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a b s t r a c t

The in vivo and in vitro metabolites of worenine in rat were identified or characterized using a specific
and sensitive liquid chromatography–tandem mass spectrometry (LC–MS/MS) method. In vivo samples
including rat urine, feces, and plasma samples were collected after ingestion of 25 mg/kg worenine to
healthy rats. The in vivo and in vitro samples were cleaned up by a solid-phase extraction procedure (C18
cartridges) and a liquid–liquid extraction procedure, respectively. Then these pretreated samples were
injected into a reversed-phase C18 column with mobile phase of methanol–ammonium acetate (2 mM,
adjusted to pH 3.5 with formic acid) (60:40, v/v) and detected by an on-line MS/MS system. As a result,
at least twenty-seven metabolites and the parent medicine were found in rat urine after ingestion of
worenine. Seven metabolites and the parent medicine were identified or characterized in rat feces. Three
metabolites and the parent medicine were detected in rat plasma. One metabolite was found in the rat
intestinal flora incubation mixture, and three metabolites were characterized in the homogenized liver

incubation mixture. The main phase I metabolism of worenine in rat was dehydrogenization, hydrogena-
tion, hydroxylation, and demethylene reactions, and that of phase II was sulfation and glucuronidation.

© 2009 Elsevier B.V. All rights reserved.
. Introduction

Worenine (structure shown in Fig. 1, existed isomerism) is one
f the bioactive components isolated from Coptidis rhizoma (Huan-
lian), a widely used Traditional Chinese Medicine, which has been
sed for centuries for the treatment of dysentery, hypertension,

nflammation, and liver diseases [1,2]. Despite its important ther-
peutic value, its in vivo or in vitro metabolism is not clear yet. Up
ill now, the works only focused on the qualitative determination
f worenine in plant [3,4].

Liquid chromatography–tandem mass spectrometry
LC–MS/MS) has been proven to be a powerful analytical tool
or the identification of medicine and its metabolites in biological

atrices due to its high sensitivity and specificity [5–8]. It is
specially suitable for the analysis of thermolabile, highly polar

nd non-volatile metabolites. MS/MS technique has made possible
he acquisition of structurally informative data from protonated

olecules of analytes of interest, even when they are not resolved
hromatographically [9,10]. Structural elucidation of medicine

∗ Corresponding author. Tel.: +86 27 62056293.
E-mail address: hxch@hubu.edu.cn (H. Chen).

731-7085/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2009.08.026
metabolites using LC–MS/MS is based on the premise that metabo-
lites retain the substructures of the parent medicine molecule.
MS–MS product ion spectrum of each metabolite provides detailed
substructural information of its structure. So, using the product
ion spectrum of parent medicine as a substructural template,
metabolites presented in crude mixtures may be rapidly identified
and detected based on their changes in molecular masses (�M)
and spectral patterns of product ions, even without standards for
each metabolite [11,12].

For studying the metabolism of worenine comprehensively, this
work presents the metabolism of worenine in rat urine, feces and
plasma. The present study also involves incubation of worenine
with intestinal flora and homogenized liver in order to clarify
its in vivo and in vitro metabolic pathway. The parent medicine
and its twenty-seven metabolites were detected in rat urine after
administration of worenine orally. Seven metabolites and the par-
ent medicine were identified or characterized in rat feces. Three
metabolites and the parent medicine were detected in rat plasma.

Only one metabolite was found in the rat intestinal flora incubation
mixture, and three metabolites were characterized in the homoge-
nized liver incubation mixture. All the results were reported for the
first time. These results will be useful for future studies involving
worenine, such as clinical therapy.

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:hxch@hubu.edu.cn
dx.doi.org/10.1016/j.jpba.2009.08.026
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Fig. 1. The structure of worenine.

. Experimental

.1. Reagents and chemicals

Worenine was purchased from Beijing Hengye Zhongyuan
hemical Co., Ltd. (China). �-Glucuronidase (from Escherichia coli)
as purchased from Sigma (St. Louis, MO, USA). Methanol was of
PLC grade (Fisher Chemical Co. Inc., CA, USA). Distilled water, pre-
ared from demineralised water, was used throughout the study.
ther reagents used were of analytical grade.

.2. Instrumentation

LC–MS and LC–MS/MS experiments were performed on an LCQ
uo quadrupole ion trap mass spectrometer with a TSP4000 HPLC
ump and a TSP AS3000 autosampler using positive electrospray as
he ionization process (all components from Finnigan, Austin, TX,
SA). A high-speed desk centrifuge (TGL-16C, Shanghai Anting Sci-
ntific Instrument Factory, Shanghai, China) was used to centrifuge
amples. The urine samples were extracted on a C18 solid-phase
xtraction (SPE) cartridge (3 ml/200 mg, AccuBond, Agilent, Wash-
ngton, DC, USA). The intestinal incubation experiments were
arried out in anaerobic incubation bags (AnaeroPouchTM-Anaero
8G05A-23, Mitsubishi Gas Chemical Company Inc., Chiyoda-ku,
apan) using anaerobic-generating bags (Mitsubishi Gas Chemical
ompany Inc.).

.3. Sample preparation

.3.1. In vivo samples
Six male Wistar rats (200 ± 5 g, 2 months old, Hubei Experimen-

al Animal Research Center, China) were housed in metabolic cages
or the collection of urine, feces and plasma. The rats were fasted
or 24 h but with access to water, and then administered a single
ose of worenine (25 mg/kg) by oral gavage. Urine samples were
ollected during the time period 0–48 h and centrifuged at 3000 × g
or 10 min. Feces were collected individually during the time period
f 0–24 h. The urine and feces samples were stored at −20 ◦C until
nalysis. Heparinized blood samples of 200 �l were collected at 1,
, 4, 8, and 12 h from the ophthalmic veins of the rats by sterile cap-

llary tube, then, shaken up and centrifuged at 2000 × g for 10 min.
he supernatants were decanted, and immediately frozen at −20 ◦C
ntil analysis.

.3.1.1. Urine extraction. Free fraction. An aliquot of 1 ml of mixed
–48 h urine samples was loaded onto a C18 SPE cartridge that was
reconditioned with 2 ml of methanol and 1 ml of water. Then, the
PE cartridge was washed with 2 ml of water and the analytes were
luted with 1 ml of methanol. The effluent was filtered through
.45 �m membrane and an aliquot of 10 �l was used for LC–MS/MS

nalyses.

Acidic hydrolysis. After optimizing the acidity and the heated
ime, 0.8 ml of 6 M HCl and 50 mg of cysteine were added to 1 ml
f mixed 0–48 h urine samples. The mixture was heated at 100 ◦C
or 60 min. After cooling to room temperature, it was neutralized to
Biomedical Analysis 51 (2010) 236–243 237

pH 8 with 6 M NaOH and extracted with SPE cartridge immediately,
just like the procedure mentioned above.

Enzymatic hydrolysis. After optimizing the acidity, temperature,
enzymatic content and the time of hydrolysis, 1 ml of mixed 0–48 h
urine samples was adjusted to pH 5.0 with a few drops of glacial
acetic acid. Then, 0.5 ml of acetate buffer (0.5 mol/L, pH 5.0) and
0.2 ml of �-glucuronidase from E. coli (10,000 units/ml) were added
to the solution prior to enzymatic hydrolyses. It took 5 h at 37 ◦C.
After cooling, the solution was adjusted to pH 8 with 6 M NaOH and
extracted with SPE cartridge immediately, just like the procedure
mentioned above.

Free fraction was used for the comprehensive LC–MS/MS anal-
yses of worenine and its metabolites. The target solutions after
acidic and enzymatic hydrolyses were only used to assist in the
investigation of phase II metabolites.

2.3.1.2. Feces and plasma extraction. The feces sample was homog-
enized with water. An aliquot of 500 �l feces homogenate was
extracted twice with 1 ml of ethyl acetate after adding 50 �l of
0.001% Na2CO3 solution. The supernatant ethyl acetate layers were
decanted, pooled and evaporated at 37 ◦C under nitrogen stream.
The residue was redissolved in 500 �l of mobile phase and filtered
through 0.45 �m membrane and an aliquot of 10 �l was used for
LC–MS/MS analyses.

The plasma samples were added 300 �l of methanol to precip-
itate plasma proteins, and then centrifuged at 2000 × g for 10 min.
The supernatant was filtered through 0.45 �m membrane and an
aliquot of 10 �l was used for LC–MS/MS analyses.

2.3.2. In vitro samples
Preparation of anaerobic cultural solutions [13]. 37.5 ml A solution

(0.78% K2HPO4), 37.5 ml B solution (0.47% KH2PO4, 1.18% NaCl, 1.2%
(NH4)2SO4, 0.12% CaCl2, 0.25% MgSO4·H2O), 50 ml C solution (8%
Na2CO3), 0.5 g l-cysteine, 2 ml 25% l-ascorbic acid, 1 g eurythrol, 1 g
tryptone and 1 g nutrient agar were mixed together, and diluted to
1 l with distilled water. HCl (2 M) was used to adjust the solution
to pH 7.5–8.0.

Metabolism in intestinal bacteria. The fresh intestinal contents
were obtained from male Wistar rats (200 g, 2 months old). Samples
were homogenized with a glass rod in anaerobic cultural solution
at the rate of 0.5 g:1.5 ml immediately. Then, the homogenate was
filtrated using gauze. Worenine was added into the above intesti-
nal flora cultural solution to a final concentration of 50 �g/ml. The
culture dishes were put in anaerobic incubation bags. The out bags
of anaerobic-generating bags were opened, and put into anaerobic
incubation bags immediately, then sealed. Incubations were carried
out in a shaking water-bath at 37 ◦C anaerobically. The incubation
was continued for 4 and 24 h, terminated and extracted (twice) with
ethyl acetate. The organic extracts were merged and evaporated at
37 ◦C under nitrogen stream. The residues were reconstituted in
0.6 ml of mobile phase, centrifuged at 13,000 × g for 10 min. The
supernatant was used for LC–MS/MS analyses.

Preparation and incubation of liver homogenate. Male Wistar rats
(200 g, 2 months old) were fasted for 24 h and killed by decapitation
between 10 a.m. and noon. A weighed amount of liver was rapidly
placed on ice. It was rinsed twice with saline and immediately
minced with scissors and homogenized in ice-cold Krebs–Henseleit
buffer (pH 7.4) [14] after sterilization to yield liver homogenate
(0.4 g/ml). All the above steps were carried out at 0–4 ◦C. The
concentration of P450 was detected by spectrophotometry [15].
Worenine was added to liver homogenate at a concentration of

50 �g/ml. The mixture was incubated at 37 C with shaking. The
incubation time was varied from 0, 30, 60, 90, 120 to 240 min. The
gas phase was oxygen. After the termination of incubation the mix-
ture was extracted twice with equal volumes of ethyl acetate. The
organic extracts were merged and evaporated at 37 ◦C under a slow
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Fig. 2. Full scan MS spectrum (A), full scan MS2 product i

tream of nitrogen. The residues were reconstituted in 0.6 ml of
obile phase, centrifuged at 13,000 × g for 10 min. The supernatant
as used for LC–MS/MS analyses. The blank experiment was carried

ut under the same conditions by replacing the liver homogenate
ith Krebs–Henseleit buffer.

.4. Chromatography and mass spectrometry

A reversed-phase column (Dionext-C18, 5 �m,
.6 mm × 250 mm i.d., Sunnyvale, USA) was connected with a
uard column (cartridge 2.1 mm × 12.5 mm, 5 �m, Dionex, Sunny-
ale, CA, USA) filled with the same packing material to separate
orenine and its metabolites. The temperature of the column
as set at 25 ◦C. The mobile phase consisted of methanol and
mmonium acetate (2 mM, adjusted to pH 3.5 with formic acid)
60:40, v/v). The flow rate was 0.2 ml/min during the whole run.

ass spectral analyses were carried out in positive ion detection
ode. Nitrogen was used as the sheath gas (36 a.u.). The MS

nalyses were performed under automatic gain control conditions,

able 1
omparison between different extraction procedures.

Analyte [M]+ tR (min) Peak area (×105)

Free SPE fraction Acidic fraction

M0 334 4.12 332.0 340.2
M1 336 3.85 121.7 139.5
M2 338 3.66 100.5 134.6
M3 322 3.84 12.7 25.4
M4 324 3.49 19.4 35.0
M5 310 3.82 65.9 77.4
M6 350 3.66 32.1 39.0
M7 366 3.78 6.5 5.0
M8 382 3.80 7.0 7.5
M9 332 3.91 10.1 11.6
M10 320 3.65 12.3 20.7
M11 308 3.73 15.3 21.3
M12 388 3.38 1.8 –
M13 400 3.23 5.9 –
M14 416 3.46 8.2 –
M15 418 3.21 12.8 Trace
M16 484 3.32 0.4 –
M17 486 3.19 11.0 –
M18 496 3.27 3.3 –
M19 498 3.35 8.3 –
M20 500 3.60 6.2 –
M21 512 3.37 13.1 –
M22 514 3.29 17.2 Trace
M23 526 3.41 4.6 –
M24 660 3.11 1.8 –
M25 662 3.30 0.7 –
M26 674 3.52 3.0 –
M27 676 3.40 5.8 –

: urine; B: feces; D: plasma; C: intestinal incubation; E: liver homogenate incubation; +:
ectrum (B) and LC–MS2 chromatogram (C) of worenine.

using a typical source spray voltage of 3.0 kV, a capillary voltage
of 12 V and a heated capillary temperature of 300 ◦C. The other
parameters were also optimized for maximum abundance of the
ions of interest by the automatic tune procedure of the instru-
ment. The MS/MS product ion spectra were produced by collision
induced dissociation of the molecular ion [M]+ of all analytes. Data
acquisition was performed in full scan LC–MS and tandem MS
modes.

3. Results and discussion

3.1. LC–MS and LC–MS/MS analyses of substrate

The chromatographic and mass spectrometry conditions were

optimized with the use of worenine. Full scan mass spectral analysis
of worenine showed the presence of [M]+ (m/z 334) (Fig. 2A). The
MS–MS product ion spectrum of worenine (m/z 334) was shown
in Fig. 2B. Worenine was eluted at 4.12 min (Fig. 2C). Fragmenta-
tion of molecule of worenine in the ion trap lead to five product

A B C D E

Enzymatic fraction

338.1 + + + + +
128.2 + + + + +
114.2 + + − − −
22.9 + + + − +
32.7 + + − − −
73.2 + + − − −
36.1 + + + − +
7.6 + + − − −
7.1 + − − − −
9.3 + − − − −
16.1 + − − − −
17.0 + − − − −
1.1 + − − − −
5.3 + − − − −
8.2 + − − − −
11.2 + − − − −
– + − − − −
– + − − − −
– + − − − −
– + − − − −
– + − − − −
Trace + − − − −
Trace + − − − −
– + − − − −
– + − − − −
– + − − − −
– + − − − −
– + − − − −

found; −: not found.
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Fig. 3. MS2 product ion spectra of wore

ons at m/z: 332, 318, 306, 304, 292 and 276. The most abundant
roduct ion at m/z 306 was produced by the loss of CO (28 Da). The
ubordinate product ions at m/z 332 were formed by the loss of
2 (2 Da). The product ion at m/z 304 was formed by the loss of
O + H2 (30 Da). The product ion at m/z 292 was formed by the loss
f CH2 + CO (42 Da). The product ion at m/z 276 was formed by the
oss of H2 + 2CO (58 Da). It could be concluded that the ions at m/z
32, 318, 306, 304, 292 and 276 were the characteristic product

ons of worenine. 2, 16, 28, 30, 42 and 58 Da were the character-
stic neutral losses of worenine. These characteristic product ions
nd neutral losses were the sound bases to identify metabolites of
orenine.

.2. In vivo metabolism study

.2.1. Characterization of metabolites in rat urine
The full scan mass spectrum of free fraction of rat urine after
dministration of worenine was compared with those of blank
rine samples and worenine solution to find out the possible
etabolites in rat urine. Then, these compounds were analyzed

y LC–MS/MS. Their retention times, changes in observed mass
nd spectral patterns of product ions were compared with those
nd its phase I metabolites in rat urine.

of worenine standard to identify metabolites and elucidate their
structures.

Based on the method mentioned above, the parent medicine and
its main metabolites were found in rat urine (mixed 0–48 h urine
samples) after administration of worenine. Their molecular ions
([M]+) were at m/z 308, 310, 320, 322, 324, 332, 334, 336, 338, 350,
366, 382, 388, 400, 416, 418, 484, 486, 496, 498, 500, 512, 514, 526,
660, 662, 674 and 676, respectively. Their retention times (Table 1)
were all shorter than that of worenine, which accorded with the
metabolism rule of medicines.

LC–MS/MS spectra of the metabolites of worenine were
obtained via fragmentation of molecular ions that used for more
precise structural identification of metabolites. The MS2 product
ion spectra of these analytes were shown in Figs. 3 and 4. Among
them, the retention time, the MS and MS2 spectra of the molecular
ion at m/z 334 (M0, Fig. 3A) were the same as those of wore-
nine. Therefore, M0 could be confirmed as the unchanged parent

medicine.

The molecular ion at m/z 336 (M1) and its product ions at m/z
334, 320, 308, 306, 294 and 278 (Fig. 3B) were all 2 Da more than
m/z 334 and its product ions at m/z 332, 318, 306, 304, 292 and 276,
respectively. Therefore, M1 should be the hydrogenation product
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Fig. 4. MS2 product ion spectra of phase II metabolites of worenine in rat urine.
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f worenine, along with the breaking reaction of C–O bond of the
-membered ring. The molecular ion at m/z 338 (M2) and its prod-
ct ions at m/z 336, 322, 310, 308, 296 and 280 (Fig. 3C) were all
Da more than m/z 334 and its product ions at m/z 332, 318, 306,
04, 292 and 276, respectively. Therefore, M2 should be the hydro-
enation product of worenine, along with the breaking reaction of
–O bond of the two 5-membered rings.

The molecular ion at m/z 322 (M3) and its product ions at m/z
20, 306, 294, 292 and 280 (Fig. 3D) were all 12 Da less than m/z
34 (M0) and its product ions at m/z 332, 318, 306, 304 and 292,
espectively. Therefore, M3 should be the demethylene product of
orenine. Also, the molecular ion at m/z 310 (M4) (Fig. 3E) was

dentified as the de-dimethylene product of worenine as the same
eason.

The molecular ion at m/z 324 (M5) and its product ions at m/z
22, 308, 296 and 294 (Fig. 3F) were all 14 Da less than m/z 338
M2) and its product ions m/z 336, 322, 310 and 308, respectively.
herefore, M5 should be the demethylated product of M2.

The molecular ion of M6 (m/z 350), M7 (m/z 366), M8 (m/z
82), along with the corresponding main fragment ions of them
Fig. 3G–I), were increased by 16, 32 and 48 Da, respectively, com-
ared with those of the parent medicine. The results indicated
hat M6–M8 should be the mono-hydroxylate, di-hydroxylate and
ri-hydroxylate of worenine, respectively. According to the struc-
ure of the parent medicine, the saturated carbon atom at B-ring
s near to an ortho sp2 hybridization C-atom at the A-ring and
an be oxidized more easily than the carbon atoms at aromatic
ing. Therefore, the first hydroxylation position may be the meta-
osition of the N-atom at the B-ring, the secondary hydroxylation
osition may be the saturated C-atom at the D-ring considering
he isomer of the parent medicine (Fig. 1), and the third hydrox-
lation position may be the ortho position of the N-atom at the
-ring.

The molecular ion at m/z 332 (M9) and its product ions at m/z
16, 304, 302, 290 and 274 (Fig. 3J) were all 2 Da less than m/z 334
nd its product ions at m/z 318, 306, 304, 292 and 276, respectively.
herefore, M9 was identified as the dehydrogenation product of
orenine, and the dehydrogenated position was at the unique sat-
rated C–C bond of the B-ring.

The molecular ions at m/z 320 (M10), 308 (M11) and their prod-
ct ions (Fig. 3K and L) were all 12, 24 Da less than those of m/z
32 (M9), respectively. So, M10 and M11 could be characterized as
emethylene product and de-dimethylene product of M9.

The MS2 spectra of the molecular ion at m/z 388 (M12), 400
M13), 416 (M14) and 418 (M15) showed the abundant product
ons at m/z 308, 320, 336 and 338 (Fig. 4A–D), respectively, which

ere produced by neutral loss of 80 Da diagnostic of SO3 from their
olecular ions. And, the MS3 spectra of m/z 388 → 308, 400 → 320,

16 → 336 and 418 → 338 were the same as the MS2 spectra of
11, M10, M1 and M2, respectively. Based on these data, M12–M15

hould be the sulfates of M11, M10, M1 and M2, respectively.
In the MS2 spectra of m/z 484 (M16), 486 (M17), 496 (M18), 498

M19), 500 (M20), 512 (M21), 514 (M22) and 526 (M23), the parent
ons lost neutral fragment 176 Da to give its product ion at m/z 308,
10, 320, 322, 324, 336, 338 and 350 (Fig. 4E–L). The MS3 spectra
f m/z 484 → 308, m/z 486 → 310, m/z 496 → 320, m/z 498 → 322,
/z 500 → 324, m/z 512 → 336, m/z 514 → 338 and m/z 526 → 350
ere the as the same as the MS2 spectra of M11, M4, M10, M3, M5,
1, M2 and M6, respectively. So, M16, M17, M18, M19, M20, M21,
22 and M23 should be the glucuronides of M11, M4, M10, M3,
5, M1, M2 and M6, respectively.

The predominant product ion at m/z 484, 486, 498 and 500 was

ormed by the loss of neutral fragment 176 Da from the parent ion
t m/z 660 (M24), 662 (M25), 674 (M26), 676 (M27) (Fig. 4M–P),
espectively, and the MS3 spectrum of m/z 660 → 484, 662 → 486,
74 → 498, 676 → 500 was the same as the MS2 spectrum of M16,
Fig. 5. Time–area curves of metabolites of worenine in homogenized liver of rats.

M17, M19 and M20, respectively. Therefore, M24–M27 should be
the di-glucuronides of M11, M4, M3 and M5, respectively.

These metabolites can be investigated further by comparing
various extraction techniques (Table 1). Compared with free frac-
tion, the peak areas of M1–M6, M10 and M11 increased, and
those of M12–M27 decreased obviously after acidic hydrolyses.
The peak areas of M1–M6, M10 and M11 increased, and those of
M16–M27 decreased obviously after enzymatic hydrolysis. These
results revealed that M1–M6, M10 and M11 excreted from rat urine
as the free, sulfate or glucuronide.

3.2.2. Characterization of metabolites in rat feces
The full scan mass spectrum of rat feces after injection of wore-

nine was compared with that of blank feces sample and worenine
solution to find out the possible metabolites. The parent medicine
and its metabolites were found in rat feces after administration of
worenine orally. Their molecular ions ([M]+) were at m/z 310, 322,
324, 334, 336, 338, 350 and 366, respectively. They were charac-
terized as M4, M3, M5, M0, M1, M2, M6 and M7, respectively.

3.2.3. Characterization of metabolites in rat plasma
Comparing with blank plasma sample and worenine standard,

the parent medicine and its three metabolites were detected in
rat plasma after injection of worenine. Their molecular ions ([M]+)
were at m/z 322, 334, 336 and 350, respectively. They were char-
acterized as M3, M0, M1 and M6, respectively.

The LC–MS/MS analysis of plasma samples showed that the par-
ent medicine and its three metabolites (M1, M3, M6) all existed in
plasma between 1 and 12 h after administration.

The phase II metabolites of worenine were not found in rat
plasma or feces.

3.3. In vitro metabolism study

The substrate was incubated with intestinal fractions and liver
homogenate of rats, respectively. Comparing with blank sample
and worenine standard, the substrate (M0) and M1 were detected
in rat intestinal part and, M0, M1, M3 and M6 were found in
liver homogenate part. The results were almost the same when
intestinal incubation solutions at 4 and 24 h were investigated.
Fig. 5 presented the time–area curves of metabolites of worenine
in homogenized liver of rats.

The above results showed that the metabolism of worenine in

rat intestine was very weak. The metabolism of worenine should
mainly occur in rat liver. The study on the in vitro metabolism could
expound the in vivo position where the metabolism of worenine
occurred.
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Fig. 6. Proposed major metabolic pathway of worenine in rat (Glu: glucuronic acid).
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.4. Validation study

The sensitivity of the method was determined for worenine
tandard and the limit of detection (LOD, S/N = 3) was found to
e below 2 ng ml−1 by LC–MS2. For the free fraction of rat urine,
ean recoveries (n = 5) were 88.7% at concentrations of 5 ng ml−1.

he specificity of the assay was evaluated by analyzing blank urine,
eces or plasma samples from rats; no impurities or endogenous
nterferences were found.

. Conclusions

For the first time, in vivo and in vitro metabolism of worenine
n rats was studied extensively. Metabolites were resolved, identi-
ed or characterized using LC–MS/MS ion trap with electrospray

onization in the positive ion mode. Twenty-seven metabolites
ere found in rat urine and seven, three, one, and three metabo-

ites were characterized in rat feces, plasma, intestinal bacteria
nd liver homogenate, respectively. The proposed metabolic path-
ay of worenine in rats was presented in Fig. 6. M4, M9 and
11 were identified compounds. And, others were characterized

ompounds. M1–M11 were the phase I metabolites of worenine
n rat. The phase II metabolites of worenine in rat included four
ulfates (M12–M15), eight glucuronides (M16–M23) and four di-
lucuronides (M24–M27). The experimental results showed that
he main phase I metabolism of worenine in rat was dehydrogeniza-
ion, hydrogenation, hydroxylation, and demethylene reactions,
nd the phase II metabolism of worenine in rat was sulfation and
lucuronidation. Though the structures of metabolites cannot be
etermined conclusively by LC–MS/MS alone, the present method

s still very valuable and dependable for the further study of the
etabolism of worenine.
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