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The light-induced cis-trans isomerization of rhapontigenin (RHA) and its glucoside rhaponticin (RHA-
Glc) were evaluated under ultraviolet (UV) light irradiation. A simple and rapid capillary electrophoresis
method was developed for the kinetic study of four stilbenes (both cis and trans form of RHA and RHA-Glc).
These analyses were achieved by using [3-cyclodextrin (3-CD) modified capillary zone electrophoresis
with diode array detector (CZE-DAD). The method provided reliable separations with a short analy-
sis time of 3 min. The purity of individual compound was checked by UV spectral comparisons with
known standards, and further confirmed by 'H and '3C nuclear magnetic resonance (NMR) spectroscopy.
Furthermore, the UV absorbance and the molar absoptivity (&) values were determined by UV-vis spec-
trophotometer to be 36824 Lmol~! cm~! at Amax 324.5 nm for trans-RHA and 43894 L mol~! cm™! at Amay
325 nm for trans-RHA-GIc in methanol/water mixture solution (50%, v:v), respectively. CZE, UV-vis and
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detector NMR spectroscopy studies provided similar conclusions by considering the influence of irradiation time
UV-vis spectroscopy and the influence of irradiation wavelength.
NMR spectroscopy © 2011 Elsevier B.V. All rights reserved.

1. Introduction

The stilbenes, which are abundant in the plant kingdom, are
of recent interest due to their diverse biological profiles. Amongst
these, rhapontigenin (RHA) and its glucoside rhaponticin (RHA-
Glc) (Fig. 1), phytoalexins belonging to the stilbene subgroup
of polyphenols, present in Rhubarb and other Chinese herbal
medicine. They have been reported not only to exhibit antithrom-
botic, antiallergic properties and attenuate cardiac hypertrophy but
also exert a protective effect against ethanol-induced liver dam-
age [1-5]. It is worth noting that the stereochemical structures
of stilbenes are very important for their activities. For instance,
resveratrol (3,5,4'-trihydroxystilbene, RES), just the trans-isomers
showed the activities of anti-tumour, anti-inflammatory, anti-
oxidant and anti-platelet aggregation [6-12].

On the other hand, stilbenes are extremely photo-sensitive and
function in both cis- and trans-isomeric forms in a number of plant
species (Fig. 1) [13-24]. The trans form is susceptible to UV-induced
isomerization, and is converted to a physiologically considerably
less active cis form by irradiation for a while. So the UV-induced
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even ambient light induced isomerization may cause the inactiva-
tion of these potential therapeutic agents for humans.

Prior to evaluate any isomerization, information about vari-
ous isomeric products and by-products must be assessed, in order
to determine the yields of the isomerization and evaluate the
effect of reaction condition. Many methods have been developed to
assess the UV-induced isomerization of such stilbenes like gas chro-
matography (GC) [25-28], liquid chromatography (LC) [17,29], and
micellar electrokinetic chromatography (MEKC) [30]. However, the
GC and LC methods require a significant amount of time and mate-
rial consumption, and may result in some trans to cis isomerization
during the process of treatment.

CE, which provides the determination of the yields of the
UV-induced isomerization, is the fastest and less reagent consum-
ing technique. Moreover, the effect of reaction conditions can be
evaluated if the CE developed method allows their simultaneous
separation and determination. Compared with traditional chro-
matography methods, CE has unique advantages that make it an
excellent candidate for analysis of this UV-induced isomerization
including, requirement of very small injection volumes (nano-
liters), fast separation and high efficiency [31,32].

Besides, contamination of the stilbenes with other UV-absorbing
materials (e.g., oxidation products) may result in alteration of the
concentration, leading to misinterpretation of the conversion ratio
of the UV-induced cis-trans isomerization. The reliability of CE
purity analysis of cis- and trans-isomers may thus be improved con-
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Fig. 1. UV-induced isomerizations of trans-resveratrol (RES), trans-rhapontigenin (RHA) and trans-rhaponticin (RHA-Glc) with the products: cis-resveratrol, cis-rhapontigenin

and cis-rhaponticin.

siderably by checking peak purity and spectral identity by diode
array detector (DAD) analysis of the spectrum.

Another routinely used approach to study the cis-trans isomer-
ization of stilbenes includes the use of UV-vis spectroscopy [18].
So we also used UV-vis spectroscopy to study the effect of irra-
diation time and irradiation wavelength. The experimental results
from UV-vis spectrum verified the feasibility of the proposed CE
method for the study of UV-induced cis-trans isomerization.

NMR spectroscopy, even if it is a more time and reagent con-
suming technique, permits to obtain more information about trans
material and cis product of UV-induced isomerization. First, the
stereochemical characteristics of the materials and products were
assessed by NMR spectroscopy which is a powerful technique and
one of the main tools of research for structural investigation of
molecules [33-35] as well as isomerization [36-38]. Second, CE and
UV-vis techniques provide data based on the whole molecule. On
the contrary, NMR spectroscopy, through the study of the variation
of chemical shifts for various proton signals, allows to obtain infor-
mation on the environment of individual atoms and intramolecular
interactions.

To the best of our knowledge, comprehensive data describing
the photochemical stability and isomerize reactivity of RHA and
its glucoside RHA-GIc are scarce. Herein, the UV-induced cis-trans

isomerization process of photosensitive stilbene compounds RHA
and RHA-GIc were studied. Our objectives were to investigate the
effects of different irradiation wavelengths and different irradiation
time on the isomerization in order to obtain information about the
product structure and confirm whether by-products exist after UV
irradiation using CZE, UV-vis and NMR spectroscopy. The devel-
oped CE method is simple, fast, with less interference and accurate
to study the reaction kinetics of the UV-induced isomerization of
RHA and RHA-GIc whose photo-chemical kinetics have never been
studied.

2. Experimental
2.1. Chemicals and reagents

Standard trans-rhapontigenin (trans-RHA) and related gluco-
side trans-rhaponticin (trans-RHA-Glc) were purchased from Sigma
(Aldrich Chemical Co., Inc.). cis-isomers are not commercially avail-
able because of their instability in solid form. Their standard
solutions were therefore prepared from a 100 uM aqueous solution
of trans-isomers by UV irradiation as literature reported [39-41].
The chemical structures of studied compounds are shown in Fig. 1.
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Fig. 2. Electropherograms of a standard mixture of 100 uM trans-RHA-Glc and
100 M trans-RHA exposed to the UV lamp at 365 nm for different times. Elec-
trophoresis conditions: 30 mM sodium tetraborate, 1 mM 3-CD and 10% methanol
at pH 9.0 and an applied voltage of 20kV. (1) trans-RHA-GIc, (2) trans-RHA, (3)
cis-RHA-Glc and (4) cis-RHA.

All solvents and reagents were of analytical grade and were used
without further purification. Redistilled water was used through-
out.

2.2. UVirradiation of the standard solution

In order to provide complete dissolution, the solid trans-RHA
and trans-RHA-GIc standards (5.0 mg) were dissolved in 5.0 mL of
methanol/water (50%, v:v), respectively. The solutions were stored
at 4°C. The stock solutions were diluted to certain concentration
with methanol/water mixture, and then they were UV irradi-
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ated using a WFH-203 Tripurpose ultraviolet analyzer (Dark-box
Triusage Ultraviolet Analysis Instrument) with UV lamp at 365 nm
and 254 nm, respectively. After 0, 10, 30, 60, 90, 120, 150, 240 and
300 min, the samples were taken out and kept in dark at 4 °C until
the measurement. During all subsequent steps, the samples were
kept in the dark to prevent UV-isomerization of trans-isomers by
ambient light.

2.3. Analytical method

The results of the UV-isomerization of the vinyl double bond in
RHA and RHA-GIc were investigated by combination of CE-DAD,
UV-vis spectroscopy and NMR method.

The instrument used for the CE-DAD analyses was a P/ACE 5510
system (Beckman, Fullerton, CA) with a diode array UV detector
(190-300 nm). Data collection and analyses were performed by
using P/ACE System Gold software (version 4.01) for Beckman.
The separation was carried out on a 37 cm length (30cm to the
detector) x 75 wm LD. fused-silica capillary (Handan Xinnuo Fiber
Chromatogram Co., Ltd. Handan, China). The capillary was mounted
on a cartridge and thermostated at 25°C. The capillary was con-
ditioned prior to its first use by flushing with 0.1 M NaOH for
5 min (P=25 psi), then with water for 15 min (P= 25 psi), and finally
with buffer solution for 10 min (P=25 psi). Each day the capillary
was flushed successively with NaOH (5 min, 25 psi), water (1 min,
25 psi), and then with buffer solution (3 min, 25 psi). Between each
run, it was treated with water (1 min, 25 psi) and buffer solution
(2 min, 25 psi). All solutions were filtered through a 0.45 pm micro-
filter before use. The sample solution was injected into the capillary
by pressure of 0.5 psi for 5.

UV-vis absorption spectra were recorded using a TU-1901 dou-
ble beam ultraviolet-visible spectrophotometer (Beijing, China) at
room temperature, with a 1 cm path length quartz cell. The UV-vis
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Fig. 3. (A) Isomerization curves upon irradiation of 100 wM trans-rhapontigenin (RHA) standard solution by UV lamp at 254 nm; (B) isomerization curves upon irradiation
of 100 wM trans-rhaponticin (RHA-GIc) standard solution by UV lamp at 254 nm; (C) isomerization curves upon irradiation of 100 wM trans-rhapontigenin standard solution
by UV lamp at 365 nm and (D) isomerization curves upon irradiation of 100 wM trans-rhaponticin standard solution by UV lamp at 365 nm.
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Fig. 4. Trans-RHA and trans-RHA-Glc conversion to corresponding cis-RHA and cis-RHA-Glc, change in concentration as a function of duration of UV lamp at 254 nm and

365 nm. (A) 254 nm RHA; (B) 254 nm RHA-GlIc; (C) 365 nm RHA and

spectra data were applied for determination of molar absorptivity
(&) values of studied compounds.

For further structure elucidation, we performed 'Hand 13C NMR
spectroscopy of trans-RHA and trans-RHA-GIc before and after irra-
diation using a Bruker ARX 400 (400 MHz) spectrometer. Chemical
shifts (&) are given in ppm downfield from tetramethylsilane (TMS)
as an internal standard.

2.4. Calibration

For the trans-isomers the calibration curves were drawn from 7
standard solutions prepared by diluting a stock solution of 100 uM
trans-RHA and trans-RHA-Glc in methanol water mixture (50%, v:v),
respectively. Calibration curves for trans- RHA and RHA-Glc were
constructed separately by plotting peak areas (y-axis) versus con-
centrations (x-axis) of the seven standards.

For the calibration of the cis-isomers, decreased levels of inten-
sity for the trans-isomer peaks were proportional to the area of the
new peaks corresponding to the cis-isomer. Since no other peaks
were detected under these conditions, the concentrations of cis-
isomers were assigned on the basis of the decrease observed for
trans-isomers.

3. Results and discussion

3.1. UV-induced isomerization revealed via $-CD modified
CZE-DAD

3.1.1. Separation conditions optimization

In this section, the influence of buffer concentration, pH, CD con-
centration and organic modifier on the separation was optimized to
achieve the best separation between the peaks of all isomers with

D) 365 nm RHA-Glc.

the highest sensitivity and the shortest analysis time. In preliminary
studies, a sodium tetraborate buffer was chosen as the background
electrolyte and the concentration was investigated in the range of
10-40 mM. With increasing sodium tetraborate concentration, res-
olutions and migration times increased for all derivatives and the
peak shape become poor. In order to obtain high sensitivity and
keep good peak shape, a buffer of 36 mM sodium tetraborate was
selected for all further experiments. The running buffer pH was
noted to affect the separation efficiency and signal intensities of
the isomers. The pH of running buffer was then examined from 9.0
to 9.7. As a compromise of resolution and signal intensity, pH 9.3
was chosen in subsequent experiments. However, overlapping of
cis-, trans-isomer peaks was observed. As both of them exhibit sim-
ilar molecular weights and charges, they are difficult to separate in
normal CZE mode.

Under normal CZE conditions, these isomers cannot be sep-
arated completely, so efforts were shifted towards the use of
modifiers. The addition of organic solvents to the buffer can
improve the selectivity, efficiency and resolution of CE as they
modified the partition coefficient, decreased viscosity, lowered the
zeta potential of the capillary wall and increased selectivity [42].
Thus while separation times were longer due to the decreased
electroosmosis, the resolution was greater. In our study, we inves-
tigated the effect of various organic solvents, including methanol,
ethanol, acetonitril and their concentration from 5 to 30%. The
experimental results showed only methanol can improve the res-
olution. With increasing methanol concentration, the separation
efficiency improved, also, the analysis time increased due to the
decreasing of the electroosmotic flow. Finally, 10% methanol was
the best choice for the separation of the four cis-, trans-isomers as a
compromise consideration between resolution and migration time.
However, the analytes still could not be well separated.
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Fig. 5. (A) The change of electrophoresis signal of trans-RHA after irradiation of
different time. (B) The change of electrophoresis signal of trans-RHA-Glc after irra-
diation of different time.

It has been demonstrated that complexation can considerably
increase the solubility, stability and bioavailability of the guest
molecule [43-45]. Furthermore, Lucas-Abellan et al. [45] reported
that the size of the hydrophobic cavity of 3-CDs permits stronger
interactions with RES, while the hydrophobic cavity of a- and y-
CDs, is too small and too large, respectively, thus reducing their
interaction with RES. So 3-CD as another modifier was introduced
in the subsequent experiments and the effect of concentration
in the range of 0.5-5mM on the separation was studied. The
results showed that the resolution between cis and trans isomers
improved with the increase in 3-CD from 0.5mM up to 1mM,
higher concentration (above 1 mM) was not beneficial to the sepa-
ration of isomers. Considering the above two aspects, 1 mM 3-CD
was chosen in the subsequent experiments. According to the fac-
tors mentioned, the best separation was obtained with running
buffer containing 30 mM sodium tetraborate, 1 mM [3-CD and 10%
methanol at pH 9.0 and an applied voltage of 20kV. Under the
optimized conditions, baseline separation of all four stilbenes was
obtained (Fig. 2) within 3 min. It serves to illustrate the potential of
CE to determine several stilbene forms.

3.1.2. Identification of peaks

These peaks identified by the following criteria: (a) the migra-
tion times were identical to the pure standard. And (b) the peak
purity was confirmed by diode array analysis of the spectrum. The
sample, which includes 100 wM trans-RHA, 100 wM trans- RHA-Glc
was kept in the dark till measurement, only two single peaks were
detected, which migrated at 2.82 min and 2.85 min as peak 1 and
2, respectively. They were identified as trans-RHA-Glc and trans-
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Fig. 6. Absorbance spectrums of 25 uM methanol/water solution of trans-RHA (A)
and trans-RHA-Glc (B) exposed to UV lamp at 365 nm for different times (the refer-
ence was methanol/water (50%, v:v); [=1cm).

RHA (0 min, Fig. 2). After 30 min of UV irradiation at 365 nm the
other two peaks appeared in the electropherogram, migrating at
2.88 min and 2.94 min as peak 3 and 4 (30 min, Fig. 2). Peak 3 was
identified at cis-RHA-Glc. Peak 4 was identified as the cis-RHA. The
identity of these compounds was further assessed by 'H and 13C
NMR spectroscopy. Comparisons of the cis-RHA-Glc and cis-RHA
NMR spectra were consistent with the reported data (details refer
to Section 3.3).

Their effective mobilities were calculated according migration
time, applied voltage, capillary total length and effective length.
The effective mobilities of trans-RHA-Glc and trans-RHA were
19.75 and 19.54 cm2/kV min, the effective mobilities of cis-RHA-
Glc and cis-RHA were 19.27 and 18.94 cm?/kV min, respectively.
The effective mobilities indicated a noticeable difference in the
hydrophobicities of these four compounds. The proximity of
the two phenyl rings in cis-isomers could strengthen the weak
hydrophobic interactions of cis-isomers with the 3-CD. In the sam-
plesirradiated for 60 min and 150 min the height of these two latter
peaks (cis-isomers) grew significantly showing a correlation with
the decrease of two earlier migrating peaks (trans-isomers). The
results showed that cis-isomer molecule is the only product origi-
nating from the UV-induced isomerization reaction while no other
unknown peaks were detected (60, 150 min; Fig. 2).

3.1.3. Analytical calibration

The method validation including linearity, detection limits and
precision was carried out using standard solutions under the opti-
mized separation conditions. Figures of merit are summarized in
Table 1. The linear relationship between the peak area and the
concentration of analytes was obtained by using the correspond-
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with time of 5 h in acetone-dg; (C) *C NMR (100 MHz) spectrum of initial trans-RHA before irradiation and (D) '>*C NMR (100 MHz) spectrum of the mixture of trans- and

cis-RHA produced by irradiation (A =365 nm) with time of 5 h in acetone-ds.

ing peak area (y) of the analytes versus their concentration (c).
The results indicated that excellent linear relationship is attainable
over the concentration range studied with satisfactory correlation
coefficients. The detection limits, calculated for an S/N of 3, were
also listed in Table 1, indicating high sensitivity. The precision of
the method, including intra-day and inter-day relative standard
deviations (RSD) was also listed in Table 1. The intra-day relative
standard deviations of peak area were 1.4% and 1.2% at 230 nm for
trans-isomers, and 1.7% and 1.5% at 230 nm for cis-isomers, indicat-
ing very high reproducibility. The limits of detection for trans-RHA
and RHA-Glc were 0.125 and 0.116 M at 230 nm, respectively.
The limits of detection for cis-RHA and RHA-Glc were 0.142 and
0.134 M at 230 nm, respectively.

3.1.4. Effect of irradiation time and wavelength

The effect of the irradiation time on the isomerization of trans-
RHA and trans-RHA-GIc is shown in Fig. 3: in the first 25 min, the
rate of isomerization from trans to cis was very fast. Then the
responding signal of these peaks almost reached their maximum
in the irradiated sample as the signals did not change significantly
after 2 h, and the rate of equilibrium was different for RHA and
RHA-GIc with different UV wavelength, the calculation of the rate
constant was presented in Section 3.1.5 at the 365 nm wavelength,
the conversion rate was obviously faster than the rate at 254 nm
wavelength for both RHA and RHA-GIc (Fig. 4). From Fig. 4 we can
also find that even prolonged irradiation time at both 254 nm and
365 nm, no other by-products appeared in the process of isomer-

Table 1
Calibration curves and performance characteristics of CE-DAD system.
Peak no. Analyte Regression equation Correlation coefficient Linearity (wM) RSD (%, n=5) LOD (M)
Slope Intercept Intra-day Inter-day
MT PA MT PA
1 Trans-RHA-Glc 3.17 x 107 3.16x 10° 0.9994 3-336 0.35 1.21 0.45 1.33 0.116
2 Trans-RHA 2.16 x 107 2.77 x 104 0.9985 3-356 0.81 141 1.2 1.68 0.125
3 Cis-RHA-Glc 6.41 x 107 7.48 x 10* 0.9986 1-100 0.23 1.53 0.25 1.76 0.134
4 Cis-RHA 3.47 x 107 9.80 x 10* 0.9932 1-100 0.67 1.72 0.7 1.85 0.142
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of trans- and cis-RHA-Glc produced by irradiation (A =365 nm) with time of 5 h in DMSO-dg.

ization and 100% of the peak areas accounted for all of the initial
trans-isomer, the trans-reactant converted to cis-product in propor-
tion. On the other hand, Trela and Waterhouse [17] reported that
the isomerization yield of RES was highly variable, and depended
on the UV wavelength (10% versus 90% after 1 h irradiation at 254
and 366 nm, respectively). We can observe that equilibrium was
achieved with a larger final conversion ratio at 365 nm (Fig. 4C and
D) than at 254 nm (Fig. 4A and B) for both trans-RHA and trans-RHA-
Glc. The results were consistent with the phenomena reported in
the literature [17]. The data confirmed that the effect of 365 nm UV
light was greater than that of 254 nm UV light on the isomerization
rate and conversion ratio.

The use of natural UV from sunlight for isomerization is probably
less efficient than exposure to an UV lamp and the exact equilibrium
rate of cis-, trans-isomer mixture may depend on the specific spec-
trum of light reaching the sample. In the experiment where 10 min
to 5h of UV irradiation was applied, no any other by-product was
detected which was further confirmed in the next UV-vis and NMR
assay.

3.1.5. Calculation of reaction rate
The cis-trans isomerization of trans-RHA after irradiation of UV
light can be described as follow equation:

trans-RHA—> cis-RHA (1)

The rate of this reaction is directly proportional to the con-
centration of trans-RHA. If ¢; is the concentration of the reactant
trans-RHA at any time t, the rate of disappearance of trans-RHA can
be expressed mathematically as

= ket (2)

where k is proportionality constant called the specific reaction rate
constant for the first order rate equation.
Calculating indefinite integral

Act = Acmax(1 - eikt) (3)

Here, Act, Acmax were the varied concentrations of trans-RHA at
time t and t — oo (means reaction reach equilibrium). Besides, with
the increase of Ac, the signal response of trans-RHA in electro-
pherogram was increased. Ac is proportional to AA, so we get the
following equation:

AAr = AAmax(1 — e™*) (4)

Here, AA; and AAmax were the variations of signal response of
trans-RHA in electropherogram at time t and t — oo, respectively.
AAmax and k could be obtained by fitting the experimental data
according to Eq. (4), the result shown in Fig. 5(A) and (B). It can
be seen the fitting results fitted very well with the experimental
data. And the AAmax was 61.5, the reaction rate constant k was
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0.0397 min—!. Use the same method, we calculated the AAmax for
trans-RHA-Glc was 62.2, and the reaction rate constant k for trans-
RHA-GIc was 0.0498 min~!.

3.2. UV-induced isomerization revealed via UV-vis spectroscopy

In order to investigate the photoconversion process, we also
measured the UV-vis spectra of trans isomers before and after
exposure to UV-light. The UV-vis spectra properly represented the
process of the UV-induced isomerization, and compared the phe-
nomenon with that observed in CE system to validate the feasibility
of CE-DAD system for the study of cis-trans isomerization. The test
solution containing 25 M of pure trans-isomer was sealed in a
quartz tube and irradiated for different times (0, 10, 60, 120 and
240min) at 365 nm selected from a UV lamp. Fig. 6 shows the
UV-vis spectra of trans-RHA and trans-RHA-Glc, measured after
different exposure times. After a 2 h exposure to light, the absorp-
tion of the RHA solution at 325 nm decreased by more than 60%. In
addition, as shown in Fig. 6A, there was a clearly visible shift in the
maximum absorption wavelength from 325 to 288 nm, together
with an increase in the absorbance at 260 nm. As noted obviously,
286 nm should be reported as the maximum absorption wave-
length of cis-RHA. Similar UV spectra for RHA-GIc were found with
the absorption at 325 nm decreased by more than 64%, and similar
blue shift was observed from 325 to 288 nm (Fig. 6B). The molar
absorptivity was 36824Lmol~! cm~! at Amax 324.5 nm for trans-
RHA and 43894 L mol~! cm~1! at Amax 325 nm for trans-RHA-Glc.

3.3. Structure identification of the isomerization compound via
NMR spectroscopy

To establish the UV light induced alteration of the proton chemi-
cal shiftsin the molecule of the cis-trans isomerization of the double
bond, further '"H NMR spectra in deuterated reagents throughout
the UV light irradiation have been acquired and cis/trans equilib-
rium has been determined as a function of irradiation time.

10mg trans-RHA and 10 mg trans-RHA-Glc were dissolved in
0.5 mL of acetone-dg and DMSO-dg in 5mm NMR tubes, respec-
tively. Both samples were irradiated with a 365 nm UV lamp for 5 h,
respectively. After irradiation, each mixture was then taken NMR
measurements directly.

TH and 13C NMR spectra of both samples showed doubling of
all resonance signals and the existence of a mixture of isomeric
forms (cis and trans forms) of RHA (Fig. 7) and RHA-GIc (Fig. 8) in
agreement with the CE-DAD method. The stereochemical features
of the two stilbenes and the distinguish of the olefinic proton signals
of the two isomeric forms have been established by means of the
proton spin-spin coupling constants extracted by analysis of the
TH NMR spectra.

The protons signals of the CH=CH group and those of the aro-
matic ring in the cis form were shifted upfield due to the difference
in molecular conformation of the trans form and higher shielding.
The chemical shifts of the «- and S-protons are more sensitive
to the conformational transformations of the double bond when
compared to the aromatic protons. These NMR data implied the
occurrence of a stronger steric interaction in cis-isomers than in
trans-isomers. In the 'H NMR spectrum of trans-RHA-GIc, two
olefinic proton signals appeared at 6 6.84 (1H, d, J=16.0 Hz, H-«),
6.99(1H,d,J=16.0 Hz, H- 8), whose coupling constant suggested the
presence of a trans-olefinic group, while for the corresponding cis-
RHA-Glc, a pair of comparatively high field doublets (§ 6.32, 6.42)
with coupling constant of 12.0 Hz was recorded. Similarly, in the TH
NMR spectrum of trans-RHA, the olefinic proton signals appeared
at § 6.89 (1H, d, J=16.4Hz, H-), and 6.99 (1H, d, J=16.4Hz, H-p),
while in the cis-RHA, both the olefinic protons were shifted upfield

(8 6.32, 6.42) with coupling constant of 12.0 Hz. Spectral data of
both cis-, trans-isomers of RHA and RHA-GIc obtained are in agree-
ment with those previously reported [46-48]. The detailed 'H and
13C NMR spectra data of cis-, trans-RHA and RHA-Glc are presented
in the Supplementary data.

4. Conclusions

A new, rapid and sensitive CE method investigating the kinetics
of UV-induced cis-trans isomerization of RHA and RHA-GlIc iso-
mers under UV irradiation with different wavelength and exposure
time was developed. The quantitative analysis of the UV-induced
cis—-trans isomerization of the four stilbene compounds was eas-
ily achieved with high accuracy and efficiency. The reaction rate
constants were calculated for both RHA and RHA-GIlc. Further-
more, the process of the UV-induced isomerization was studied
using UV-vis spectrum, and the result was consistent with that
of the CE system. They both showed that the trans-reactant con-
verted into cis-product in proportion with no other by-product.
This work illustrates the potential application of CE for the study of
kinetics of UV-induced isomerization of other photosensitive com-
pounds. Compared to traditional methods for the study of kinetics,
the proposed system combined the superiorities of CE and UV-vis
spectroscopy and made the kinetic study more simple, fast and
accurate.

The method has potential for use in the identification of in
vitro and in vivo samples which contain these photosensitive
compounds. It will permit new investigation into the biological
activities of these antioxidants at different ambiguous light envi-
ronment. Finally, knowledge of the photochemistry behavior of
trans-RHA and RHA-GIc at different irradiation conditions is of great
importance for the pharmaceutical industry because of the grow-
ing interest in developing medicines or healthy food enriched with
these natural antioxidants.
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