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Determination of Dissociation Constants of
Resverastrol and Polydatin by Capillary
Zone Electrophoresis

Jia Cao, Guan-Hua Chen, Yu-Shan Du, Fang-Fei Hou,
and Yi-Ling Tian
College of Life Science, Agricultural University of Hebei,
Baoding, P. R. China

Abstract: A method to determine the dissociation constants of resverastrol and
polydatin by capillary zone electrophoresis was developed. First, resverastrol and
polydatin have to be baseline separated to measure their effective electrophoretic mobi-
lities accurately. Second, the first order dissociation constants of resverastrol and
polydatin, which are 9.49 and 9.40, can be obtained from the non-linear regression
between their effective electrophoretic mobilities and the HT activities of the
running buffer. The correlation coefficients of the non-linear regression are 0.9956
and 0.9982, respectively. The reliability of the method is validated by the result of
the hydroquinone of which the first order dissociation constant is known.

Keywords: Resverastrol, Polydatin, Dissociation constant, Non-linear regression,
Capillary zone electrophoresis

INTRODUCTION

Resverastrol (3,5,4'-trihydroxy-stilbene, res) is a type of phytoalexin, which is
relatively rich in vitis vinifera L. and rhizoma polygoni cuspidate. Res can also
consist in the plants in the form of glucoside (3,5,4'-trihydroxy-stilbene-3- -
mono-D-glucoside, polydotin, pd). Pd has the same biological activity as res,
and it can be converted into res by the glycosidase in the intestinal tract. Res
and pd exist in plants in trans configuration and show many biological
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functions, such as scavenging oxygen free radical,!'! cancer prevention,*!
inhibiting lipid peroxidation,'*! phytoestrogen action,”®’  controlling
microbial flora, ' and protecting the liver,!”! etc. It is very important in the
development of techniques in extracting and purifying res and pd from
plants to understand their dissociation constants (pK,).

The pK, values of res and pd can be obtained from the non-linear
regression between their effective electrophoretic mobilities and the H™
activities of a running buffer. Their effective electrophoretic mobilities can
be calculated based on the migration times of res and pd in capillary zone elec-
trophoresis (CZE). In this paper, the separation conditions of res and pd are
optimized first; their pK, values are determined second. So far, it has been
not reported that the pK, values of res and pd are determined by CZE.

THEORY

There are 3 phenolic hydroxyl groups in the structures of res and pd, so they
should be treated as ternary acid. Their effective electrophoretic mobility can

be written as follows:!®!

Meff = Q0bpya T Q1lpga- + Q2lga2- + A3 As- (1

where Wi,a, IH,A-> WHA2-> and pas- are the absolute electrophoretic mobility
of H;A, H,A™, HAz_, and A3 -, o, &, &, and az are the distribution coeffi-
cient of H3;A, HoA ™, HAZ_, and A>”. The expressions of «y, a,, and a; are as
follows:

_ [HoAT]
) = - >
[H3A] + [HoA7] + [HAY [+ [A7]
[HA?"]
ay) =
[H3A] + [HoA7] + [HA* [+ [A%7]
[A*]
as

~ [H3A] + [HoA ] + [HAY ] + [AT]

Under the determination conditions for pK,, the second and third
order dissociation is so weak that [HAZ_] and [A3_] can be ignored.
Because py,a= 0, and

_ YA~ [HoA™ Jag+

K
“ [H3A]

2

Wefr can be simplified as

_ Ky, - Mo, A-

= 3
e ()

Meest
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where ay- is the activity of H* in buffer, ajy. = YA~ aH+ YH,A- Can be
calculated by

0.508522V/1
Y 132811

where I is the ionic strength of the background electrolyte, Z is the number of
charge for solute ion, and d is its hydrated ion diameter assumed as 0.5 nm.
When variable ¢ and ajg+ are known by measurement, based on Eq. (3),
fit constant K, and K, - py,a- will be obtained by their non-linear regression
analysis. The negative logarithm of ag;. can be calculated as follows:

0.5085Z2/1
—lga,, = pH = pH+ ————— 4
S = P P 3 2814V @
and L. can be obtained with the following equation:
LiLg [ 1 1
= ——— 5
et Vv <tEOF tm ©)

where L is the total length of the capillary, L4 the length from the capillary
injection end to the detection window, V the operating voltage, t, the
migration time of the solute and tgop the migration time of a neutral solute,
respectively. w.s and agy+ can be acquired by Egs. (4) and (5).

EXPERIMENTAL
Instruments and Chemicals

The separation was carried out on a BioFocus 3000 capillary electrophoresis
system (Bio-Rad Inc. U.S.A.) equipped with a UV detector and an uncoated
fused silica capillary (50 wm i.d. x 50cm total length, 45.4cm effective
length, Yongnian Optical Fiber Factory, Hebei province, China). PHS-4 acidi-
meter (Jiangsu Electronic Analysis Instrument Factory, Jiangsu province,
China) was used for pH determination.

Res was purchased from Sigma Company (U.S.A., 99%) and pd from
Tianjin Jianfeng Natural Production Company (Tianjin, China, 99%).
Sodium hydroxide and boric acid (guaranteed grade), hydroquinone,
anhydrous alcohol, hydrochloric acid (analytical grade) were purchased
from Beijing Reagent Company (Beijing, China). Water used for buffer
solution was deionized to the resistivity of 150k{}-m.
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Standard Preparation

The standard solutions of 2.50g/L res and 2.75g/L pd was prepared by
dissolving them in anhydrous alcohol. The interim solution was prepared by
diluting the standard solution 50 fold with anhydrous ethanol. The sample
solution was prepared by mixing 25 uL 1M NaOH into 175 pL interim
solution.

Electrophoresis Conditions

The running buffer was 40 mM borate solution adjusted to pH ranging from
8.23 to 10.46. Electrokinetic injection mode was applied. Injection voltage
was 10kV, and injection time was 10s. Separation voltage was 15kV.
Detection wavelength was set at 308 nm.

The temperature of cartridge and carousel was both 25°C. The buffers and
sample were filtered through a 0.45 pm filter before use. Between the runs, the
capillary was purged with deionized water (60s), 1M HCI (120s), deionized
water (60s), 1 M NaOH (1205s) and deionized water (120 s), respectively.

RESULTS AND DISCUSSION
Optimization of Separation Conditions

The accurate migration time of analyte is necessary in the measurement of its
first order dissociation constant. Then the resolution of analytes has to meet
the requirement of determination. Besides the pH of the running buffer, the
concentration of electrolytes in the running buffer, injection voltage, and
time can influence the resolution of analytes in CZE. These parameters
should be optimized in order to obtain the better resolution between res
and pd.

Electrophoresis is carried out with 40 mM borate buffer adjusted to pH
ranging from 8.23 to 10.46 under the condition of injection voltage 10kV
and injection time 3s. The results show that the resolution between res and
pd decreases with the reduction of pH values under the same injection
condition. The resolution is 1.0 and meets the requirement at the lowest pH
8.23. In order to consider the effect of buffer concentration on the resolution,
electrophoresis is also carried out with the borate buffer ranging from 40 mM
to 100 mM and adjusted to pH 9.02. The results show that the resolution is
approximately increased with the increase of the concentration. The higher
the concentration is, the larger the separation current is, so 40 mM is chosen.

Under the condition of 40 mM buffer adjusted to pH 9.02, the injection
time of 3s and the injection voltages ranged from 10 to 15kV are applied
respectively. The results show that the higher the voltage is, the worse the
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Table 1. .. and ay of three solutes

Pegr (m> s~V

pH ag+ (mol/L) Hydroquinone Res Pd
8.23 3.41 x 107° 5.82 x 1078 1.00 x 107 1.89 x 107
8.47 1.91 x 107° 1.59 x 107 3.00 x 107°
8.63 1.30 x 107° 9.80 x 1078 2.11 x 10°° 3.95 x 10°¢
8.85 7.70 x 10710 1.20 x 1077 3.14 x 107° 532 x107°
9.02 5.14 x 10710 1.77 x 1077 3.98 x 107° 6.66 x 107°
9.46 1.83 x 10710 3.82 x 1077 597 x 10°° 1.27 x 1073
9.79 8.52 x 107! 5.76 x 1077 722 x 107 123 x 107°
10.07 445 x 1071 6.74 x 1077 8.60 x 107° 142 x 1073
10.46 1.81 x 10~ 9.68 x 10°° 1.50 x 1073

resolution is, and the low voltage can result in the long analytical time. The
voltage of 10kV is selected. The injection time ranged from 1 to 20s is
applied at 10kV. The results show that the longer the injection time is, the
higher the peak height of analytes is, and the worse the resolution is. Consider-
ing both the peak height and resolution, 10s is chosen. The higher injection
voltage and the longer injection time can result in the larger sample size,
and this may be the origin of which the resolution decreases with the
increase of injection voltage and time.

Determination of pK,

The migration time of res, pd, and hydroquinone is determined by the buffers
adjusted to pH ranging from 8.23 to 10.46 under the operating conditions. The
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Figure 1. Non-linear regression curve of resverastrol.
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Figure 2. Non-linear regression curve of polydotin.

migration time of the analytes and neutral solute is measured for 4 times at
every pH values. The p.g averages of the analytes can be calculated based
on Eq (5). Table 1shows the ajy: of the buffer and the g of the analytes.
Based on Table 1 data, the fit curve (see Figure 1-Figure 3) and pK, of
three solutes are obtained.

The pK,, of hydrogninone (25°C) is 991, the pK,, of non-linear
regression analysis is 9.87, and correlation coefficient is 0.9979. The result
approaches to the value of literature, and demonstrates the accuracy of the
method. The pK,, of res and pd is 9.49 and 9.40, and correlation coefficient
is 0.9956 and 0.9982.

For the CZE method, it is not necessary to know the concentration of the
analyte, the sample volume is hardly needed, and the high sensitivity can be

L
1 .
TTre— n

0 1 Il 1 1 Il
0 50 100 150 200 250 300 350
alﬂ'(l()'lI mol/L)

Figure 3. Non-linear regression curve of hydroquinone.
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obtained for hydrophobic analytes. In order to obtain the exact dissociation
constant, the effect of activity coefficient must be considered and non-linear
regression analysis must be used. The error of measurement is mostly from
the pH of buffer.

REFERENCES

1. Juan, S.H.; Cheng, T.H.; Lin, H.C.; Chu, Y.L.; Lee, W.S. Mechanism of concen-
tration-dependent induction of heme oxygenasel by resveratrol in human aortic
smooth muscle cells. Biochem. Pharmacol. 2005, 69, 41-48.

2. Jang, M.S.; Cai, L.N.; Udeani, G.O.; Slowing, K.V.; Thomas, C.F;
Beecher, C.W.W.; Fong, H.H.S.; Farnsworth, N.R.; Kinghorn, A.D.; Mehta, R.G.;
Moon, R.C.; Pezzuto, J.M. Cancer chemopreventive activity of resveratrol, a
natural product derived from grapes. Science 1997, 275, 218-220.

3. Stewart, J.R.; Artime, M.C.; O’Brian, C.A. A candidate nutritional substance for
prostate cancer prevention. J. Nutr. 2003, /33, 2440-2443.

4. Stivala, L.A.; Savio, M.; Carafoli, F.; Perucca, P.; Bianchi, L.; Maga, G.; Forti, L.;
Pagnoni, U.M.; Albini, A.; Prosperi, E.; Vannini, V. Specific structural determinants
are responsible for the antioxidant activity and the cell cycle effects of resveratrol.
J. Biol. Chem. 2001, 276, 22586—-22594.

5. Dobrydneva, Y.; Williams, R.L.; Morris, G.Z.; Blackmore, P.F. Dietary phytoestro-
gens and their synthetic structural analogues as calciumchannel blockers in human
platelets. J. Cardiovasc. Pharmacol. 2002, 40, 399-410.

6. Jiménez, J.B.; Orea, J.M.; Montero, C.; Urefia, A.G.; Navas, E.; Slowing, K;
Gomez-Serranillos, M.P.; Carretero, E.; De Martinis, D. Resveratrol treatment
controls microbial flora, prolongs shelf life, and preserves nutritional quality of
fruit. J. Agric. Food Chem. 2005, 53, 1526—1530.

7. Hebbara, V.; Shen, G.X.; Hu, R.; Kim, B.R.; Chen, C.; Korytko, P.J.; Crowell, J.A.;
Levine, B.S.; Kong, A.N. Toxicogenomics of resveratrol in rat liver. Life Sci. 2005,
76, 2299-2314.

8. Schmitt, P.; Poiger, T.; Simon, R.; Freitag, D.; Kettrup, A.; Garrison, A.W. Deter-
mination of ionization constants and isoelectic points of 12 hydroxy-s-triazines by
capillary zone electrophoresis and capillary isoelectric focusing. Anal. Chem. 1997,
69, 2559-2566.

9. Teaching and Research Group of Analytical Chemistry, Department of Chemistry,
Hangzhou University, Analytical Chemistry Handbooks-First Fascicule; Chemical
Industry Press: Beijing, China, 1997, 131.

Received January 5, 2006
Accepted February 1, 2006
Manuscript 6805



