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Abstract

Huangbai (cortex Phellodendri, the dried barkPabllodendron amurense or Phellodendron chinense) is one of the important traditional
Chinese medicines. Protoberberine alkaloids were reported to contribute to the biological activity of this species. A highly specific and
sensitive method usintH NMR has been developed for the quantitative determination of protoberberine alkalgigginiendron species
and their commercial traditional Chinese medicine prescriptions. In the regb®£8.9, the signals of H-13 of berberirlg &nd palmatine
(2), were well separated from other signals in methaholFhe quantity of the compounds was calculated by the relative ratio of the integral
values of the target peak of each compound to the known amount of internal standard anthracene. This method allows rapid and simple
quantization of protoberberine alkaloids frdPhellodendron species or the more complex commercial prescriptions in 5min without any
pre-purification steps. The recoveries of berberine and palmatineAromurense were in the range of 95-106%. Limit of detection (LOD)
and limit of quantitation (LOQ) of them were 1.0 and Lu@mL, respectively. The advantages of the method were that no reference compounds
are required for calibration curves, the quantification could be directly realized on a crude extract, the better selectivity for protoberberine
alkaloids and a very significant time-gain could be achieved, in comparison to conventional HPLC methods, for instance.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction damp heat, quench fire, counteract toxicity, relieve consump-
tive fever and also effective in curing dysentery, diarrhea
Phellodendron is a small genus of aromatic deciduous and other syndromd&). P. amurense Or P. chinense extracts
trees of East Asia often having thick corky bark. This bark has and decoctions have demonstrated significant antimicrobial
found application in Chinese traditional medicine for vari- activity against a variety of organisms including bacteria,
ous diseases like meningitis, bacillary dysentery, pneumonia,viruses, fungi, protozoans, helminthes and chlamydja
tuberculosis and liver cirrhosis. Huangbai (cortex Phelloden- Protoberberine alkaloid&{g. 1) are considered to contribute
dri), the dry bark ofPhellodendron amurense or Phelloden- for the biological activity of this specig2]. The pharmaco-
dron chinense (family Rutaceae), was considered to be one logical actions of protoberberine alkaloids include metabolic
of the 50 fundamental herbs in Chinese herbalism. It was inhibition of certain organisms, inhibition of smooth mus-
commonly used in traditional Chinese medicine to remove cle contraction, reduction of inflammation and stimulation
of bile and bilirubin secretion. Currently, the predominant
« Corresponding author. Tel.: +886 6 2757575x65333: cl_lnlcal uses of _protoberb_erme aIIgaImds include bacterial
fax: +886 6 2740552, diarrhoea, intestinal parasite infections and ocular trachoma
E-mail address: tswu@mail.ncku.edu.tw (T.-S. Wu). infections[2,3]. Although these alkaloids were not consid-
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Fig. 1. The structure of berbering)(@nd palmatinel).

ered to be toxic at doses used in clinical situation, side effectsquantitative analysis of protoberberine alkaloids frBhe!l-
can result from high dosages which include constipation, lodendron species and their commercial traditional Chinese
dyspnoea, lowered blood pressure, flu-like symptoms and medicine prescriptionskang zhong xia tong yong tong feng
cardiac damage. Berberine usage should be avoided in pregwan [for treatment of rheumatic feverpan xia bai zhu tian
nancy, as it caused uterine contractions and miscarriage, andna rang [for treatment of headache and gastroptosis}i
in jaundiced neonates because of its bilirubin displacementcong ming tang [for treatment of vertigo and amnesia] and
properties. Huangbai used in oriental medicine show quite ging shu yi gi tang [for treatment of heat-stroke and anorexial)
variable quality, because of the two very simildtelloden- using*H NMR spectroscopy. This method allows rapid and
dron species comprise the source of the Huangbai on thesimultaneous determination of two protoberberine analogues
market. Moreover, the diverse geographical origins of the without any pre-cleaning steps.
plants make the content of active alkaloids quite different
from each other. It is necessary to determine the species in
Huangbai used in commercial prescriptions and the contents2. Experimental
of protoberberine alkaloids in plant material or prescriptions.

The quantitative methods for the determination proto- 2.1. Chemicals
berberine alkaloids iPhelloderdon species based on high-
performance liquid chromatography (HPLC) and capillary First grade methanol and anthracene were purchased from
zone electrophoresis (CZE) have been descijitbef]. Con- E. Merck (Germany). Methanals (99.9%) was obtained
trolling pH values of the mobile phase was needed to increasefrom Aldrich (U.S.A.). The reference compounds (berberine
the resolution. Gas chromatography (GC) analysis requiredand palmatine) were isolated from the rootsPofimurense
reduction of protoberberine alkaloids to the relative tetrahy- in a prior study[{16]. The purity of reference compounds was
droberberineq7]. Thin layer chromatography densitome- checked by NMR and HPLC methods (>99.7%).
try [8] and immunoquantitative analysis methd@% were
also reported for the analysis for protoberberine alkaloids. 2.2. Materials
However, disadvantages, such as the low sensitivity, time-
consuming and inextricable preparation steps and the need The dried bark o chinense andP. amurense were col-
for extensive derivatization steps, remain problematic in the lected from Bureau of Food and Drug Analysis, Department
reported methods. For better controlling of these pharma- of Health, Executive Yuan, Taiwan, ROC, in August 2004
ceutically important alkaloids iRkellodendron species and  and verified by Prof. C.S. Kuoh. The commercial traditional
commercial prescriptions, a suitable method would be highly Chinese medicine prescriptionsigng zhong xia tong yong
desirable. tong feng wan, ban xia bai zhu tian ma tang, yi gi cong ming

Recently, high-resolution nuclear magnetic resonance tang andging shu yi gi tang) were purchased from Kaiser
(NMR) spectroscopy is developing into an important tool in  Pharmaceutical Company (Tainan, Taiwan), Chuang Song
quality control of phyto-preparatiori$0—14]and in clinical Zong Pharmaceutical Company (Kaohsiung, Taiwan), Sun
diagnosis and monitoring of treatmdfb]. The advantages  Ten Pharmaceutical Company (Taipai, Taiwan) and Sheng
of 'H NMR method are manifold, viz. it is rapid, noninvasive Chang Pharmaceutical Company (Taipai, Taiwan).
and does not require any sample pre-clean steps. In addi-
tion, no standard compounds are required for preparing the2.3. Sample extraction
calibration curves and it detects all the components present
in herbal preparations simultaneously in a single measure-2.3.1. Method 1
ment. Therefore, we hypothesized that NMR spectroscopy A sample of 10mg of powdered plant material (cor-
may be superior to the conventional HPLC for the analysis tex of P. chinense) was extracted with 0.5mL of MeOH
of protoberberine alkaloids. In this paper, we described the using sonication at room temperature for 30 min (three
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Fig. 2. The'H NMR spectra of berberind) and palmatine) in methanold,.

times). The combined extracts were evaporated to drynessall the extract can be dissolved and avoid the inference of
The residue was dissolved in 0.5 mL MeQkl{contained phenolic hydroxyl signals. ThtH NMR spectra ofl and2

84.4u.g anthracene) and used fif NMR measurement. are well documented in methang-(Fig. 2). The analysis
of the NMR spectra of and2 revealed that the proton H-13
232 Method 2 resonating in an empty region of spectra as a singlet (H-13

A sample of 10mg of powdered plant materials (cortex Of 1: 6 8.69; H-13 0f2: § 8.79) could be used for quantifica-
of P. chinense andP. amurense) or commercial prescriptions ~ tion.
were exact'y We|ghed into a NMR tube (03 mm |d) and A suitable internal standard should be pl‘eferably a stable
added 0.5mL of MeOHY (contained 84.4.g anthracene).  compound with a signal in a non-crowded region of the

The sample was sonicated at room temperature for 30 minNMR spectrum. For this purpose, anthracene, with a signal
and used fotH NMR measurement. at$ 8.44 and the integral value maintaining constant within

48 h, has been chosen. In the caséfNMR quantitative

analysis, calibration curves were not needed for quantifica-

tion of the compounds because integration of the peaks was

always proportional to the amount of the compound and the
i, same for all compounds ttH NMR.

2.4. NMR analysis

IH NMR spectra were recorded in methaa@l¢99.9 %)
using a Varian UNITY plus 400 MHz spectrometer. For eac
sample, 100 scans were recorded with the following param-
eters: 0.187 Hz/point; spectra width, 14400 Hz; pulse width, tapie 1
4.0us; relaxation delay, 2 s. For quantitative analysis, peak Comparison of the extraction methods

area was used and the start and end points of the integrationeyraction method Amount of alkaloids in the cortex of
of each peak were selected manually. P. amurense (.g/10 mg)
Berberine Palmatine
2.5. Recovery Method 1
First extract 126.6Q: 1.77 133.75+ 2.14
Pure berberine1) and palmatine) were spiked into ?ﬁ?g”d tex"f‘:t 1152 0.10 15.02+ 0.10
10 mg of powered cortex &f amurense. The recovery sample ra extrac - -

was prepared following method 2. A blank recovery sam- Method 2 140.69t 1.55 153.91+ 1.08
ple was prepared and analyzed for the comparison. Limit of Data are means S.D. of three replicates.

detection (LOD) was evaluated at a signal-to-noise ratio of

3. Limit of quantitation (LOQ) was evaluated at a signal-to- Table 2

noise ratio of 6. Recovery of théH NMR method

Analyte Amount addedu(g) Recovery (g) RE (%)

Berberine 20 20.56 0.52 102.8

3. Results and discussion 100 96.22+ 2.47 96.2

500 491.13+ 14.94 98.2

3.1. NMR detection Palmatine 20 21.03 0.61 105.2

100 95.89+ 2.88 95.9

Since the protoberberine alkaloids were high polar, 500 G886 12as bl

methanolds was used as the NMR solvent to ensure that All experiments were based on triplicate measurement.



176

C.-Y. Li et al. / Journal of Pharmaceutical and Biomedical Analysis 40 (2006) 173—178

P.chinense P.amurense
' | J
. S , .S S W
98 96 94 92 90 88 86 ppm 98 96 94 92 90 88 86 ppm
Sample A Sample B
» | C
JL_LL 1 JL L A e ‘L
2 L LA 2 P
3 )
8 ‘l 1 J JU A N A L.A,,,__.
}
‘L I U 1 L
98 96 o4 92 00 88 86 ppm 98 96 94 92 90 88 86 ppm
Sample C Sample D
| J 1
R A A , e
2
. J____JL ~ . N JLA
i
8 o o J__.,__J\.J___._ 3 A A\ A J
4 4
(- . | JL_.A J\ " . l J,l e
98 96 94 92 90 88 86 ppm 98 96 94 92 90 88 86 ppm

Fig. 3. 'H NMR spectra of the cortex @t chinense, P. amurense and Huangbai commercial prescriptions in the range&1.0-8.2. Sample Athang zhong
xia tong yong tong feng wan; Sample Bban xia bai zhu tian ma tang; Sample Cyi gi cong ming tang; Sample Dying shu yi qi tang. 1-4: company 1-4.
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Table 3

The concentrations (mg/g) of berberine and palmatine in the cortBxcbinense, P. amurense and Huangbai commercial prescriptions

Samplé Berberine Palmatine

P. chinense 68.251+1.00 -

P. amurense 14.07+0.27 15.39£0.29
Company 1 Company 2 Company 3 Company 4

Sample A 21.64 0.33 11.33+ 0.16 10.18+ 0.12 11.52+ 0.15 L

Sample B 4.45+ 0.06 2.79+ 0.05 1.64+ 0.03 2.67+ 0.05 b

Sample C 15.36: 0.15 6.83+ 0.11 9.98+ 0.09 5.19+ 0.04 L

Sample D 6.94+ 0.05 1.744+ 0.03 2.73+ 0.04 8.05+ 0.14 oy

Sample Aishang zhong xia tong yong tong feng wan; Sample Bban xia bai zhu tian ma tang; Sample Cyi gi cong ming tang; Sample Dying shu yi qi tang.
2 All experiments are based on triplicate measurement.
b In all samples obtained from four companies plamatine was not observed in the NMR spectra.

3.2. Comparison of extraction methods to containP. chinense as their source rather th&wumurense,
since they displayed only H-13 signal of berberig (

In the current assay, two extraction methods were com-  The quantitation of protoberberine alkaloids, berberine
pared by analyzing replicate samples with the same lot num-and palmatine in the tw@®hellodendron species and vari-
ber to find the most efficient and reliable one. As shown in ous Haungbai samples determined by ##sNMR method
Table 1 there was no significant difference in the extraction were shown inTable 3 P. chinense was found to contain
efficiency of these two target compounds between methodsberberine as the major constituent. Besidegiiurense con-

1 and 2. However, the time using method 2 was shorter thantained berberine and palmatine in a ratio of about 1:1, but
method 1 and it was more simple and easy to prepare. Thusthe total protoberberine alkaloids concentration was lower

method 2 was chosen for the sample analysis. thanP. chinense. The various commercial Huangbai prescrip-
tions produced by different companies were showed a quite
3.3. Recovery test different content of berberind). All these preparation sam-

ples did not showed palmating)(content in theitH NMR
Three sets of recovery samples were analyzed by methodspectra.
2 as described above. A blank recovery sample (without
adding standards) was prepared and analyzed for compari-
son. The average recovery was observed between 96.2—102.8. Conclusion
and 95.9-105.2% for berberinB @nd palmatine), respec-
tively (Table 3. Using this method, the LOD for berberine This NMR method is simple and rapid, specific, no refer-
(1) and palmatine) was determined to be Ou&/mL and ence compounds are needed, apart from the cheap internal

the LOQ was found to be 183/mL. standard and an overall profile of the preparation can be
obtained directly. Using this method the contents of pro-
3.4. Sample analysis toberberine alkaloids can be determined in a much shorter

time than the conventional chromatographic or other analysis

Using thelH NMR method Hungbai materials including methods reported, and moreover without any derivatization.
P. amurense andP. chinense, and 16 samples of four Huang- The describedH NMR method could be used as a rapid and
bai commercial prescriptions from four different companies Simple method for the identification Bhellodendron species
were analyzed for alkaloids, berberir@ &nd palmatine2). used in the Huangbai preparation as source and quantification
Quantification ofl and2 by 'H NMR is possible by means  of protoberberine alkaloids in plant materials or commercial
of the integral of a well-separated specific proton signal of prescriptions.
the compounds. For this purpose, the H-13 proton singlet
of each alkaloid was selected as target peak as it was quite
well separated from the others and could be integrated at thisAcknowledgements
condition because it was in a regi®8.6—8.9 where no inter-
ference from other signals occurred. THé NMR spectra The financial support for this research (NSC-93-2323-B-
of Huangbai materials was shownFig. 3 In thelH NMR 006-004) from the National Science Council, Republic of
spectra, it was observed thatamurense exhibited the H-13 China is gratefully acknowledged. We also thank Dr. H.C.
signal of two alkaloids in the ratio of 1:1, bt chinense Chang (Bureau of Food and Drug Analysis, Department of
displayed only H-13 signal of berberine. This observation Health, Executive Yuan, Taiwan, ROC) for the collection of
can be used as identification manner to identify the speciesplant materials and Professor C.S. Kuoh (Department of Life
used in the commercial Huangbai preparation easily. In the Sciences, National Cheng Kung University, Tainan, Taiwan)
present study, all the Huangbai prescriptions were identified for the plant identification.
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