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Abstract

A novel concocting method to convert Triptolide (T) into Tripchlorolidg)(ih the traditional Chinese hethripterygium wilfordii Hook
F. and a micellar electrokinetic capillary chromatographic (MEKC) approach by which the conversion of Triptolide (T) and Tripchlorolide
(T4) was identified and determined had been established. Investigations of the influence of different pH values of boric acid and borax buffer
and of sodium dodecyl sulfate (SDS) and organic additive concentrations had been carried out, and the optimum separationsferas and T
achieved using boric acid and borax of pH 7.0 with 30 mM SDS and 20% (volume ratio) methanol as the running buffer. It was found that
MEKC exhibited good accuracy, precision and repeatability and the contentw&d greatly increased in the herb that was treated by the
new concocting method.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction and identified from the plant and it is approved that T could
convert into Ty after reacting with hydrochloric acid—acetic
Tripterygium wilfordii Hook F. is a traditional Chi-  acid (HCI-HACc)[3] (Fig. 1). Because of the higher perfor-
nese medicine with antiphlogistic, antalgic and antibacterial mance and lower toxicity of #than T, Ty is more hopeful
actions. Itis especially effective for the treatment of Rheuma- for developing newr” wilfordii drugs. However, the amount
toid arthritis (RA)[1] and has become the most commonly of T4 is so much less than T in the natural plant that it is
used herbal drug for the disease in China. Triptolide (T) has usually hard to be detected in the natural herbal grass and the
been demonstrated to be the most important biologically raw material source is also a big problem to obtain the pure
active components in the plant, but it has also been found tocompound.
be the most toxic component in the herbal df2lg which is Although various TLC[4,5] and HPLC[6-8] methods
especially harmful to the liver, digest system, nerve system have been employed for the determination of the diterpenoid
and procreant system and has greatly limited the applicationtriepoxides inT" wilfordii, no analytical methods forsThave
of this herb. Tripchlorolide (7) has also been separated been reported. In recent years, capillary electrophoresis has
been widely accepted as an attractive method for the iden-
tification and determination of Chinese herbal df@g12]
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olet spectroscopy detection was with a 214 nm optical filter.

Samples were introduced from the anodic end of the capil-
lary by hydrodynamic injection for 10 s (about 80 nl) where

the samples vial was raised by 9.6 cm. Electropherograms
were recorded with a CKChrom Chromatography Data Sys-
tem on a Compag-Prolinea-4/50 computer. Model pHs-3C
acidometer was from Shanghai Leici Instrumental Factory.

Triptolide (T) Tripchlorolide (T,) Mass spectra were determined on an APEX11 FT-ICR spec-
trometer (ESI).
Fig. 1. The structures of Triptolide and Tripchlorolide. Before the first run of the day, the capillary was rinsed with

1.0 M NaOH for 10min. In order to get better reproducibility,
before each run the capillary was purged with 0.1 M NaOH
tion of T in T: wilfordii by MEKC had also been reported  for 3 min, triple distilled water for 3 min, and finally the sep-
[13,14] and this optimized method was proved to be effec- aration buffer for 5min. In the course of experiment, the
tive and quick not only for the roots df wilfordii but also  temperature remained constant at room temperature.
for the multi-glycosided” wilfordii tablet. The purpose of

present study is to set up a capillary electrophoresis method2 4. Investigation of the concocting condition of T

for the determination of T andgTfirst, then to use it to mon-

itor the conversion of pure T intogTand finally to establish To set up the optimum concocting method, stock solution

an optimized approach to convert T intg fbr the herb after  of T was prepared and was treated by HCI with different con-

it was concocted under the conditions which was set up by centrations at 4C, which was more favorable to the unsat-

the pure T. urated lactone structure of T under the acidic surrounding
than at higher temperature such as room temperature (around
25°C). Then the stock solution of T was determined and the

2. Experimental conversion of T was monitored by MEKC. According to the
conversion ratio of T, the most favorable concocting condi-
2.1. Reagents and chemicals tion of T was set up and this condition would be used for the

treatment of the herb later
Roots ofT. wilfordii Hook F. were obtained from Anyao

Pharmaceutical Group (Hebei; Province, China). T was 2.5. Sample pre-treatment

acquired from the National Institute for the Control of Phar-

maceutical and Biological Products (Beijing, China). Sodium  According to the concocting method which had been
dodecyl sulfate (SDS) was from Beijing Xizhong Chem- set up by the above experiment, the roots with outer layer
ical Factory (Beijing, China). Di-sodium tetraborate was (130gq) of T wilfordii Hook F. were ground to a coarse
from Tianjin Chemical Reagent Factory (Tianjin, China). powder and were treated by 80 ml HCI-HAc before being
Methanol of HPLC grade were purchased from Fisher (New extracted with 300 ml ethyl acetate. After filtering the ethyl
Jersey, USA). Unless otherwise specified, all solutions were acetate solution, the solvent was washed to neutral and

filtered through a 0.4pm before use. evaporated off under reduced pressure and then 3—4@gAl
was added into the residue. After being heated to dryness,
2.2. Preparation of Ty the residue was put into an ADs column and eluted with

ethyl acetate—petroleum (1:9), ethyl acetate—petroleum (1:1)
T4 was prepared by T in our laf8] and was iden-  and ethyl acetate—ethanol (24:1), respectively. The eluted
tified by ESI-MS. The target compound was obtained solvent of ethyl acetate: petroleum (1:1) was gathered and
in 87.0% vyield, m.p. 256-25T; ESI-MS: 397[M + 1], evaporated to dryness. Finally, the resulting residue was dis-
419[M +NaJ", 421M + 2 + NaJ*, which was consistent with  solved in 10 ml HO and stored as stock solution for MEKC
the reported values. analysis.

2.3. Instruments
3. Results and discussions

The capillary electrophoresis system was a Waters Quanta
4000 E (Waters, USA) equipped with an automatic injector,a  In order to monitor the conversion of T intq, T the tra-
temperature-controlled equipment and a fused silica capillary ditional Chinese herld. wilfordii, a micellar electrokinetic
of 75um i.d. (total length of the capillary was 60 cm while capillary chromatographic (MEKC) approach for the identi-
the effective length was 52.0 cm). A window was created at fication and determination of the diterpenoid triepoxides had
8.0 cm from the end of the capillary (cathode) for on-column to be established. So the optimum electrophoresis separation
detection by removing the polyamide coating. Direct ultravi- condition of T and | was the first task to be solved. Investi-
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gations of the influence of different pH values of the buffer, 3.4. Establishment of optimized concocting conditions

SDS and organic additive concentrations had been carriedfrom T to Ty

out. The identification of T andsTwas affirmed by adding

standard T and flinto the sample. Because of the complexity of the components in the herbal

drug, T was chosen as the mark to explore the optimum con-

cocting condition. It could be seen that both the conversion

ratio of T and the quantity of J/grew apparently during the

. . _ first 10 h, but no more change would happen after 36 h and the
.The effects of SD.S on th? separation were Inyeshgated result was shown iRig. 2A. So the optimum concocting time

with SDS concent_rauon ranging from 0 to ,40 mM with steps for T was chosen as 36 h. It was also be found that the higher

of %deag gn lI:An'LWhen ItEhe bgffer contslnedinthborlc the concentration of HCI system was, the higher the conver-

aIC' }an ; T md orax. xpefrlments sdowe dt at the €S~ sjon ratio of T was. Because the stronger acidic circumstance

olution or Tan b was satis actqry and good separation ¢ nfavorable to the unsaturated lactone structure of T and

was achieved when the concentration of SDS was 20 mM. So-l-4 [3], it was found that many other unknown compounds

ZO\TIhM SDhS was s_electeld for fuzrghf\r/ expﬁrlmﬁ nt giti would appear at stronger acidic circumstance, which would

en the running voltage ( ) and other conditions reduce the conversion ratio of T. After testing HCI-HAc sys-
were kept constant, the effects of pH values of the buffer tem at different concentrations, it was showed that 0.4 M

rﬁnging fromH6.2 08.1 or;t?e?epar%éion IOfT agd;mowEd HCI-HAc could give satisfactory results and the effects of
that when pH was over ©.1, and veriappe together. pH value on the conversion ratio was givenFig. 2B. So
Baseline separation of T and, Was achieved at pH 7.5 and

the resolution increased when pH value was lower than it.
Optimum separation was obtained at pH 7.0. Although better 1007
separation could also be obtained at lower pH value than 7.0,
the migration time of T and Fwas much longer. So pH 7.0 80 -
was selected as the optimum value.

3.1. Effects of SDS and pH on the separation
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o
1

3.2. Effects of the organic additives on the separation

N
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Although baseline separation of T and; Tould be
obtained, the peaks ofsTand other related compounds in
the sample were somehow overlapped at above conditions,
which would affect the content determination of ih the
concocted herb. So organic additives were used for further
investigation.

When methanol was added in the buffer solution as the 0 10 20 3 40 S0
organic additives, the resolution betweepand its neigh- (A time (h)
bor compound at the right side of the electropherogram was
improved greatly. Although the resolution increased with
increase of methanol in the buffer solution, no obviouschange 1007
happened when methanol concentration was over 20%. So
20% methanol was chosen.
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3
L
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3.3. Calibration
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With the developed MEKC method above, calibration
curve was obtained by using the peak area of the stan-
dards with different concentrations. The linear equations
were Y=3.969x 104X-305.2 R=0.9984) for T in the
range of 0.002-0.24mgmt, and Y=3.971x 104X-374.8
(R=0.9972) for T in the range of 0.002—0.17 mgthlwhere
X was the concentration arftivas the peak area of the stan- 0 T T T T
dard. In addition, the repeatability of migration time of T and 2 1 0 ! 2 3
T4 were 1.16 and 1.52% (RSR2,=5), the repeatability of ®) PH
peak area of T andslwere 3.38 and 4.07% (RS[2,=5),
respectively.

404

Conversion Ratio of T (%)
3
L

Fig. 2. Effect of: (A) reaction time on the conversion ratio of T and (B) pH
on the conversion ratio of T.
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1 herb. By this way, most T in the natural herb can be converted
0.003 | into T4.
v 0.002t 4. Conclusion
(0]
{ A novel concocting method to convert Triptolide into
g Q00T Tripchlorolide in the traditional Chinese heib wilfordii
Hook F. had been established. The method established in this
i | paper cannot only be used for the conversion of pure T into
0.000 T4 it can also be utilized for the treatment of the natural herb.
In addition, the developed MEKC method was proved to be a
5 10 15 20 simple and effective method to monitor the conversion of T.
Minutes Under the optimized MEKC conditions, the specified com-
pounds in the plant sample were baseline separated within
Fig. 3. Electropherogram of the ethyl acetate extractirgfterygium wil- 13 min. This work supplied not only a quick and effective

fordii. Condition: background electrolyte with 98 mM boric acid, 0.6 MM method but also an academic base for developing]’.]em‘l-
borax, pH 7.0, and 20% methanol and 30 mM SDS were added, the separa-

tion was performed at 20 kV applied voltage, room temperture and 214 nm fordii drugs with lower toxicity.
UV wavelenth. 1: Triptolide.
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3.5. Concocting of the herb
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Fig. 4. Electropherogram of the ethyl acetate extract of the concocted
Tripterygium wilfordii. Conditions a$-ig. 3. 1: Triptolide, 2: Tripchlorolide.
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