

Healthy male SpragueYDawley rats (200Y220 g) were
purchased from the Laboratory Animals Centre, National
University of Singapore. Rats housed in cages were kept in a
room under controlled temperature (23Y24-C) and 12-h day-
night cycle. Animals were used for toxicity and pharmacoki-
netic studies after one-week acclimatization with free access
to tap water and regular diet ad libitum. All animal pro-
cedures were approved by the Animal Ethical Committee of
the National University of Singapore.

Toxicity Study

Studies were conducted to investigate whether SJW
modulated the toxicities induced by CPT-11 in rats. The
CPT-11 induced diarrhea model in male SpragueYDawley
rats (n = 6 per group) was constructed as previously des-
cribed (66). Rats were treated with CPT-11 at a dose of 60
mg/kg body weight/day by i.v. injection (3 ml/kg body weight/
day) via tail vein for 4 consecutive days (days 1Y4), or in
combination with SJW (400 mg/kg body weight by oral
gavage for 8 consecutive days, 6 ml/kg) starting one day
before the first CPT-11 injection. The rats in control groups
(CPT-11 only) received SJW-free vehicle (400 mg/kg body
weight by oral gavage for 8 consecutive days, 6 ml/kg).

Additional rats (n = 6) were included to receive CPT-11
for 4 consecutive days with or without SJW (400 mg/kg body
weight by p.o. for 5Y8 consecutive days, 6 ml/kg) combination
and sacrificed by day 5, 7, 9, or 11 to monitor gastrointestinal
damages. Physiological saline was given (3 ml/kg body weight
per day) by i.v. injection through the tail vein for 4 con-
secutive days for the blank groups (n = 6).

The effects of co-administered SJW on the body weight
and severity of CPT-11-induced diarrhea in the rats were
monitored twice a day throughout the study (total 12 days
from the first administration of SJW). Diarrhea observed
after the final injection of CPT-11 (beginning from day 5) in
rats was defined as late-onset diarrhea. The severity of
diarrhea was assigned a score according to the following
rating scale as described previously (45,67):

& 0: normal, normal stool or absent;
& 1: slight, slightly wet and soft stool;
& 2: moderate, wet and unformed stool with moderate

perianal staining of the coat;
& 3: severe, watery stool with severe perianal staining

of the coat.

Rat blood samples (about 300 ml) were collected into the
tubes with K2-EDTA (Microtainer, Becton Dickison and
Company, Franklin Lakes, NJ, USA) prior to drug adminis-
tration and 5, 7, 9, 11 days after first CPT-11 dosage. The
numbers of erythrocyte, lymphocyte, neutrophil, and platelet
were counted using a Sysmex XE-2100 Automated Hema-
tology Analyzer (Sysmex, Mundelein, IL, USA). In some
cases, Wright’s-stained blood smears were prepared for
verifying the counting.

The effects of co-administered SJW on CPT-11-induced
intestinal epithelial injuries in rats were evaluated by ex-
amining the histological changes at macroscopic level. The
experimental rats were sacrificed on days 5, 7, 9, or 11 after
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the first CPT-11 injection, and the intestinal tissues (ileum,
cecum and colon) collected and examined. The scoring for
macroscopic and microscopic evaluation of intestinal damage
were based on changes in epithelial tissues as previously
described (66,68Y70). Normal tissues from healthy rats were
also examined for the purpose of comparison.

Pharmacokinetic Studies

The pharmacokinetic interaction studies included expe-
riments with short-term (3 days) or long-term (14 days)
administration of SJW to rats. Rats were randomized to 4
groups (n = 6 per group) receiving SJW at 400 mg kgj1 dayj1

(6 ml/mg) or SJW-free control vehicle for 3 or 14 consecutive
days by oral gavage before CPT-11 injection. On day 4 or 15,
CPT-11 (60 mg/kg, i.v.) was administered via tail vein. Blood
samples (õ200 ml) were collected into heparinized tubes from
tail vein 0.25, 0.5, 1, 2, 4, 6, 8 and 10 h after CPT-11 injection.
Plasma was obtained by immediate centrifugation at 2500 � g
for 10 min at 4-C, and stored at j80-C until analysis. After
deproteinization, plasma drug concentrations were analysed
by HPLC.

The rat plasma was divided into 2 aliquots (50 mL each):
one for CPT-11 and SN-38 analysis and the other for SN-38G
determination using b-glucuronidase. For CPT-11 and SN-38
concentration determination, each sample was allowed to
thaw at room temperature, and 50 ml of a solution of CPT
(I.S.) (4 mg/ml) and 100 ml of a mixture of acetonitrile-1 mM
orthophosphoric acid (90:10, v/v) was added to 50 ml of
plasma. The tube was vortex-mixed for 10 s, and centrifuged
at 6000 � g for 10 min. An aliquot of 150 ml of the resultant
supernatant was added to 175 ml of 50 mM disodium
hydrogen phosphate (pH 3.0) buffer. After vortex-mixing,
100 ml of this mixture was injected into the HPLC system.

For SN-38G analysis, the b-glucuronidase was then
dissolved in the 0.1 M sodium phosphate buffer (pH 6.4) to
obtain a concentration of 20,000 units/ml. An aliquot of
rat plasma sample (50 ml) was incubated in water bath with
50 ml of the solution of b-glucuronidase (1000 units) for 2 h at
37-C. Then the samples were processed by the same
procedures as for CPT-11 and SN-38, except that the volumes
of all the added solutions were doubled.

High-Performance Liquid Chromatography Method

The rat plasma concentrations of CPT-11, SN-38 and
SN-38G were quantitated by validated HPLC methods. The
chromatographic system consisted of a Shimadzu SCL-10AVP

system controller, a LC-10ATVP pump, a DGU-14A degas-
ser, a RF-10A XL fluorescence detector and a SIL-10ADVP

autoinjector. Data were monitored and analyzed using
CLASS VP software. A stainless steel (200 mm � 4.6 mm
i.d.) analytical column packed with 5 mm Hyperclon ODS
(C18) material (Phenomenex, Torrance, CA, USA) preceded
by a Phenomenex C18 guard cartridge was used for
separation of compounds. The mobile phase was composed
of acetonitrile-50 mM disodium hydrogen phosphate buffer
containing 10 mM sodium 1-heptane-sulfonate, with the
pH adjusted to 3.0 with 85% (w/v) orthophosphoric acid
(27/73, v/v). Prior to use, the mobile phase was filtered
through a 0.45 mm NYLON Membrane filter (Whatman,

Maidstone, UK). The mobile phase was delivered at a flow-
rate of 1.0 ml/min, and the column effluent was monitored at
540 nm (with an excitation wavelength of 380 nm).

Standards were prepared from normal rat blank plasma
spiked with different amounts of CPT-11 and SN-38, both in
acetonitrile-1 mM orthophosphoric acid (90:10, v/v), together
with the corresponding I.S. solution: 100 ml of each solution
(CPT-11, SN-38 and CPT) were added to 100 ml of plasma.
The standards were then analyzed as rat samples collected
from kinetic studies. The calibration curves were constructed
by plotting the peak area ratio of the analyte to I.S. (Y
values) vs. the concentrations spiked (X values). The
linearity of the assay procedure was assessed by means of
visual inspection of scatter plots of Y vs. X and of residuals
vs. fitted Y values. The slope and intercept of the best-fit
linear regression line were determined using the method of
least squares analysis. Concentrations in unknown samples
were calculated from the resulting peak area ratios and the
regression equation of the calibration curve. The limit of
quantification (LOQ) was defined as the lowest drug con-
centration that could be determined with a coefficient of
variation (CV) e 20% and a recovery of 100 T 20% on a day-
to-day basis. All validation runs were performed on three
consecutive days and all samples used for validation were
prepared as standard samples. The recovery was determined
by comparing the peak areas of plasma samples with those
replaced by an equal volume of phosphate-buffered saline at
pH 7.4 after the same sample handling. Within-day and
between-day precision and the mean accuracy were deter-
mined by repeated analysis at different concentrations on a
single day and on 3 consecutive days respectively.

Pharmacokinetic Calculation

Plasma concentration vs. time profiles were obtained
by plotting the mean concentrations of each analyte at each
time point vs. time on a semi-logarithmic scale for each rat
studied. Pharmacokinetics parameters were calculated by
non-compartmental model using WinNonlin program version
1.0 (Scientific Consulting Inc., Cary, NC, USA). The total
areas under plasma concentration-time curve from time zero
to the last quantifiable time point (AUC0Y t) and from time
zero to infinity (AUC0YV) (ng_h/ml) were estimated using
the log-linear trapezoidal rule, while the apparent volume of
distribution (Vd) and plasma clearance (CL) were deter-
mined using the standard formulae. The elimination half-life
(t1/2,z) was calculated as 0.693/lz where lz is the elimination
rate constant calculated from the terminal linear portion of
the log plasma concentration-time curve.

Statistical Analysis

Data are expressed as mean T SD. Diarrhea scores were
analyzed using Wilcoxons rank sum test. Differences be-
tween groups for continuous variables on more than one
occasion were evaluated with repeated measures analysis of
variance (ANOVA). Statistical comparison for macroscopic
intestinal damage was performed using a one-way analysis of
variance (ANOVA) followed by Student-Newman-Keuls test.
Differences between two groups were analysed using unpaired
Student’s t test. Statistical significance was set as p < 0.05.
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RESULTS

Validation of HPLC Method for Determination of CPT-11,
SN-38, and SN-38G in Rat Plasma

Under the chromatographic conditions used for the
analysis of the analytes, the retention times for SN-38, CPT
and CPT-11 were 6.15, 7.80 and 10.04 min (n = 100)
respectively. The peaks for all analytes were slightly skewed
to the right. We evaluated peak skew using the asymmetry
coefficient = da/db, where da is the distance after the peak
maximum and db is the distance before the peak maximum,
both da and db being measured at 10% of the total peak
height. The asymmetry coefficients were between 1.05Y1.40
for SN-38, CPT-11 and CPT. These methods employed a
simple protein precipitation step, with a recovery of 90Y110%
at concentrations of 5Y25,000 ng/ml (0.0074Y36.88 mM) for
CPT-11 and 2Y1,600 ng/ml (0.0051Y4.08 mM) for SN-38. The
recovery of the I.S. determined at the concentration used was
97.2 T 5.1% (n = 6). Matrix-specific interfering peaks that
required modification of the mobile phase composition were
not observed in any cases, including in the presence of drugs
such as St. John’s wort.

Both the compounds gave linear response as a function
of concentration over 5Y25,000 ng/ml (0.0074Y36.88 mM) for
CPT-11 and 2Y1600 ng/mL (0.0051Y4.08 mM) for SN-38. The
mean coefficients of determination (r2 values) for the daily
calibration curves were all >0.999 (n = 6) and the within-
and between-run coefficients of variation (CVs) of the
response factors for each concentration assayed were below
10%. The mean y intercepts were 0.007Y0.05 (n = 6) for both
analytes. For each data point on the calibration curves for
two analytes, the concentrations back-calculated from the
equation of the regression analysis were within acceptable
limits for accuracy and precision of 20%. A linear regression
of the back-calculated concentrations vs. the nominal values
provided a unit slope and an intercept not statistically
significantly different from zero. The distribution of the
residuals showed random variation, was normally distributed
and centered on zero. The bias was not statistically different
from zero, and the 95% confidence intervals included zero
(data not shown).

The LOQ in rat plasma (100-ml aliquot) was 2 ng/ml for
CPT-11 and 1 ng/ml for SN-38 respectively. The differences
between theoretical and actual concentration and the CVs
were less than 15% at any quality control sample concen-

Fig. 2. Plasma concentration-time profiles of CPT-11 and SN-38 in rats receiving CPT-11 alone and in

combination with St. John’s wort. (A) Short-term (3-days) kinetics interaction study; (B) Long-term (14-

days) kinetics interaction study.
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trations. Dilution of CPT-11 and SN-38 at 1:10 gave accept-
able precision (CVs < 7%) and accuracy (86.13Y97.42%).

Effect of SJW Pretreatment on Plasma Pharmacokinetics
of CPT-11, SN-38 and SN-38G in Rats

Figure 2 shows the representative plasma concentration-
time profiles for all analytes studied in rats receiving CPT-11
alone and in combination with SJW. For the short-term
(3 days) study, pretreatment of rats with SJW (p.o. 400 mg/kg
for consecutive 3 days) did not significantly alter the phar-

macokinetic parameters for CPT-11 and SN-38. Interestingly,
AUC0Y10 hr, AUC0YV and t1/2,z for SN-38G were significantly
decreased in rats pretreated with SJW compared to control
rats (Table I).

For the long-term (14 days) study, pretreatment of rats
with SJW (p.o. 400 mg/kg for consecutive 14 days) signifi-
cantly decreased the peak plasma concentration Cmax of
CPT-11 by 74.1%, and increased t1/2,z and Vd by 16.2% and
33.4%, respectively (Table II). However, the AUC0YV and
CL of CPT-11 were not significantly altered. Compared to
the control group, the Cmax and AUC0Y10 hr of SN-38 in SJW-

Table I. Comparison of Pharmacokinetic Parameters Between Two Groups of Rats Receiving CPT-11 Alone or Pretreated with St. John’s

Wort for 3 Days

Treatment groups

Parameters CPT-11 + SJW CPT-11 + vehicle Change (%) p valuea

CPT-11

C0 (ng/ml)b 8966.8 T 1967.2 12140.0 T 6695.3 j26.1 0.212

t1/2,z (h) 1.68 T 0.34 1.85 T 0.32 j9.2 0.229

AUC0 Y10 hr (ng_h/ml) 18523.3 T 3265.2 20959.8 T 3429.0 j11.6 0.152

AUC0YV (ng_h/ml) 18903.4 T 3497.0 21472.7 T 3532.1 j12.0 0.148

Vd (ml/kg) 7799.7 T 1382.0 7533.6 T 1264.6 3.5 0.381

CL (ml/h/kg) 3263.0 T 579.2 2856.8 T 510.9 14.2 0.141

SN-38

C0 (ng/ml) 665.9 T 277.3 846.9 T 136.1 j21.4 0.116

AUC0 Y10 hr (ng_h/ml) 4158.7 T 1544.5 4824.6 T 1079.6 j13.8 0.222

t1/2,z (h) 3.70 T 0.73 3.63 T 0.72 1.9 0.442

AUC0YV (ng_h/ml) 5073.9 T 1600.5 5759.6 T 1360.9 j11.9 0.235

SN-38G

C0 (ng/ml) 2220.4 T 463.3 3124.5 T 1236.3 j28.9 0.072

AUC0 Y10 hr (ng_h/ml) 7332.9 T 1056.5 9943.7 T 2936.8 j26.3 0.043

t1/2,z (h) 2.88 T 0.93 3.88 T 0.71 j25.8 0.033
AUC0YV (ng_h/ml) 8074.6 T 1063.7 11733.8 T 3754.7 j31.2 0.031

a Compared with the controls using Students’ unpaired t test.
b Obtained by back-extrapolation to the zero time using WinNonlin program.

Table II. Comparison of Pharmacokinetic Parameters Between Two Groups of Rats Receiving CPT-11 Alone or Pretreated with St. John’s

Wort for 14 Days

Treatment groups

Parameters CPT-11 + SJW CPT-11 + vehicle Change (%) p valuea

CPT-11

C0 (ng/ml)b 9358.4 T 1971.4 15469.9 T 6206.0 j65.3 0.031

t1/2b (h) 2.01 T 0.31 1.73 T 0.15 16.2 0.043
AUC0 Y10 hr (ng_h/ml) 23227.6 T 4847.1 28678.5 T 9284.8 j19.0 0.140

AUC0YV (ng_h/ml) 23967.5 T 5389.2 29104.7 T 9368.2 j17.7 0.160

Vd (ml/kg) 7393.9 T 1077.5 5541.5 T 1636.8 33.4 0.033

CL (ml/h/kg) 2597.1 T 509.3 2242.4 T 723.5 15.8 0.194

SN-38

C0 (ng/ml) 639.4 T 200.3 1046.9 T 232.2 j38.9 0.004

AUC0 Y10 hr (ng_hr/ml) 4342.7 T 1250.0 5895.3 T 1372.7 j26.3 0.034

t1/2b (h) 4.25 T 1.63 4.82 T 3.81 j11.8 0.374

AUC0YV (ng_h/ml) 5688.7 T 1409.9 8644.4 T 5543.2 j34.2 0.128

SN-38G

C0 (ng/ml) 2681.8 T 963.1 2320.8 T 544.8 15.6 0.224

AUC0 Y10 hr (ng_h/ml) 7038.2 T 1837.7 6523.4 T 1577.1 7.9 0.307

t1/2b (h) 2.61 T 0.50 2.79 T 0.56 j6.5 0.277

AUC0YV (ng_h/ml) 7649.9 T 2293.1 7073.1 T 1688.3 8.2 0.316

a Compared with the controls using Students’ unpaired t test.
b Obtained by back-extrapolation to the zero time using WinNonlin program.
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pretreated rats were significantly reduced by 38.9% and
26.3%, respectively. However, t1/2,z of SN-38 was not
significantly changed. Moreover, pretreatment of rats with
SJW for 14 days did not significantly alter the pharmacoki-
netic parameters of SN-38G.

Effect of SJW Coadministration on the Toxicity
Induced by CPT-11

Rats treated with CPT-11 alone experienced rapid de-
crease in body weight, reached a nadir by day 6 with a de-
crease of 10% compared to the baseline (day 1), and
recovered to 108% of the baseline by day 11 (Fig. 3). Co-
administration of SJW with CPT-11 resulted in significantly
lesser (p = 0.0022, by repeated measures ANOVA test) body
weight loss compared to rats receiving CPT-11 alone, with a
decrease of 3% by day 6 and recovery to 118% of the
baseline by day 11 (Fig. 3). Rats received physiological saline
only had a gradual increase of body weight over 11 days.

Administration of CPT-11 alone at 60 mg/kg by i.v. for
4 consecutive days induced severe early-(days 1Y4) and late-
onset (days 5Y8) diarrhea, with mean severity scores of 0.14,
0.14, 0.43, 1.43, 1.71, 2.07, 1.25 and 0.75 by days 1Y8, re-
spectively (Fig. 4 and Table III). The severity scores for both
early- and late-onset diarrhea were significantly (p < 0.05,
Wilcoxon rank sum test) brought down in rats treated with
CPT-11 in combination of SJW (400 mg/kg, i.p.) (Table III).
Rats receiving physiological saline had no diarrhea.

The counts of neutrophils, lymphocytes and platelets
were significantly decreased and reached a minimum by day
5 or day 7 in rats treated with CPT-11 only (Fig. 5). The
combination of CPT-11 with SJW resulted in lesser decrease
(p < 0.05, by unpaired t-test) in the numbers of these blood
cells. Rats receiving either CPT-11 alone or combination
therapy had significantly increased blood cell number after
day 7.

Marked macroscopic pathological differences were ob-
served in the gastrointestinal tissues between the rats
receiving CPT-11 injection with or without SJW pretreat-
ment. In the control rats receiving CPT-11 with SJW-free
vehicle only, wide macroscopic wall thickening, hyperemia,
hemorrhage, ulceration and adhesion were observed in the

intestinal tissues at days 5 and 7, though these symptoms
were relieved after day 9. Surprisingly, most of these rats ex-
perienced severe stomach swell at the same time. By contrast,
gastrointestinal tissues from rats pretreated with SJW were
significantly (p < 0.05) lesser impaired in the intestinal tissues
(Fig. 6). No tissue damage was observed in the rats treated
with physiological saline.

DISCUSSION

A simple and reliable HPLC method for the determina-
tion of CPT-11, SN-38 and SN-38G in rat plasma was
developed and validated. The presented method was fast
and efficient, with simple sample preparation procedure and
total running time of analytes and I.S. less than 12 min which
was much shorter than those reported previously (about
30Y35 min) (71Y73). We measure all analytes in lactone forms
by acidifying the samples to pH 3.0. In the present study, we
have chosen a mobile phase consisting of acetonitrile-50 mM
disodium hydrogen phosphate buffer containing 10 mM ion-
pairing reagent, sodium 1-heptane-sulfonate, at pH 3.0,

Fig. 3. Body weight changes (% compared to day 1) in two groups

receiving CPT-11 alone or in combination with St. John’s wort.

), blank (physiological saline 3 ml/kg); r, CPT-11 + St. John’s wort;

q, CPT-11 + control vehicle.

Fig. 4. Effect of coadministered St. John’s wort on the early-onset

(A) and late-onset (B) diarrhea induced by CPT-11 in the rat; (C)

represents the combined results of both early- and late-onset

diarrhea.
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resulting in efficient separation between compounds with
suitable retention times. As to the wavelengths, we selected
an excitation wavelength at 380 nm and set the emission
wavelength at 540 nm in favor of SN-38 given that the plasma
concentrations of CPT-11 are often higher than SN-38. The
validated HPLC method has been applied to pharmacoki-
netic studies in rats receiving CPT-11 in the absence and
presence of SJW.

The choice of the doses of SJW and CPT-11 in the
present study was based on the pharmacokinetic, pharmaco-
dynamic and toxicological properties of both compounds and
the nature of the study. For the dose of SJW, we have chosen

400 mg/kg body weight by oral gavage for 8 or 14 days
consecutive days for the toxicity and kinetic study, respec-
tively. Such dose is higher than those used in humans
(900Y1050 mg/day), but it is widely used in rat studies and
significant drug metabolizing enzyme and transporter induc-
ing effects resulting in drug interactions have been observed
(74Y76). This dose also showed no toxicities in rats. The dose
of CPT-11 (60 mg/kg body weight per day by i.v. injection via
tail vein for 4 consecutive days for toxicity studies) used in
our studies is close to the maximum tolerated dose
(21,77Y80), leading to significant blood and intestinal toxic-
ities, but not fatal. A lower dose of CPT-11 such as 30 mg/kg
i.v. for 6 days did not induce or just produced minor early- or
late-onset diarrhea in a pilot study. Due to the study nature
and special properties of SJW, we used different regimens of
SJW for kinetic and toxicological studies. In the kinetic study,
we examined the time-dependent effect of SJW pretreatment
on CPT-11 pharmacokinetic behaviors probably via modula-
tion of drug metabolizing enzymes and transporters, whereas
we concomitantly administered CPT-11 (for 4 days) with
SJW (for 8 days) to observe the toxicological interactions
while incorporating the kinetic factor.

The standard and FDA-approved use of CPT-11 in
clinical setting is at 350 mg/m2 via intravenous injection over
90 min every 3 weeks (81). Thus, we also gave CPT-11 to the
rats by i.v. injection whereas St John’s wort was administered
via gavage to mimic delivery route of the two compounds in
humans, As such, the significantly variable oral absorption of
CPT-11 that has been encountered in preclinical studies and
difficulties in development of acceptable oral formulations of
CPT-11 was sidestepped. However, oral anticancer chemo-
therapy is becoming an accepted and standard approach for

Fig. 6. Scores of macroscopic intestinal (including ileum, colon, and

cecum) damages by days 5, 7, 9 and 11 induced by CPT-11 in rats

pretreated with St. John’s wort or vehicle. Asterisks (*p < 0.05, ***p

< 0.001) denote significant differences between rats pretreated with

St. John’s wort and vehicle.

Fig. 5. Change of blood cell counts in rats treated with CPT-11 alone or in combination with St. John’s

wort. ), blank (physiological saline 3 ml/kg); r, CPT-11 + St. John’s wort; Ì, CPT-11 + control vehicle.

Asterisks (*p < 0.05, **p < 0.01) denote significant differences between rats co-treated with St. John’s

wort and vehicle.
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the treatment of cancer, due to several advantages such as
greater safety and flexibility, reduced financial cost,
improved quality of life, and the potential for improved
efficacy (82,83). To obtain maximal efficacy and minimal
toxicity, appropriate intestinal absorption of oral anti-cancer
agents are required (84). As for CPT-11, a number of
preclinical studies with oral administration have been
conducted (85Y90), but variable absorption, poor efficacy
and considerable toxicity have been observed. Therefore,
novel oral formulations of CPT-11 with good oral absorption
and high bioavailability and acceptable efficacy and toxicity
profiles are needed.

We examined the pharmacokinetic interaction of SJW
with CPT-11 using a rat model. The present study revealed
that long-term exposure to SJW significantly decreases the
Cmax for both CPT-11 and SN-38, and AUC0Y10 hr of SN-38 as
well, whereas short-term (3 days) SJW coadministration did
not significantly alter the pharmacokinetics of CPT-11 and
SN-38. Because SN-38 is the active metabolite of CPT-11, it
may partially explain the finding that coadministered SJW
reduced the gastrointestinal toxicity of CPT-11.

The reason for the reduced plasma SN-38 levels by SJW
may be due to the induced CYP3A expression. SJW is a
potential inducer of CYP3A4 in humans (60,91,92). In a rat
study, the administration of SJW to rats for 14 days resulted
in a 2.5-fold increase in hepatic CYP3A2 expression (74).
This may subsequently lead to the increased metabolism
from CPT-11 to APC and NPC, though the latter one can be
partially converted into SN-38 by carboxylesterases. In
addition, the modulation of glucuronidation of SN-38 by
SJW and its metabolites is also likely, as the rat plasma level
of SN-38G was significantly increased in the short-term
study. This could be due to UGT1A induction by SJW
components, resulting in accelerated SN-38 glucuronidation.
Hyperforin, hypericin and other flavonoids in SJW may be
able to upregulate UGT1A by stabilizing mRNA and
increasing protein expression. Surprisingly, in the long-term
study, the SN-38G levels were not significantly influenced by
SJW, suggesting the inducing effect of SJW on multiple drug
metabolizing enzymes and transporters resulting in negating
effect. The induction of PgP (MDR1) and MRP1-2 by SJW
may contribute to the altered CPT-11’s and SN-38’s phar-
macokinetics, given that CPT-11, SN-38 and SN-38G are
known substrates for PgP, MRP1 and MRP2 (29,93Y97).
Further studies are needed to explore the effects of SJW on
the metabolism and transport of CPT-11 and SN-38.

The Vd of CPT-11 was significantly increased in rats
receiving combination therapy compared to those receiving
CPT-11 alone. It is possible that SJW may influence the
binding of CPT-11 to plasma and tissue proteins.

The results showed that coadministered SJW reduced
the dose-limiting toxicities induced by CPT-11 in rats. This
was indicated by alleviated body weight loss, lower early-and
late-onset diarrhea scores, decrease in neutrophil, lympho-
cyte and platelet numbers, lower macroscopic intestinal
damage. Compared to the control rats without SJW treat-
ment, the body weight loss induced by CPT-11 was much
lesser and recovered more quickly in rats pretreated with
SJW. Both early- (at day 4) and late-onset diarrhea (days
5Y8) were attenuated by the coadministration of SJW. The
numbers of neutrophil, lymphocyte and platelet were lesser

decreased and recovered more rapidly in rats receiving CPT-
11 in combination with SJW. The macroscopic histological
damages in intestinal tissues were also alleviated, and
subsequently the stomach damage was reduced as well. The
swollen stomach induced by CPT-11 may be due to the direct
effect of toxic SN-38 and/or decreased gastrointestinal
peristalsis arising from tissue damage.

One possible mechanism for the protective effect of SJW
on CPT-11-induced diarrhea is a pharmacokinetic interaction
between SJW and CPT-11. However, pharmacodynamic
component may also play an important role. SJW has been
reported to show antiinflammatory effect (98,99) through the
inhibition of NF-kB activation (100), protein kinase C (101),
cytokine production (102), and cytokine-induced expression
of cyclooxygenase-2 (103,104). SJW also reduced tyrosine
phosphorylation of the STAT-1a protein (105).

In summary, coadministered SJW ameliorated the gas-
trointestinal and hematological toxicities of CPT-11 in rats, as
indicated by alleviation of diarrhea and suppression of
decreased leukocyte counts. The data obtained from the
pharmacokinetic interaction studies in rats partially explained
the findings that coadministered SJW reduced the dose-
limiting toxicity of CPT-11. Further studies are warranted to
explore the underlying mechanisms for the observed kinetic
and dynamic interactions between CPT-11 and SJW.
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