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Abstract

A simple micellar electrokinetic chromatography (MEKC) with UV detection was developed
for the simultaneous determination of indole-3-carbinol, indole-3-acetonitrile, indole-3-
acetic acid and 3,3’-diindolylmethane. These compounds are potentially used in cancer
prevention. Investigation of solvent effects (methanol and dimethylformamide) to MEKC
analysis was carried out. A dilute and shoot strategy was used for sample preparation to
reduce the time required for multiple steps such as solvent evaporation. The final conditions
were electrokinetic injection for 3.0 s at 423 V cm?, 20.0 mM borate buffer (pH 9.00),
containing 20.0 mM SDS. Analysis was rapid, achieved in less than 4.5 min. Linear calibration
curves for the indole compounds in the range 5-200 pug mL™ (r*> 0.999) were obtained.
Intra- and inter- day precisions were 5.1-7.9 %RSD, with LOQs of 1.5-4.0 pg mL™ and

recoveries of 90-110% (n=5).

Keywords: indole compounds, micellar electrokinetic chromatography, dietary supplement,

dilute and shoot
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Analytical Methods

1. Introduction

Indole compounds are one of the major components of Brassica vegetables, e.g. broccoli,
cauliflower, cabbage and Brussels sprouts.'® These natural indole compounds such as
indole-3-carbinol (13C), indole-3-acetonitrile (I3A), indole-3-acetic acid(IAA) and 3,3’-
diindolylmethane (DIM) are of interest as promising preventive agents for cancers, such as
breast, prostate and colon.* > As reported by Rogan, I13C is a hydrolysis product of
glucobrassicin and is metabolized to a variety of I3C compounds, including I13A and DIM
through the myrosinase enzyme activity.® The National Research Council Committee on
Diet, Nutrition, and Cancer has noted the decreasing incidence of cancer with increasing
consumption of Brassica vegetables.” Significant amount of indole in Brassica has been
extracted to manufacture dietary supplement products.® ° These products are available in
health food stores, pharmacies and on-line shopping websites in many countries, especially
USA and Europe.'® Under the FDA guideline for labeling of dietary supplement product, the
amount of ingredient/nutrition can be claimed with no conventional/standard method for
analysis.'* Analysis of indole compounds (from vegetables) have been reported using
spectrophotometry,’? gas chromatography (GC),”* ** and high-performance liquid

1518 However tedious sample preparation steps, such as extraction

chromatography (HPLC).
and evaporation were required prior to HPLC analysis.> GC analysis required derivatization
of the indoles which was not convenient if rapid results are required.™ Thus, development
of a simple, rapid and reliable analytical method for the determination of 13C, DIM and

related indole compounds in dietary supplements for quality control is needed, especially

when there are a large number of samples for analysis.!” Micellar electrokinetic
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chromatography (MEKC) is a simple technique for separation of neutral compounds such as
these indole compounds.’® MEKC has been applied to the determination of some indole
compounds in plants, broccoli and plant tissues with multi-step sample-pretreatment, such
as liquid-liquid extraction and solid-phase extraction prior to the chromatography.® ¥ %
Dilute and shoot method is promising to incorporate into sample preparation since there is
only a simple dilution of the aliquot of sample before direct measurement of the

compounds.?? %2

Simple dilute and shoot for MEKC analysis of these indole compounds in
dietary supplements has not yet reported in the literature. This work is a rapid analysis of

four indole compounds found in dietary supplements products by MEKC, with a dilute and

shoot step for sample pretreatment (see Fig. 1).

2. Experimental

2.1 Chemicals and reagents

All indole standards were purchased from Sigma-Aldrich (St. Louis, MO, USA). Sodium
dodecylsulfate (SDS) was from Merck (Darmstadt, Germany). Analytical grade
dimethylformamide (DMF) and methanol was purchased from RCl Labscan (Bangkok,
Thailand). All solutions were prepared and diluted to the desired concentrations using
ultrapure water (18.0 MQ cm™) from Easypure Il system (Barnstead International, lowa,

USA).

2.2 Preparation of solutions

Page 4 of 25
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The MEKC running buffer consisted of borate buffer (20.0 mM, pH 9.00) with SDS (20.0
mM). Borate buffer was prepared from boric acid and adjusted to pH 9.00 with 1 M NaOH
solution. Stock standard solutions of 13C, I3A, IAA and DIM (10 mg mL™) were prepared by
accurately weighing 100 mg and dissolving with 1.00 mL DMF and making up to volume with
borate buffer in a 10.00-mL volumetric flask. The standard solutions were kept in a
refrigerator at 4 °C until needed. It can be stored with stability up to 3 months. Working
standards (500 pg mL™) were prepared daily by dilution of stock standard with borate buffer
solution. A calibration curve was constructed with concentrations of 5, 10, 25, 50, 100, and

200 pg mL™, respectively, for each indole standard.

2.3 Instrumentation

The capillary electrophoresis system was assembled in-house. It consisted of a UV detector
(Applied Biosystem, 785A UV detector, CA, USA), a high voltage (HV) power supply
(Spellman CZE1000R, Hauppauge, USA) and a tray for the samples and buffer vials. The
instrument was housed in a Plexiglas box with a micro switch to shutdown the high voltage
power supply whenever the door of the box was opened. The absorbance signal was
recorded by a data acquisition system from eDAQ (Denistone East, NSW, Australia).
Measurement of electrophoretic current across the capillary column was recorded with the
same eDAQ system. A fused-silica capillary (50 um i.d., 360 um o.d.) was from Polymicro
Technologies (Phoenix, AZ, USA). The total length of the capillary was 59.0 cm, with an
effective length of 38.0 cm from injection end to detector. The capillary column was
conditioned before use by rinsing with a series of NaOH solution (0.1 M), ultra-pure water

and borate buffer, using a spring loaded syringe (Unimicro Technologies, CA, USA).
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Electrokinetic injection for 3.0 s at 25 kV was used for sample introduction and detection

was at 280 nm.

2.4 Sample preparation

Samples of commercial dietary supplement were purchased from different suppliers (USA).
Three capsules were selected from each product and ground on a mortar and pestle. The
powder was then accurately weighed (30 mg) and dissolved in 5.00 mL DMF. The solution
was mixed thoroughly on a vortex mixer and sonicated for 5 min. The sample aliquot was
then filtered through a filter disk (0.45 um cellulose acetate) and then diluted with borate
buffer solution (dilution factor of 1:20 for Samples A, C, D and 1:40 for Samples B and E).

Three sample aliquots were analyzed for each dietary supplement samples.

2.5 Method validation

Validation parameters, such as linearity, range, intra-day and inter-day precision, and
accuracy were investigated, following the FDA Guideline.?® Limit of detection (LOD) and
quantification (LOQ) followed the ICH Guideline.”® Mixture of 13C, 13A, IAA and DIM
standards at concentrations of 5, 10, 25, 50, 100, and 200 pug mL'l, respectively, were
prepared to construct calibration curves. Each concentration was injected five times.
Precision (intra-, inter-day) of the method were determined using three aliquots at
concentrations of 25, 100, and 200 pg mLof the standard mixtures, respectively, with five
replicate injections. The limit of detection (LOD) and limit of quantification (LOQ) were

calculated from the standard deviation (o) of intercept and slope (s) of the calibration curve,
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with LOD = 3.30/sand LOQ = 100/s. The percentage sample recovery was calculated

$1-S,

from %Recovery = X 100, where S, is peak area of pure standard solution, S;is peak

0

area of spiked sample, S,is peak area of non-spiked sample. The concentration of each

standard indole compounds was 100 ug mL™.

3. Results and discussion

3.1 Investigation of MEKC conditions

MEKC is an effective method for separation of neutral compounds in CE. MEKC is carried out
by addition of SDS, at concentration above its critical micelle concentration (CMC), into the
borate running buffer, resulting in dynamic partitioning of the analyte in the micellar
pseudostationary phase.”® Standard solutions of mixture of 13C, 13A, IAA and DIM were used
to investigate MEKC conditions, using efficiency, resolution and analysis time as target

parameters to select the final conditions.

3.1.1 Effect of buffer concentration

Fig. 2A shows electropherograms of a standard solution of indole compounds with various
concentrations (20.0, 40.0 and 60.0 mM) of the borate buffer (pH 9.00), containing 20.0 mM
SDS. Increasing the borate buffer concentration from 20.0 mM to 40.0 mM leads to a
significant reduction in the signal for DIM but with no change in the resolution of the indole

compounds. DIM has higher molecular weight, and thus larger in size when compared to the



©CoO~NOUTA,WNPE

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

Analytical Methods

other indoles (see Fig. 1). It has a lower electrophoretic mobility when compared to 13C, I3A
and IAA. In addition DIM is less polar, and leads to better hydrophobic interaction with SDS
micelle. Therefore DIM signal was more affected than the other indole compounds. The 60.0
mM borate buffer gave high electrophoretic current (~50 pA), leading to loss of separation
of indole compounds (bottom electropherogram, Fig. 2A). Therefore 20.0 mM borate buffer
was selected as the background electrolyte because high separation efficiency was

obtained.

3.1.2 Effect of buffer pH

Fig. 2B shows the effect of pH (8.00, 8.50, 9.00 and 9.50) on the migration times of the four
indole compounds. At pH 8.00, the peaks for I3A and IAA were not baseline separated (top
electropherogram, Fig. 2B). Generally in CE, the lower the pH the smaller the EOF velocity
but this is not the case in MEKC.?® There were only small changes in the migration times of
the indole compounds with pH, but there were significant effects on the peak widths, with
DIM being most affected (see Fig. 2B, pH 8.00 and pH 8.50). This was due to the fact that
indole compounds (I3C, 13A) are neutral and not affected in MEKC by the change of pH of
the running buffers.?® 3! |AA is a weak acid with pK, of 4.75,%° and is thus fully ionized at the
pH range of the buffer (8.00 — 9.50). In the case of DIM, it strongly interacts with SDS micelle
due to its hydrophobicity. The buffer at pH 9.00 provided the best peak resolutions (R, =

2.08 for I3A peak and IAA peak) and the greatest peak intensities.

3.1.3 Effect of SDS concentration

Page 8 of 25
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Fig. 2C shows the effect of SDS concentrations (0, 20.0, 40.0 and 60.0 mM) on the
electropherograms. The concentrations are all above the CMC of SDS. As shown in Fig. 2C,
the neutral indole compounds are, as expected, not separated without addition of SDS.
However the SDS concentration greatly affected separation efficiency and peak

intensities.”” %

A higher number of micelles results from a higher SDS concentration and
suitable SDS concentration should be tested for optimal separation.?® SDS concentration at
20.0 mM was selected as the optimal concentration in the borate running buffer because of
its separation efficiency (Fig. 2C, 20.0 mM). In this study addition of individual indole
standard to the sample solution was used to identify the peaks. Stable EOF was checked by
monitoring electrical current before investigation of SDS concentration effect. Lower
resolution between I3A and IAA was observed when using 40.0 mM SDS while DIM peak

broadening was found when using 40.0 mM and 60.0 mM SDS (see Fig. 2C). This was due to

high concentration of SDS leading to larger retention of analytes in the micelles.”®

3.1.4 Effect of injection time

Sample introduction for our in-house CE system was by electrokinetic injection. A constant
field strength of 423 V cm™ was applied with varying injection times of 1.5s,3.0's, 5.0 s and
10.0 s, respectively, measured using a digital timer (TA228, Shenzhen Liweihui Technology
Co., Ltd.) with precision of 100 ms. A standard solution (100 ug mL™" of the 4 indoles) was
used. As expected, the longer the injection time the higher was the peak width at half
maximum height: the peak widths were in the range of 2.3+0.1 s, 2.940.1 s, 5.31#0.2 s and
10.740.7 s, for injection times of 1.5 s, 3.0 s, 5.0 s and 10.0 s, respectively. The shortest

injection time (1.5 s) gave precision of the peak area of 7.8 %RSD. Injection times of 3.0 s
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and 5.0 s had comparable precisions of 2.7% and 3.1 %RSD, respectively. However at a
longer injection time (10.0 s), the %RSD increased to 6.4%. Injection time of 3.0 s was

selected as the operating condition.
3.1.5 Precision of EOF velocity

The electroosmotic flow velocity was monitored to evaluate the stability of MEKC system.
The final MEKC conditions were; 20.0 mM borate buffer (pH 9.00) containing 20.0 mM SDS,
electrokinetic injection of 3.0 s at 423 V cm™. The EOF velocity was obtained from
measurement of the time required to completely replace the capillary buffer at a lower

concentration (20.0 mM) with one at a higher concentration (40.0 mM) (or vice versa), by

- . . L
monitoring the electrical current.”® EOF velocity, Veos Was calculated from v, r = t—d; where
m

L, is the effective length of capillary column (38.0 cm), and t,, is the measured migration
time. Inter-day precision was calculated from five replicates at five different days using the
same operating conditions. The EOF velocity was 7.68+0.26 cm min™ (3.4 %RSD) showing the
high degree of stability of the MEKC system. The EOF was stable up to 15 consecutive
injections (~1.2 hrs), before next rinsing required for capillary conditioning. Fig. 3A shows high
peak resolution of the electropherogram of 13C, I3A, IAA and DIM, at concentration of 100 ug

mL™.
3.2 Method validation

The validation data of the proposed method are shown in Table 1. Calibration curves were

linear over the concentration range of 5-200 ug mL? for 13C, 13A, IAA and DIM, with >

10
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0.999 for all indole compounds. The limit of detection (LOD) was 0.5-1.3 pg mL™, with limit
of quantification (LOQs) of 1.5-4.0 pg mL™. Accuracy of the determination was evaluated
from percentage recovery of sample. Mixture of 13C and DIM standards solution (100 pg mL

! each) was added into the sample aliquot (n=3) before MEKC analysis. Percentage recovery

(%Recoveryzsls;szx 100) was calculated, where S, is peak area of pure standard
0

solution, Syis peak area of spiked sample, S,is peak area of non-spiked sample. The
recovery data of the I13C and DIM compounds ranged from 90-110% for the five samples
(Table 1), with %RSD range 4-11% (n=3). The intra-day and inter-day precisions were 2.0-
5.2 %RSD and 2.2-7.9 %RSD, respectively (Table 2). The %RSD values were within the

acceptable limit of < 15 %RSD.?
3.3 Effect of solvent on MEKC analysis

Dissolving of indoles dietary supplement can be carried out using an organic solvent before
diluting with buffer medium. This study investigated effect of methanol and DMF as
dissolution solvent on MEKC analysis when applying dilute and shoot stragegy.> *° A series
of standard mixture solutions (50 to 200 ug mL™) of all four indole compounds were used to
investigate effect of dilution with different percentage of methanol and DMF present, as
presented in Fig. 4A and Fig. 4B, respectively. Percentage of each solvent in the borate
buffer was varied from 1% to 20% (%v/v). The slope (sensitivity) for each percentage of
solvent was determined and normalized against 0.05% DMF to compare the effect of
different amounts of solvent (1% to 20% methanol (Fig. 4A) and 1% to 20% DMF (Fig.4B)).
Significant changes in the slopes were observed when the percent of solvent was above 5%,

especially for methanol. Fig. 4A shows that methanol affected the sensitivity of indoles

11
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especially IAA and DIM, whereas DMF solvent gave smaller variation as seen in Fig. 4B. For
1% to 5% DMF the change in slopes of 13C, I3A, IAA and DIM were not significantly different
(£8%). Changes were higher when DMF of 10% and 20% were used. Therefore 5% DMF was

selected for dilution of the dietary supplement sample.

3.4 Dilute and shoot with MEKC analysis of dietary supplement products

Theindole contents of five dietary supplements were determined using the developed MEKC
method. The indoles dietary supplements were commercially available and labeled as
containing 13C, DIM and related indole compounds. It should be noted that the sample,
dissolved in DMF, was diluted with borate buffer and directly injected without prior
evaporation of the solvent (dilute and shoot step). Electrophoretograms of a mixture of the
four indole standards and two representative samples are shown in Figs. 3A, 3B, and 3C,
respectively. Table 3 lists the measured amount of indole related compounds, in mg per
capsule of dietary supplement products; for samples A, B, C, D and E, %RSD of the weight of
the sample powder per capsule was in range of 2-6% for all products. Typically the label
amount of indole dietary supplement is given as the sum of the contents of 13C, DIM and
related indole compounds. The sums of all the measured indole compounds were compared
with the label values and were comparable with the label amounts for all samples;

percentage difference was lower than 9%.

4. Conclusions

12
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A MEKC method for analysis of indole compounds (I13C, I3A, IAA and DIM) was developed,
using an in-house capillary electrophoresis system with UV detection. Determination of
dietary indole supplement products were applied with dilute and shoot method. This was a
fast and easy sample preparation step prior to MEKC analysis. MEKC conditions were
investigated in terms of buffer concentration and pH, SDS concentration and injection time.
This is the first report of simultaneous analysis of four indole compounds by a simple MEKC
method. The MEKC analysis was much faster (less than 5 min) than previous
chromatographic methods which required an hour of analysis time.** ** Our MEKC method
also provides advantages in terms of wider dynamic range, comparable precision with
HPLC/GC analysis, consumption of smaller volume of reagent (nL to uL), with very simple
method for sample pretreatment (dilute and shoot procedure). This MEKC method is not
only a method for monitoring the quality of indole containing dietary supplements, but it
may be applicable for determination of indoles in other types of samples, such as

cruciferous vegetables, urine or blood, for which a pre-concentration step may be required.

Acknowledgements

This work was supported by Faculty of Science, Center of Excellence for Innovation in
Chemistry (PERCH-CIC) and Talent Management Program, Mahidol University. AP thanks
Faculty of Graduate Studies, Mahidol University, for the Research Assistantship Scholarship
and King Rama VIl and Queen Memorial Foundation for partial financial assistance. We

thank Firstlabs (Flow Innovation-Research for Science and Technology Laboratories) at

13



©CoO~NOUTA,WNPE

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

Analytical Methods Page 14 of 25

Mahidol University for kind support. We also thank Dr. J. Emory for editing and commenting

on the manuscript.

References

1. B. B. Aggarwal and H. Ichikawa, Cell Cycle, 2005, 4, 1201-1215.

2. E. Ciska and J. Honke, J. Agric. Food. Chem. , 2012, 60, 3645-3649.

3. S. Michaelsen, P. Mgller and H. Sgrensen, J. Chromatogr. A, 1992, 608, 363—374.

4, J.-R. Weng, C.-H. Tsai, S. K. Kulp and C.-S. Chen, Cancer Letters, 2008, 262, 153—163.

5. Y. S. Kim and J. A. Milner, J. Nutr Biochem., 2005, 16, 65—73.

6. E. G. Rogan, In Vivo, 2006, 20, 221-228.

7. A. Ahmad, W. A. Sakr and K. W. Rahman, Cancers, 2011, 3, 2955.

8. E. Ciska, R. Verkerk and J. Honke, J. Agric. Food. Chem. , 2009, 57, 2334—2338.

9. T. Barden, in Heterocyclic Scaffolds Il:, ed. G. W. Gribble, Springer Berlin Heidelberg,
2010, vol. 26, ch. 48, pp. 31-46.

10. N. T. P. (U.S.), National Toxicology Program, U.S. Dept. of Health and Human
Services, Public Health Service, National Institutes of Health. , 2014, 1-108.

11. FDA, Guidance for |Industry: A Dietary Supplement Labeling Guide,
http://www.fda.gov/food/guidanceregulation/guidancedocumentsregulatoryinform
ation/dietarysupplements/ucm2006823.htm).

12. E. Garcia-Florenciano, A. Ros Barceld, F. Sabater and R. Mufioz, Anal. Biochem. ,

1989, 183, 172-176.

14



Page 15 of 25

©CoO~NOUTA,WNPE

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Analytical Methods

L. Latxague, C. Gardrat, J. L. Coustille, M. C. Viaud and P. Rollin, J. Chromatogr. A.,
1991, 586, 166—170.

D. W. Sepkovic, H. L. Bradlow and M. Bell, Nutrition and cancer, 2001, 41, 57—-63.

M. J. Anderton, R. Jukes, J. H. Lamb, M. M. Manson, A. Gescher, W. P. Steward and
M. L. Williams, Journal of chromatography. B, Analytical technologies in the
biomedical and life sciences, 2003, 787, 281-291.

M. J. Anderton, M. M. Manson, R. D. Verschoyle, A. Gescher, J. H. Lamb, P. B.
Farmer, W. P. Steward and M. L. Williams, Clinical cancer research : an official journal
of the American Association for Cancer Research, 2004, 10, 5233-5241.

V. Garcia-Cafias, C. Simé, M. Castro-Puyana and A. Cifuentes, Electrophoresis, 2014,
35, 147-169.

N. Agerbirk, C. Bjergegaard, C. E. Olsen and H. Sgrensen, J. Chromatogr. A. , 1996,
745, 239-248.

C. Feldl, P. Moller, J. Otte and H. Sorensen, Anal. Biochem. , 1994, 217, 62—69.

Z. Chen, Z. Lin, L. Zhang, Y. Cai and L. Zhang, Analyst, 2012, 137, 1723-1729.

W. Byrdwell, Anal Bioanal Chem. , 2011, 401, 3317-3334.

S. Koyuturk, N. O. Can, Z. Atkosar and G. Arli, J. Pharm. Biomed. Anal. , 2014, 97,
103-110.

FDA, Guildance for Industry: Bioanalytical Method Validation, U.S. Department of
Health and Human Services Food and Drug Administration Center for Drug
Evaluation and Research (CDER) Center for Veterinary Medicine (CVM), 2013.

ICH, Validation of Analytical Procedure: Text and Methodology Q2(R1), In:

Proceeding of the international conference on harmonization, Geneva., 2005.

15



©CoO~NOUTA,WNPE

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

25.

26.

27.

28.

29.

30.

31.

Analytical Methods Page 16 of 25

R. Weinberger, in Practical Capillary Electrophoresis (2 Edition), ed. R. Weinberger,
Academic Press, San Diego, 2000, DOI: http://dx.doi.org/10.1016/B978-012742356-
2/50006-7, pp. 139-208.

C.-H. Hsu, C.-C. Hu and T.-C. Chiu, J. Sep. Sci. , 2012, 35, 1359-1364.

P. G. Muijselaar, K. Otsuka and S. Terabe, J. Chromatogr. A. , 1997, 780, 41-61.

K. Altria, in Capillary Electrophoresis Guidebook, ed. K. Altria, Humana Press, 1996,
vol. 52, ch. 4, pp. 29-48.

S. D. Gilman and P. Chapman, in Microchip Capillary Electrophoresis, ed. C. Henry,
Humana Press, 2006, vol. 339, ch. 13, pp. 187-201.

A. Zemann, |. Rohregger and R. Zitturi, in Capillary Electrophoresis, ed. P. Schmitt-

Kopplin, Humana Press, 2008, vol. 384, ch. 1, pp. 3—-19.

G. Taibi, M.R. Schiavo, P. Calanni Rindina, R. Muratore, C.M.A. Nicotra, J.

Chromatogr. A. , 2001, 921, 323-329.

16



Page 17 of 25

©CoO~NOUTA,WNPE

Analytical Methods

373  List of Tables
374
375 Table 1 Validation data of the MEKC method; regression equation, coefficient of
376  determination (r), linear range, limit of detection (LOD), limit of quantification (LOQ) and
377  percentage recovery of sample
Regression Coefficient of Linear LOD LoQ
Analyte equation determination range (ng mL_l) (ug mL>1) %Recovery
2 -1
(r) (ngmL )
13C y = 3.064x-1.337 0.9998 5-200 0.7 2.3 90-110
13A y =6.002x-12.461 0.9990 5-200 0.5 1.5 NA
IAA y = 3.894x+0.160 0.9993 5-200 0.5 1.6 NA
DIM y =5.366x+1.252 0.9995 5-200 1.3 4.0 90-105
378  *NA (Not applicable). These indole compounds were not detected in all dietary supplement
379 samples analyzed.
380
381
382
383
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Table 2 Inter-day and intra-day precisions of the MEKC method

Precision (%RSD), n=5

Indole Concentration
compound (ng mL™) Intra-day Inter-day

I3C high 2.0 5.0
medium 2.1 5.1
low 4.1 2.2
I3A high 4.5 2.9
medium 4.9 4.7
low 5.2 3.9
IAA high 4.5 4.6
medium 3.2 4.0
low 4.8 3.9
DIM high 4.2 7.9
medium 3.9 5.1
low 5.1 7.3

%RSD; percentage of relative standard deviation
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Table 3 Determination of indole compounds in the dietary supplement samples

Measured content
Label amount of

mg/capsule
total indole
Sample Sum
compounds
3C+SD  13A%SD  |AAtsD  DiMisp  Me/capsule
mg/capsule
A 13543 ND* ND* 29015 425 400
B 21010 ND* ND* ND* 210 200
C 140+7 ND* ND* 4714 187 200
D 8515 ND* ND* 71 92 100
E 167+2 ND* ND* 25+1 192 200

*ND (Not detected)
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Lists of Figure Caption

Fig. 1 Chemical structure of indole compounds. (A) Indole-3-carbinol, (B) Indole-3-

acetonitrile, (C) Indole-3-acetic acid, and (D) 3,3"-Diindolylmethane.

Fig. 2 Electropherograms of standard mixture solutions of indole compounds (100 ug mL™ of
13C, 13A, IAA, DIM); (A) Effect of borate buffer concentrations of 20.0 mM, 40.0 mM, and
60.0 mM, each buffer containing SDS of 20.0 mM at pH 9.00; (B) Effect pH of borate buffer
(8.00, 8.50, 9.00, 9.50) each containing SDS of 20.0 mM and(C) Effect of SDS concentrations
adding to borate buffer solution (20.0 mM, pH 9.00). The SDS concentrations at 0 mM, 20.0
mM, 40.0 mM and 60.0 mM were varied. The running MEKC conditions used were as
follows: electrokinetic injection for 3.0 s at 423 V cm™, applied electrical field strength of

423 V cm™ for separation, and UV detection at 280 nm. *Unidentified peak.

Fig. 3 Electropherograms of (A) standard mixture solution of indole compounds (I3C, I3A,
IAA, DIM); dietary supplement samples, (B) Sample A (20x dilution factor) and (C) Sample B
(40x dilution factor). MEKC conditions were: borate buffer (20.0 mM, pH 9.00) containing
20.0 mM SDS, electrokinetic injection for 3.0 s at 423 V. cm™, applied electrical field strength

of 423 V cm™ for separation, and UV detection at 280 nm. *Unidentified peak.

Fig. 4 The normalized plot of slope of a linear curve of standard indole compounds with

different percentage of (A) methanol and (B) DMF in the borate buffer solution (% v/v).
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Indole-3-acetic acid (I1AA) 3,3'-Diindolylmethane (DIM)
MW: 175.18 MW: 246.31
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