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Abstract

Xanthones, as a kind of polyphenolic natural products with many strong bioactivities, are attractive for separation scientists due to the
similarity and diversity of their structures resulting in difficult separation by chromatographic methods. High performance liquid chromatog-
raphy (HPLC) and thin layer chromatography (TLC) are traditional methods to separate xanthones. Recently, capillary electrophoresis (CE),
as a micro-column technique driven by electroosmotic flow (EOF), with its high efficiency and high-speed separation, has been employed to
separate xanthones and determine their physicochemical properties such as binding constants with cyclodextrin (CD) and ionization constants.
Since xanthones have been used in clinic treatment, the development of chromatographic and CE methods for the separation and determi-
nation of xanthones plays an essential role in the quality control of some herbal medicines containing xanthones. This article reviewed the
separation of xanthones by HPLC, TLC and CE, citing 72 literatures. This review focused on the CE separation for xanthones due to its unique
advantages compared to chromatographic methods. The comparison of separation selectivity of different CE modes including capillary zone
electrophoresis (CZE), micellar electrokinetic chromatography (MEKC), microemulsion electrokinetic capillary chromatography (MEEKC)
and capillary electrochromatography (CEC) was discussed. Compared with traditional chromatographic methods such as HPLC and TLC, CE
has higher separation efficiency, faster separation, lower cost and more flexible modes. However, because of low sensitivity of UV detector
and low contents of xanthones in herbal medicines, CE methods have seldom been applied to the analysis of real samples although CE showec
great potential for xanthone separation. The determination of xanthones in herbal medicines has been often achieved by HPLC. Hence, how
to enhance CE detection sensitivity for real sample analysis, e.g. by on-line preconcentration and CE-MS, would be a key to achieve the
quantitation of xanthones.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tion constants and binding constants with cyclodextrins were

also introduced.
Xanthones widely distributed ifPolygalaceaefamily
are a kind of natural products with polyphenolic structure, )
having many pharmacological effects such as MAO inhibi- 2- Chromatographic methods

tion, antitumor activity, cytotoxicity, antibacterial activity, 2.1, High performance liquid chromatography (HPLC)
antifungal activity, anti-inflammatory properties, antioxidant

activity and tuberculoatatic activifil]. Due to their strong HPLC has been widely accepted as a routine chromato-
bioactivities, some herbal medicinesRolygalaceadamily  graphic method for xanthone separation and many literatures
containing xanthones have been used as anti-inflammatoryhave been involved in this fiel®,4,14—22] For most cases,

anti-bacterial and anti-rheumatism agents in clifig. the mixture of water and methanol was used as mobile

Hence, to develop the separation and determination methodsphase’ UV detector or MS, andg®r Cig column were
plays a very important role in the quality control of these adopted. These HPLC methods were applied to the analysis
herbal medicines. Existing methods for the analysis of of xanthones in herbal medicines and drug preparations, and

xanthones involved high performance liquid chromatogra- to monitor the process of extract, isolation and purification
phy (HPLC) [3,4] and thin layer chromatography (TLC)  of xanthones.

[5,6]. However, owing to the complicated components in
Chinese herbal medicines, HPLC requires gradient elution 2.2, Thin layer chromatography (TLC)

that tends to be inconvenient, time consuming and often

results in interference with other unknown constituents.  TLC is another important separation tool for xanthones
TLC is not recommended for quantitative analysis due to its with cheaper and simpler procedure than HPLC, although
poor reproducibility and accurateness. The improvements TLC has lower reproducibility and accurateness as compar-
in capillary electrophoresis (CE) are attractive for the
studies of natural products, and illustrate good suitability for
the analysis of Traditional Chinese Medicines because of
high separation efficiency, short analysis time, less sample
consumption, low cost, ease of mode change-over and
column regeneration. There have been many publications
in the literaturg7—11]in this field. Recently, some new CE
techniques have been developed, such as microemulsior
electrokinetic capillary chromatography (MEEKC) and

capillary electrochromatography (CEC) that can provide Ne Ry R Rs Rs PRs Rs PRy Rs *LogP
powerful tools for the separation of natural prodyé,13] 1 HO MeO MO  H H H HO H 230
Due to the unique characteristics of xanthone structures, itis 2 wme0 H H MeO H H HO H 269
also very interesting to use xanthones as model compounds 3 Me0 HO H H H H MO H 269
to investigate the mechanisms of CE separation. 4 H H MO HO H H MeO H 269
The separation of xanthones by CE has been investigatec 5§ MeO HO  H H H H HO H 217
in our group in past 3 years, especially by the new techniques ¢ H0 H H MO H H HO H 217
of CE. The separation for 10 xanthones (§ég. 1 for the T HE H H W R B B H 1B
chemical structures of 10 xanthones) was mainly reviewed in 8 HO MO HO H H HoHO H 1B
this paper based on our work, combined with the studies of ° HO - H MO H : HoHOH s
10 HO MeO M H H HO HO H 19

other researchers. The separations of xanthones by differenc
CE mOdeS W.ere compared and the determinations O,f Sonj]eFig. 1. The chemical structure of 10 xanthones.Ratenotes the logarithms
physicochemical parameters of xanthones such as dissociagf n.octane—water partition coefficient of xanthones.
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ing to HPLC[5,23-28] Cellulose, silicone, the moiety of may  PAD1 C, Sig=265,30 Ref=off (SHANTONG\ST-10046.D)
monohydroxyphenyl and-dihydroxyphenyl have been em- 25 1

ployed as separation mediums for xanthones in J235-28] »0

2.3. Gas chromatography (GC) 15

As early as 1971s, Jefferson et §29] utilized gas 10
chromatography (GC) to determine the derivatives of natural
and synthetic xanthones on a packed column. Recently, Obe
et al.[30] made a confirmation of the xanthone structuresin
thermally treated polycarbonates by reactive pyrolysis-gas
chromatography—mass spectrometry (GC-MS). Never- 3 7 s 3 o oS
theless, due to tough pretreatment and analyte volatility (a) t/ min
limitation, GC has seldom been used for xanthone separation.

min

AU DAD1 C, Sig=265,30 Ref=off (XAN-SAP\X-S00080.D)
m

. . 100+ 2,34
3. Electromigration methods

80-
As amicro-column separation technique, CE has been just

developed for xanthone separation recently. Yang 484]. 60/
determined the three xanthonesSwertia przewalskii pis-
sjaukby CZE within 5min with satisfactory recovery and 40
linearity, using a running buffer of 25 mM disodium tetrabo-
rate at pH 9.0. In our laboratory, a series of CE methods have
been established for the separate of 10 xanthoRies ()

20+

[oF,

from Securidacainappendiculata Hasskd the optimization 0 5 10 15 20 35 min
of separation conditions has been systematically studied.  (B) t/ min
3.1. CZE separation of xanthones DAD1 D, Sig=265,40 Ref=off (NXON\NXON0000.D)
mAU 12,346
Since its first introduction by Jorgenson and Lukggd, 30.] ’

CZE becomes an important method for the separation of
charged natural products, especially for the natural products , |
with polyphenolic structures such as flavonoids, coumarin
and organic acids, etf33-35] A fast CZE method was re-
ported in 2002 for the separation of 10 xanthof®&37]
Based on the systematically optimization of such parameters |
as pH, concentration of running buffers, addition of sulfated 10
B-CD, applied voltage and column temperature, the optimal _mﬂ\\___ 3
separation was achieved for the 10 xanthones in less thar
15 min with excellent separation efficiency, using a back-
ground electrolyte consisting of 200 mM borate (pH 9.5) and (©)

10 mM sulfated3-CD under 30 kV applied voltage and 40 _ _

temperature, as shown kig. 2A. The study showed the ad- Fig. 2. The optimum electropherograms of 10 xanthones by CZE. (A) Sul-
" ’ . . fatedB-CD as additive; (BB-CD as additive; (C) NACE. Conditions: (A)

dition of sulfated3-CD was essential to improve the overall pyster, 200 mM borate (pH 9.5) containing 10 mM sulfa@€D; applied

resolution of 10 xanthond87]. In addition,3-CD was also voltage 30 kV; temperature 4C; detection, UV at 265 nm. See Fig. 1 for

added to running buffer and showed totally different selec- peak identification. (B) Buffer, 30 mM borate (pH 10) containing 10 mM

tivity compared with squate@—CD (seeFig. 23) [38]. B-CD; applied voltage, 18 kV; temperature,Z5; detection, UV at 265 nm.

See Fig. 1 for peak identification. (C) Methanol containing 12.5 mM acetate

In the last decade, nonaqueous CE (NACE) has been suC'sodium and 1.5 mM acetic acid under applied voltage, 18 kV; temperature,

CeSSfU”_y emp_lo_yed to separate charged_ solutes V_Viffh higherasec; detection, UV at 265 nm; 58.5 cen 50 i.d. fused silica capillary
separation efficiency and better separation selectivity, espe-for A and C; 58.5 cmx 100um i.d. fused silica capillary for B.

cially for higher hydrophobic analyt¢39-41] However, our

study demonstrated that the NACE provided with insufficient 3.2. MEKC separation of xanthones

resolution for 10 xanthones, as showriig. 2C [42]. It was

speculated that the difference of dissociation constants of 10  As a powerful analytical method, MEKC enables excellent
xanthones in organic solvent tends to decrease, resulting inseparation of both charged and electrically neutral analytes
the poor resolution. [43,44] The separation in MEKC is based on the difference

10

5 10 15 min
t /min
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DAD1 C, Sig=265,30 Ref=off (FA\TRANSFER\XAN-SAP\X-S00265.D) DAD1 C, Sig=265,30 Ref=off (F\TRANSFER\XAN-SAP\X-S00274.D)
mAU J mAU ]
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0 DAD1 C, Sig=265,30 Ref=off (F\TRANSFER\XAN-SAP\X-S00275.D)
mAU7]
-2 T T T T T T T T T T T T T T
0 5 10 min 201
t/ min 151
Fig. 3. MEKC separation for 10 xanthones with 5ng/CD as additive. 10

Conditions: 58.5cmx 50pm i.d. fused silica capillary; 100 mM borate

buffer (pH 10.5) containing 60 mM SDS; applied voltage, 20 kV; tempera-
ture, 35°C; detection, UV at 265 nm. The peak numbers are correspondent ] v o =
to the xanthones numbered in Fig.1.

-5
®) 0 5 10 15 20 min

inthe partitioning of analytes_between the micellar and_ aque- Fig. 4. Effectof the addition of methanol on the separation of xanthones with
ous phase. Thus, the separation selectivity can be manipulated my g-cp as additive. (A) 5% (viv) methanol; (B) 10% (v/v) methanol.

by the modification of the micellar phase or aqueous phasecondition: 100 mM borate buffer (pH 10.5) containing 60 mM SDS and
[45,46] To modify the aqueous phase, organic solvents and 5mM B-CD; applied voltage, 20 kV; temperature, 35; detection, UV at
cyclodextrins are often added to the aqueous buffer system.255 nm. The peak numbers are correspondent to the xanthones numbered in
On the other hand, the micellar phase can also be modified™%

through the use of mixed micelles. In our laboratory, a MEKC

method was also developed for the separation of xanthonesyased on their hydrophobicities and electrophoretic mobili-
[47]. The investigation indicated that 10 xanthones could be ties. The microemulsion buffers used in MEEKC are com-
well separated within 15 min by using 100 mM borate buffer posed of minute water-immiscible oil droplets suspended
(PH 10.5) containing 60 mM SDS and 5 mBACD, although in an aqueous buffer, and solutes partition between the oil
the overall resolution by MEKC was somewhat lower than droplet and the aqueous buffer phases. Water-insoluble com-
that by CZE (sedig. 3) [48]. It was observed that the addi-  pounds will favor inclusion into the oil droplet rather than
tions of CDs and organic solvents played an important role into the buffer phase, making the partition of the solute pos-
in the separation of xanthones. Additions of 5rBMCD and sible in a chromatographic manner. Hydrophobic solutes will
10% (v/v) methanol in the buffer system could achieve the reside more frequently in the oil droplet than water-soluble
baseline separation for four xanthones with lower hydropho- selutes. The separation basis is similar to MEKC, but solutes
bicity (seeFig. 4). The dependence of the migration order are more easily able to penetrate the surface of the droplet
of those xanthones on their structures and solute—micelle-than the surface of a micel[82], allowing MEEKC to be
modifier interactions were also discussed in detail by using applied to a wider range of solutes than MEKC.

the logarithms of-octane—water partition coefficient (169 The theory of MEEKC has been thoroughly reviewed by
as a structural paramet@7]. The study showed that the hy-  Altria [53]. Recently, a high-speed MEEKC separation has
drophobicity of 10 xanthones was closely associated with the peen reported to greatly reduce the analytical {j5#. The
MEKC separation, and the separation selectivity of these xan-reported applications of MEEKC cover a wide range of ana-
thones with lower hydrophobicity was easier to be affected |ytes, such as derivatized sugars, polycyclic aromatic hydro-

by electrophoretic condition variations. carbons, proteins, hop bitter acids, agrochemicals, vitamins,
kentones, analgesics/cold medicine ingredients, steroids, ba-
3.3. MEEKC separation of xanthones sis and acidic drugs, pharmaceutical excipients, cardiac gly-

cosides, natural products, chiral drugs, urine, dyes, and fatty
Microemulsion electrokinetic capillary chromatography acid ester$53,55,56] It was also reported that some active
(MEEKC) is an electrodriven separation technique, which components, e.g. saponins and isoquinoline alkaloids, in tra-
can generate highly efficient separations of both chargedditional Chinese medicines were successfully separated by
and neutral solutgg9-51] This technique separates solutes MEEKC [57,58]
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Ten xanthones were used in our laboratory to systemati- DAD1 C, Sig=265,30 Ref=off (F\TRANSFER\XANM\XANM0025.D)
cally study the influence of operation variables including the ™AV
composition of emulsion, buffer pH, different modifiers, the
capillary temperature and the applied voltage on the selectiv- ] 9
ity in MEEKC [59]. Some parameters including logarithm 207 7
of n-octanol-water partition coefficient (log), resolution ]
(R), peak symmetry factorf§) and theoretic plant number ] 3,4
(n) were employed to evaluate separation selectivity under . 1
various operating conditions, and the separation mechanisms
were elucidated and compared with MEKED]. Based on
the optimization, the best separation for 10 xanthones was
obtained by using 50 mM borate buffer (pH 9.5) containing
10% (v/v)n-butanol, 80 mWvn-heptane, 5 mM sulfatggtCD
and 120mM SDS (se&ig. 5C) [59]. The investigation (A)
showed 5 mM sulfatef-CD as an additive could greatly en-
hance the overall resolution of 10 xanthones with a moderate DAD1 C, Sig=265,30 Ref=off (F\TRANSFERIXANM\XANMO0040.D)
separation time and showed better separation than that with ™V 7T— 89
B-CD as modifier (se€ig. 5 [60]. What should be empha- 25 1
sized here is that operation variables could have important
effects on the separation efficiency of xanthof&&: (1) in
all pH range studied from 8.0 to 10.5, the xanthone 7—-10 with
lower hydrophobicity kept good peak shapes and separation
efficiency. However, at pH 8.0-9.0, the peak shapes of xan-
thone 1-6 with higher hydrophobicity were very poor, which
were obviously improved with the increase of pH values. (2)
For most xanthones, the addition of organic solvents such as
methanol, acetonitrile, propan-2-ol and tetrahydrogenfuran M
could effectively increase the theoretical plate nhumbers of
analytes but the resolution was not obviously improved. (3) (B
10 mM sodium cholate (SC), 10 mM cetyltrimethylammao- '
nium bromide (CTAB), 5% (v/v) Tween-80 and Triton X-100 -, DAD1 C, Sig=265,30 Ref=off (F:\ TRANSFER\XANMXANMO0041.D)
were respectively added into the microemulsion system to 1 0
form mixed surfactant for studying the changes of selectivity. 25 . 5
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Unfortunately, the addition of SC destroys the overall sep- ] 34

aration and the peak shape, resulting in very poor resolution 2%

of all xanthones. With the addition of CTAB, the migration ] 1

times of xanthones decreased slightly because low concen-

tration CTAB can reduce the charge density on the droplets.

What is more, the addition of CTAB increased the theoretic

plant number of all analytes to a great extent. The addition

of Tween-80 obviously narrowed the detection window in d

MEEKC and decreased the migration times of xanthones

5-9. Tween-80 is a kind of neutral surfactant and can make " 10 " 20 min

these xanthones more soluble in the aqueous phase an(c) t / min

reduce the affinity to the droplets, resulting in the decrease

in migration times of xanthones 1-6. Adding Tween-80 Fig.5. MEEKC separation for 10 xanthones. (A) Without additive; (B) 5 mM
greatly improved the theoretic plant numbers of the analytes B-E(I)D as agd;tive;d(C_)l_S mM S'ﬁlfategoCD Neltz additi\ge.ﬁCondiFtiicgn:S 48.5cm
wih igher hycroptlicity suh as xarifone 710, O the - 047 & L S el 0 b bl (10 o
co_nt_rary, the addition of Tween'8_0 decreased the Se_pa_ratlor}emperature and 25 kV applied voltage. See Fig. 1 for peak identification.
efficiency of xanthone 1-6 with lower hydrophilicity.

Similarly, the addition of Triton X-100 deteriorated the

separation of xanthone 1-6, but dramatically increased the

theoretic plant number of xanthone 7-10. (4) Like in CZE, also showed that CDs as modifiers could affect the separation
higher applied voltage represented higher efficiency for most efficiency.
analytes. However, the increase of capillary temperature re-  In fact, the change of separation efficiency in MEEKC is
duced the separation efficiency for xanthones. (5) The studyclosed related to the dynamic process. An equation used in
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MEKC can be applied to the MEEKC: It can be seen that peak order is fluctuated between
different separation modes. The reason is the separation
Hiot = Hi + Hm + Haq+ HT + Hep mechanisms are more or less different from each other.

In CZE separation, the difference in xanthone mobilities
resulted from the dissociation constants discrepancy of phe-
nolic hydroxyl groups and the difference in binding constants

whereHot is overall plate height, andy, Hm, Hag, HT and

Hep are plate heights generated by longitudinal diffusion,
sorption—desorption kinetics in micellar solubilization, inter-
micelle mass transfer in the aqueous phase, radial temperatur8€Ween xanthones and sulfggeCD. Therefore, xanthone

gradient effect on the electrophoretic velocity of the micelles 7H10 V(‘;'tr;] three ?}ydmxlyl Gg_rouhps were n;o:cfe ner?atwely
and dispersion of electrophoretic mobilities of the micelles, charged than xanthone 1-6 in the running buffer, thus were

respectively. Among these five factok,, Hm andHep were E!u'ted arg_l‘ft' Wgereas, in MtEgl(): T‘B”d ll\/IEEKC, h%(der’plhO'
found to contribute significantly to band broadenjig). The icity, which can be represented by IBgplays essential role

longitudinal diffusion decreases with an increase in the EOF, [Ir_1hthe sepr)]aration, in gdd(;t_i‘?g tg the ionization of analy(tje_s.
whereaddm andHepincrease linearly with the increase in the ehx.al?t oF?eTshcan ?] i el éntq rt]\";lo gr;]roulps aTcor Ing
EOF[61]. The same discussion is also applicable to MEEKC. 1© their logP. The xanthones 1-6 with higher Idgvalues

What is dominant would determine the change of separationgad Islf[)wer moﬁ"“t{/\/?]ue to thtﬁ" strotr;]ger aff;nl%to.ttm oil
efficiency when operation conditions were changed. ropiet or micetie. Jvhereas, the xaninones /=L with lower

log P values eluted faster because of less reaction with the oil
) droplet or micelle. MEEKC showed better separation ability
3.4. CEC separation of xanthones for xanthones than MEKC, especially for those with similar
] ) hydrophobicity. It can be well explained that the surface

Capillary electrochromatography (CEC) is a powerful of the droplet was much more easily penetrated by solutes
separation technique combining, in principle, advantages of ihap, the surface of a micelle, since the latter is more rigid
HPLC and capillary electrophore42—65} CEC uses elec-  han the former, allowing MEEKC to be applied to a wider
troosmotic flow to drive the mobile phase that transports the range of solutes than MEKC. CEC is a recently developed

solutes through the chromatographic column. Separation CaNechnique, but it could not show better separation power for
be achieved by differential partition between two phases, yanthones.

differential electromigration or a combination of these two.

However, much work will still be necessary if CEC can be

accepted as a routine analytical technique and a viable alter3.5.2. Separation efficiency

native to CE and HPL(66,67] We explored the possibility Theoretic plate number and symmetry factor by using dif-
of separating 10 xanthones by CEC on a C18 col{#8(68]. ferent CE modes for xanthone separation were compared and
The best separation was achieved by using 25 mM acetic acidthe data are listed iffable 1 The data indicated that CZE
buffer solution (pH 4) with 50% acetonitrile. In addition, the showed the highest theoretic plate numbers for xanthones
study revealed that percentage of acetonitrile in mobile phasebut obtained the lowest symmetry factor, compared with
was very important for the separation. Unfortunately, com- other CE modes. MEKC demonstrated the lowest separa-
pared with CZE, MEKC and MEEKC, CEC did not provide tion efficiency with theoretic plate number below 100,000/m.

acceptable separation for 10 xanthones. MEEKC showed higher theoretic plate numbers similar to

CZE, and better symmetry factors. However, as a combina-
3.5. Comparison of different CE modes for xanthone tion of CE and HPLC, CEC has not show any advantage in
separation the respect of separation efficiency.

3.5.1. Separation selectivity

According to the descriptions above, there exist great dif- Table 1

i 9 X p o ! e 9 The theoretic plant number (mh) and symmetry factor of nine xanthones
ferences in separation selectivity and analysis time for Xxan- py ysing different CE methods under optimal conditions
thones when adopt_lng_ different CE modes. MEEKC sh_owed Xan  CZE MEKGC MEEKC CEC
the longest analysis time and the largest detection window
S ' . 1 300700 (9P 29014 (116) 210658 (130) -

(analysis time scale from first emerging peak to last one) ; 208392 (R2) 25698 (068) 223113 (072) 26578 ((B2)
compared with others. The baseline separation of nine xan-z 4 73676 (@2) 21274 (112) 81820 (131) —
thones can be successfully completed by CZE and MEEKC. 5 307802 (R9) 54134 (071) 187565 (M0) 140088 (M4)
Especially for CZE, the fastest analysis was achieved within 6 132989 (014) 26904 (B4) 125463 (B9) -
12.5min. As for MEKC and CEC, however, the baseline sep- 7/~ 397038 (07) 39095 (112) 252080 (B9) 22588 (D3)

tion cannot be achieved. It was also demonstrated that 231604 (076) 50749 (125) 193655 (®7) 31785 (214)
ara -t =mon: Y 325704(B2) 49642 (145) 228473 (9) 152898 (126)
the peak order yvas greatly Var'|Ed when u§|ng different CE 10 195496 (101) 59222 (134) 192090 (M7) 146633 ((BY)
modes due to different separation mEChamSmS' It ShQUId be™ The data in the parentheses denotes symmetry factorFigeé for
noted that MEEKC showed stronger separation ability for yanthone number. See Section 3 for the optimal conditions of different CE
xanthones than MEKC. modes.
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3.5.3. Repeatability of migration or retention time on-line detection used in CE has narrow capillary diameter.

The repeatability of migration or retention times in CZE Therefore, it will be interesting to investigate on-line precon-
separation was tested by using a pair of BEG vials for con- centration techniques for CE to improve its detection sensi-
secutive analysis. The investigation demonstrated that thetivity. On the other hand, Yangy 0] used TLC with silica as
relative standard deviation (R.S.D.) for migration times of stationary phase and a mixture of methanol and chloroform
xanthones was below 1%. MEKC, MEEKC and CEC also as elution solvent for the separation for xanthones, showing
demonstrated satisfactory R.S.D. (<7%). an elution sequence of 10 xanthones as follows: 3, 4, 1, 6,
2,10, 7, 8, 5 and 70]. It was very interesting that xan-
thone 3 and 4, which could not be separated by any mode of
CE and reversed-phase HPLC, could be separated by TLC.
Consequently, two-dimensional chromatography or on-line
coupling of HPLC and CE would be studied to completely
separate these xanthones.

3.5.4. Comparison between CE and HPLC

A HPLC method for the separation of 10 xanthones was
developed for comparison with CE methof8,69] As
shown inFig. 6, the baseline separation of xanthones was
achieved using linear gradient elution within 40 min, but the
analytical time is much longer than CE methods mentioned
above, demonstrating that CE is a more suitable tool than
HPLC for the separation of xanthones. However, the detec-
tion limit of CE is not as high as that of HPLC because the

3.6. Mechanism elucidation of xanthone separation in

As described above, the addition of sulfat€D or3-CD
in running buffer can obviously enhance the separation selec-
DAD1 A, Sig=265,16 Ref=off (D:\HPCHEM2\DATA\KENNY\XON00018.D) tivity for 10 xanthones in CZE, MEKC and MEEKC. Hence,

m;)‘;_z 3.4 to investigate the separation mechanism in presence of sul-
] 10 fate 3-CD or B-CD would be significantly important. Bo et
1753 7 al.[71] studied the quantitative structure-electromigration re-
150 5 lationships (QSER) to elucidate the separation mechanism in

125_5 6 CZE with sulfateB-CD or 3-CD as additives. The binding
] 8 9l constantsK) of CDs and xanthones are varied with different
1009 2 structures of CDs and xanthones, as showFeinles 2 and 3
75 [37,38] In addition, the structural descriptors of xanthone
50 molecules in term of quantum chemical indices and calcula-
255 tion chemistry were calculated in our work, listedTiable 4
4‘#_’,‘! UU [71]. Computer was used to simulate the interaction process
0 : : : between sulfate@-CD or B-CD and xanthones on the ba-
(A) o 10 2 30 min sis of molecular mechanics and molecular dynamics, from
DAD{ A, Sig=265,16 Ref=off (D:\HPCHEM2\DATA\KENNY\XON00041.D) WhICh the interaction energ_y between an_alyte-se_lector was
mAU T obtained. Among the descriptors above, interaction energy
] (INE), the logarithms of octanol-water partition coefficient
40 2 (log P) and total energy (TE) of xanthone molecular were

1 selected to describe molecular recognition process between

20 Table 2
] Apparent binding constants between sulfgte@D and studied xanthones
10 7 34 Xanthone Binding constant  Linear regression Correlation
:Jj (K, Lmol~1) equation coefficient
0] 1 7229 Y =143.90 + 10.68 0.9895
] 2 87.47 Y =65.85 +5.7& 0.9844
o 10 T2 " 30  min 3 7303 Y=74.70 + 5.4& 0.9684
(B) t/ min 4 7303 Y =74.70 + 5.4& 0.9684
5 1253 Y=111.28 + 13.9% 0.9115
Fig. 6. HPLC separation for xanthones. (A) Xanthone standards solution; 6 3422 ¥=19.59+6.7X 0.9966
(B) real sample solution. Condition: A ZORBAX RXgQ4.6 mmx 25cm, 7 1164 Y=7155+8.3X 0.9970
5wm) (Agilent Technologies, CA, USA) was used; UV detection was set at 8 2769 Y=66.55+18.4X 0.9702
265 nm; the mobile phase was composed of two solvents, water and acetoni-lz 3641 Y=54.73+19.9% 0.9786

trile, and a linear gradient program was developed; the volume percentage
of acetonitrile was linearly changed from 5 to 95% within 30 min, and then X stands for [] (mmolL=1), Y for [L)/(uf-ui) (mmolskVLtem=2 x
95% acetonitrile was maintained for 5min; the flow-rate and the column 10~3). Conditions: buffer, 200 mM borate, pH 9.5; applied voltage, 18 kV;
temperature were set at 1.0 ml/min and°25 respectively. See Fig. 1 for temperature, 25C; detection, UV at 265nm; capillary inner diameter,
peak identification. 50m.

2
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Table 3
Apparent binding constants betwe@CD and studied xanthones
Xanthone Binding constant  Linear regression Correlation
(K, Lmol~1) equation coefficient
1 1619 Y =5.960 + 0.09% 0.9002
2 2460 Y =1.256 + 0.30% 0.9900 2
3 4474 Y=0.742 + 0.33X 0.9822 1
4 4474 Y=0.742 + 0.33X 0.9822
5 1777 Y=1.049 + 0.18% 0.9115
? 65?25 if 22?}421 +8§§g( ggg% Fig. 7. The number of publications about xanthone determination in real
8 3754 Y=0371 +0.13% 0.9740 samples by means of different chromatographic methods based on SCI.
9 3860 Y=0.310 + 0.11X 0.9844 ) )
10 9342 Y=0.170 + 0.15% 0.9912 dominant, and the phenomenon observed above with sulfated
Xrepresents]] (mmol L-1), Y representsJ/(;f—ui) (mmol s kv L~ cm-2 B-CD as a additive cannot be happened. What is more inter-

x 10~3). Conditions: buffer, 30 mM borate, pH 10; applied voltage, 20kv;  esting is that lod® exerts negative contribution to the inter-
temperature, 25C; detection, UV at 265nm; capillary inner diameter, actions between CDs and xanthones, which is opposite to the
100pm. traditional theory about CDs. It was showed that calculated

log K from multiple regression equation and observedkog
xanthone and CDs in CZE. The multiple regressions oKlog from experiment can be compared, so the CZE behavior of
with INE, log P and TE showed different separation mecha- xanthones could be predicted by this QSEQ study.

nisms when sulfate@l-CD or3-CD was added to the running Besides binding constant, dissociation constant is an im-
buffer. For sulfate@-CD, it can be reached that the electric portant parameter that can determine the CZE behaviors and
and hydrogen bond effects between sulfg3e@D and xan- the interactions between solutes and micellar or droplet phase

thones are the mostimportant factors for the molecular recog-in MEKC or MEEKC. Furthermore, dissociation constant
nition. The electric and hydrogen bond effect is benefit to the can have an essential impact on the transportation of solutes
interaction and decides the stability of inclusive-complex be- across protein or liposome membrane. CZE can serves as an
tween sulfated3-CD and xanthones. On the contrary, the effective tool to determine dissociation constant. Yang et al.
van der Waals force effect between sulfage@€D and xan- [31] determined the dissociation constants of three xanthones
thones, and the stronger hydrophobicity of analytes are notSwertia przewalskii pissjauktn our study, the dissociation
benefit to the inclusive-complexes formation. It can be well constants of 10 xanthones showrFig. 1 were determined
explained that the sulfonic acid group of sulfadD has by CZE and provided important data for studying CE sepa-
extremely electric effect (including hydrogen bond effect) on ration mechanism of xanthong#2].

the xanthones, so the electric and hydrogen bond effects are

dominantin the molecular recognition. As f4CD, it can be

concluded that the van der Waals forces effect betvge€D 4. Quantitation and validation

and xanthones is the most essential factor for the molecular

recognition. Stronger the van der Waals forces are, the more Although xanthones are attractive natural products

stable the inclusive-complex becomes. Unlike sulf@tezD, with strong activities, the quantitation of xanthones in
B-CD is electrically neutral and the resulted hydrogen bond real samples has been still limited due to their extremely
with xanthones is much weaker than that of sulfgte@D, low contents. For most cases, chromatographic methods

so under this circumstance the van der Waals forces becomesuch as HPLC, TLC, and CE have been just used for the

Table 4

The descriptors of analytes for QSRR

Xan logP TE INE 1 INE 2 m HOMO LUMO
1 2.30 —1.024 —0.308 -0.271 5.662 —0.2849 0.0678
2 2.69 —0.9493 -0.114 —0.203 4.726 —0.2829 0.0811
3 2.69 —0.9493 —0.155 —0.090 5.105 —0.2875 0.0704
4 2.69 —0.9493 —0.104 —0.193 3.027 —0.3011 0.0738
5 2.17 —0.9103 —0.259 —0.268 5.425 —0.2901 0.0690
6 217 —0.9103 —0.337 —0.108 5.317 —0.2838 0.0642
7 1.78 —0.9852 —0.209 —0.136 3.778 —0.2967 0.0672
8 1.78 —0.9852 —0.234 —0.300 6.936 —0.2852 0.0670
9 1.65 —0.8713 —0.142 —0.193 6.515 —0.3046 0.0675

10 191 —1.099 —0.101 —0.219 5.770 —0.2908 0.0760

log P denotes the logarithms of octanol-water partition coefficient. TE denotes total energy (dnitart@e). INE 1 denotes interaction energy (unit:
100 kcal/mol) of3-CD. INE 2 denotes interaction energy (unit: 100 kcal/mol) of sulf@eZD. . denotes dipole moment (unit: Debye) of xanthone. HOMO
denotes the energy of the highest occupied molecular orbital (unit: hartree). LUMO denotes the energy of the lowest unoccupied moleculét: bebit@gun
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