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Abstract

The aim of this study was to establish an easy and accurate method for the determination of Brazilein in plant samples due to its potentia
pharmacological activities. High-performance liquid chromatography (HPLC) with electrochemical detection (ED) was used for the assay of
Brazileinin this study for the firsttime. Crucial influence parametersincluding concentration of dodecane-1-sulfonic acid sodium salt (DSASS),
inorganic modifier, tetrabutyl-ammonium hydroxide solution (TBAOH), and applied potential of proposed method were investigated. The
proposed method is simple, rapid (analysis tim&0 min), sensitive [(detection limit: 0.6 ng per injection (2 at a signal-noise ratio 3:1)],
highly selective and precise (intra- and inter-day precisions were withim598). The calibration graph of Brazilein was linear in the range
0.6—150 ng per injection 20l. Recovery of Brazilein was over 92% by standard addition method.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction However, no method has been reported for the analysis of
Brazilein so far. It is becoming increasingly important to de-
Sappan Lignum, the dried heartwood@desalpinia sap-  velop a suitable method to analysis of Brazilein for its further
panL. (Leguminosae), has been used in Chinese medicine agesearch. HPLC has been widely applied in detection and iso-
both an analgesic and an anti-inflammatory agent. The extractiation of flavonoids from Leguminosae familigs-15]. The
has been reported to have some pharmacological activitiespurpose of this paper is to develop and optimize a reversed-
such as anti-atherogenic, inhibitors of INOS activity, anti- phase high-performance liquid chromatography (RP-HPLC)
complementary activity, antioxidant activity, anticonvulsant method for the determination of Brazilein, the potent flavonol
activity, antimicrobial activity1—7], etc. Moreover Brazilein, = compound from Sappan Lignum extracts.
one compound of the ethanolic extracts from Sappan Lignum,  Brazilein was isolated as reddish brown crystals whose
showed anticomplementary activity on the immune system in structural formula Fig. 1) [16] contains hydroxy of phenol
vitro [3]. All of the utmost importance, itwas found in ourlab and hydroxy functional groups. So it can be detected as other
recently that Brazilein exhibited a positive inotropic actionin polyphenols by an UV detectdi7—-21] or by an electro-
isolated cardiac tissues and inhibitedNK-ATPase activ- chemical detectoj22—25] The limit detection of Brazilein
ity in vitro, and showed antioxidant activity both in vitro and by an UV detector has been tested in our lab. However, lower
in vivo. These indicated that Brazilein might become a po- analytical sensitity restricted its further application in real bi-
tential natural compound in medicine in laboratory research. ological samples where the detection sensitivity is a major
concern. So we centered our focus on electrochemical detec-
tion in this paper.
* Corresponding author. Tel.: +86 10 62773630; fax: +86 10 62773630.  High-performance liquid chromatography (HPLC) with
E-mail addresspharm@mail.tsinghua.edu.cn (L. Du). electrochemical detection (ED) is valuable for the highly
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HO 0 by ChromStatiohf™ Chromatography Data System (Amer-
ican TN Technologies, Walnut Creek, CA 94598, USA).
All experiments were performed on a KromasigGPLC
column (5um, 150 mmx 4.6 mm, Rainbow, Beijing). The
flow rate was 0.6 ml/min at room temperature. A pH me-
ter (Model 828, ORION, China) with-0.01pH resolution
was used to measure the pH of run buffers throughout the
experiment.

2.2. Chemicals and solutions

HO
0 Standard Brazilein was kindly presented by Dr. Wei Wang

(minimum content: 98%; Batch No0:031006); sodium di-
hydrogen phosphate, and dodecane-1-sulfonic acid sodium

selective and sensitive analysis of trace amounts of com-salt, (DSAS_S) were purchased from Beijing .Rea.gents
pounds in complex matrices. Usually when choosing a mo- (China); sodium cgrbonate a.nhydrou_s, phosphoric acid, and
bile phase for use with electrochemical detectors, buffered teFra%u:cyl-amrr;]onlu;n hydromde solution (TBﬁ‘,OH)We”rer?b'

systems to provide ionic strength for good electron transfer tained from Shanghal Reagent_ Factory (China). A .t ese
are used in mobile phag@6—-29] In this study, phosphate reagents above were of analytical grade. Acetonitrile and
buffers were chosen as mobile phase in HPLC-ED system.metha”q of HPLC grade.(J.T. Baker, USA) were purchased
In order to provide appropriate ionic strength, the concen- from Beijing Reagent (China). Water for preparation of sam-

tration of phosphate buffer was focused on 75 mM for later ples and buffered solutions was deionized by a Milii-Q pu-
studies. rification system with a 0.@m fiber filter (Barnstead, CA,
However, such mobile phase composition mentioned USA). \uti d with deionized

above gave no promising electrochemical signal response Aqueous sg utions were prepa(rje dW't kelonllzg waf-
of Brazilein even at high electrode potential. It was found ter (.Ba_rnstea » CA, US.A)' Standard stock solution 0
through our experiments that dodecane-1-sulfonic acid Brazilein was prepared In methanol at a concentration
sodium salt (DSASS) could remarkably improve the ana- of 1.0mg/ml. Prior to gnaIy.S|s., fresh working solutions
lytical sensitivity of Brazilein in HPLC-ED system. Mean- V€€ prepared by serial dilution from the stock solu-

while, the retention time of Brazilein was sharply shortened, tion_ with methanol. For the study of DS/ASS concen-
which is not reasonable for subsequent analysis of Brazilein tration, DSASS-NakPQ, (0.67 mM-2.7 mM/75mM) run

And the worst thing was that peak width of Brazilein became buffers were.prepared by dissolving the appropria?e a.mount
t00 broad (-4 min) which was not reliable for routine work. °f DSASS in NahPQ, (75mM) buffer and adjusting
Therefore, TBAOH as an ion-pair reagent and sodium car- pH to pH 3.0 W'th. phosphoric acid. For the study of
bonate anhydrous (N&03) as a general inorganic modifier NaCOz concentration, NCO;-DSASS-NabPQ, run
were examined in order to obtain rational retention time and PUffers _(0'5 r_nM_—S.O MM/1.35mM/75mM) were prepared
excellent peak width of Brazilein. by serial dilution of a NeCO;-DSASS —NakiPO
Using standard Brazilein as a target analyte, four criti- (5mM/1.35 mM/75 mM) run buffer with DSASS-NaiRQ
cal parameters including concentration of DSASS;Gl@&z, (1.35 mM/?S mM, pH 3.0). For the study of TBAOH
TBAOH and applied potential were discussed in this study. concentration, TBAOH-N&CO3-DSASS-NatPQ, run
Meanwhile, the linearity, LOD, RSD and recovery of the pro- buffers (_0‘5%_2'5%/1 mM_/1.35 mM/75mM) were prep_ared
posed HPLC-ED method were provided. Moreover, the va- by adding the appropriate volume of TBAOH into

lidity of this HPLC-ED method was demonstrated by analysis NaQC%_DSr]ASS_Ea?IPO‘% run bufﬁr @ mrll\/I/1.3r? mMm/
of Brazilein in real plant samples. 75 mM). In this work, all buffers were filtered through Qu.&n

cellulose acetate membrane filters before use.

Fig. 1. Structural formula of Brazilein.

2. Experimental 2.3. Sample preparation

2.1. Apparatus The heartwood ofC. sappanL. (1kg, purchased from
Drugstore of Songlan) was refluxed with 95% EtOH for three
The HPLC-ED system, which consisted of a waters 600 times and the extract was concentrated to residue (the ethano-
controller, a waterd! 600 pump, a 77251 injector with lic extracts) under reduced pressure. The residue was pre-
an effective volume of 20l (Waters, Milford, USA), and pared in methanol at a concentration of 5.0 mg/ml. Prior to
an esa coulochem Il detector (ESA, Chelmsford, USA), analysis, the sample was filtered through a2 syringe
was used. The chromatograms were recorded and integratedilter.
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3. Results and discussion of Brazilein[30]. NaoCOgs improved the peak width through
dynamic ion-exchange. The competition betweenr&nd
3.1. Concentration of dodecane-1-sulfonic acid sodium anion of Brazilein changed the retention properties and cor-
salt (DSASS) rected the peak width of Brazilein. Besides that peak width
of Brazilein was remarkably improved, there were no appar-
At the beginning of the work, the effect of DSASS ent changes in LOD and retention time of Brazilein when
concentration on the limit of detection (LOD) of Brazilein NaCOs concentration varied (results not shown). Five dif-
(obtained at a 3:1 signal-to-noise ratio) was examined for the ferent concentrations of N&0O3 were investigated in this
suitable mobile phase concentration. It was not until DSASS study (0.5, 1.0, 2.0, 3.0 and 5.0 mM). Our experimental re-
was added in the run buffer that the target electrochemical sults demonstrated that 1 mM N2Os could successfully im-
signal response was detected. This phenomenon indicategroved the peak width of Brazilein. Hence, 1 mM JT&3
that DSASS might influence the degree of dissociation of was chosen as the employed concentration for subsequent
Brazilein, which improved oxidation—reduction reaction of studies.
Brazilein. All experiments were carried out in duplicate
(n=7). The relationship between DSASS concentration 3.3. Concentration of TBAOH
and peak area of Brazilein was examined in this paper.
Fig. 2 shows that peak area of Brazilein increased as  |norderto obtain proper retentiontime, TBAOH as an ion-
DSASS concentration increased and reached maximum aipair chromatographic reagent was chosen to establish a more
the concentration of 1.35mM. When DSASS concentration complex secondary chemical-equilibrium so as to change the
exceeded 1.35mM, lower peak area of Brazilein was retention time of Brazilein. In this study pH 7 was employed
obtained by HPLC-ED. According to the experimental pecause that ion-pair combination needs suitable pH under
results, we can see that the retention time of Brazilein which DSASS and TBAOH can form the ion-pairings. As ex-
was shortened step by step (from 8.5min, to 7.2, 5.5, 4.8, pected, the retention time of Brazilein was prolonged while
4.5min). Moreover, peak width of Brazilein became too TBAOH concentration increased. And when TBAOH con-
broad ¢4 min) for routine work. This observation may be centration reached 1% (v/v) from 0.5% (v/v), the retention
related to that DSASS changed tbg, (diffusion modulus)  time changed from about 8.5 min to 10 min, which is appro-
of Brazilein, which accelerated the diffusion of Brazilein. priate for subsequent studies. And when TBAOH concentra-
Meanwhile, DSASS as an anion surfactant took part in the tion was higher than 1% (v/v) (higher concentration: 1.5%,
secondary chemical equilibrium (SCE) and changed the 2.0%, and 2.5%), the retention time of Brazilein was still
retention time of Brazilein. Despite of the irrational retention prolonged, but the extent was smaller than before. Consid-
time of Brazilein, 1.35 mM DSASS was chosen for further eration of routine work, 1% TBAOH was employed in this

studies. study.
3.2. Concentration of N&CO3 3.4. Applied potential and background current
Although DSASS significantly improved the analytical The relationships between applied potential and detection

sensitivity of Brazilein, it also resulted in peak width much - sensitivity of Brazilein and background current were investi-
broader, which is difficult for further quantitative analysis gateq after mobile phase composition was completed. The re-
of Brazilein. In this paper, N&COs as a general inorganic  |ationships between peak height of Brazilein and background
modifier was added in the run buffer to improve peak width ¢rrent and applied potential were illustrate@able 1 Peak

height of Brazilein increased significantly as the applied po-

::i:i:ii; tential varied from 400 to 550 mV versus an Ag/AgCl refer-
S eooo00 ence electrode. Meanwhile the background current increased
O . . .
g ey from 0.038 to 0.87 U accordingly. In order to maintain a sta-
- - . . .
B 400000} ble baseline and constant signal response, 450 mV applied
300000 [
200000 [ Table 1
100000 Relationships between applied potential and peak height and background
0 " ; : : . ] current
0 0.5 1 1.5 2 25 3 : : ;
Applied potential (mV) Peak heightV) Background curreit(U)
DSASS conc.(mM) 200 62442 0038
Fig. 2. Effectof DSASS concentration on peak area of Brazilein. Experimen- ggg ;(7)2% 82;3
tal conditions: a Kromasil-¢g HPLC column (5wm, 150 mmx 4.6 mm); '
. ; 550 87368 0.87
room temperature; applied potential 400 mV vs. Ag/AgCl reference elec- -
trode; flow rate, 0.6 ml/min; mobile phase, DSASS—NBBy run buffers * Flow rate: 0.6 ml/min.

(0.67 mM—2.7 mM/75 mM, pH 3.0): acetonitrile = 80:20 (v/v). @ Calculation based on five duplicate injections of a standard sample.
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potential versus Ag/AgCl reference electrode was employed
to obtain the maximum LOD of Brazilein. 157 13

Thus, crucial factors that affect optimal separation and de- % I
tection sensitivity of Brazilein have been thoroughly studied. o S B to A
The chromatogram of standard Brazilein is showfiig. 3. e o Los =
This indicated the validity of the mobile phase composition M\\_
established in this study. ) 3 4 F0.0

0 10 2 30

3.5. Linearity, precision, detection limit of Brazilein Minutes

The calibration graph for Brazilein was constructed by Fig. 4. Chromatogram of Brazilein in the extract d@@aesalpinia

. o . sappan L. heartwood. Peak 3=Brazilein. Experimental conditions: a
plotting the peak area of Brazilein against the amount Kromasil-Gs HPLC column (5am. 150 mmsx 4.6 mm): room temper-

Of. sta.ndard Brazilein. SatiSfaCtory Iinearity was_ ob- ature; applied potential 450 mV vs. Ag/AgCI reference electrode; flow
tained in the range 0.6—-150 ng3.03x 10°x — 5.70x 10°, rate, 0.6 ml/min; mobile phase, TBAOH—N20;—DSASS-NakPO, run
r=0.999582y = peak areax=amount of standard Brazilein  buffers (1%/1 mM/1.35 mM/75 mM, pH 7.0): acetonitrile =80:20 (v/v).

in ng). Intra- and inter-day precisions (expressed in terms of Table 2

RS.D) for p?ak aréa were typically less tha_n 5% ). The Recovery of Brazilein added in real plant sample

limit detection of Brazilein was 0.6 ng per injection (2() at

. . . . . Added (mg/g) Found (mg/g) Recovery
a signal-to-noise ratio of 3:1. The high precise and low LOD
indicated that the proposed method was reliable for analyzing mg/g Percent
Brazilein. 0 31.2 - -
5 35.8 46 92
10 40.48 9.28 92.8
3.6. Chromatography 20 49.84 1864 93.2

2 RSD<5% (1=7).

The next effort was focused on the chromatogram of
Brazilein in real plant samples. The chromatogram of 4. Conclusions
Brazilein in real plant samples was showririg. 4. Brazilein
can be well separated without the interference of other com-  This paper has reported a method for analysis of Brazilein
pounds in the samples. Peak identification was carried out byin real plant samples. The conditions for optimal separation
the standard addition method. This chromatogram demon-and detection sensitivity of Brazilein have been thoroughly
strated that the application of the HPLC-ED method to the studied. It has been applied to the identification and quan-
determination of Brazilein in plant samples was possible. The titation of Brazilein in real plant samples. Although peak
Brazilein content of this plant sample calculated by the cal- identifications of every peak ifig. 4 have not been car-
ibration formula was 31.2 mg/g. A known amount of stan- ried out yet, this preliminary study for the determination of
dard Brazilein was added to the plant extract and overall re- Brazilein established an interesting study for further analysis
coveries were estimated by the standard addition method.of Brazilein as well as other similar compounds of Sappan
Brazilein recovery was over 92% by the standard addition Lignum extracts in laboratories.
method Table 2. This indicated the validity of the calibra-

tion established in this study.
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