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O Alismatis Rhizoma is a perennial herb originating from the rhizomes of Alisma orientalis
(Sam) Juzep and the same species which have been used to treat seborrheic dermatitis, eczema, poly-
dipsia, and pedal edema. We aimed to determine the concentrations of the compounds alisol B and
alisol B acetate present in a sample of the herb using high-performance liquid chromatography
coupled with a photodiode array detector. We selected methanol as the optimal solvent considering
the structures of alisol B and alisol B acetate. We estimated the proportion of alisol B and alisol
B acetate in a standard extract to be 0.0434% and 0.2365% in methanol, respectively. To optimize
extraction, we employed response surface methodology to determine the yields of alisol B and alisol B
acetate, which mapped out a central composite design consisting of 15 experimental points. The
extraction paramelers were time, concentration, and sample weight. The predicted concentration
of alisol B derivatives was estimaled to be 0.2388% under the following conditions: 81 min of
extraction time, 76% of methanol concentration, and 1.52 g of sample weight.
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INTRODUCTION

Traditional herbal medicines are among the most comprehensive,
well-documented folk medicines in human history. Since ancient times,
many Oriental countries have used traditional herbal medicine to treat a
vest number of diseases, as well as to maintain health."™ Although many
traditional herbal medicines have shown efficacy in clinical trials, they all
contain a complex array of compounds that are rarely standardized.
Liquid chromatography is a powerful analytical tool for complex mixtures
of compounds such as those found in traditional herbal medicines.'* In
recent years, traditional herbal medicines have been standardized using
many innovative techniques based on liquid chromatography including
capillary electrophoresis, LC-MS/MS, micellar electrokinetic capillary
chromatography, high-speed counter-current chromatography, and so
on."”

Alismatis Rhizoma is a perennial herb that originates from the
rhizomes of Alisma orientale Juzepczuk (Alismataceae) and the same
species.[7’8] This herb is included in several Oriental preparations,
such as Taeg-Sa-San and O-Ryeing-San, that have been used to treat
condition such as seborrheic dermatitis, eczema, polydipsia, pedal
edema, and so on.' ' In addition, the dried rhizome of this plant
is a well-known East-Asian medicine that has long been used for infec-
tions, inflammation, allergies, nephrolithiasis, diuresis, atherosclerosis,
hyperlipidemia, and diabetes in China, Japan, Korea, and North
America.[*1#14]

Alismatis Rhizoma contains triterpenoids including alisol A, B, C,
alisol A 24-acetate, alisol B 23-acetate, alismol, alismoxide, epigalisol A,
and the saccharides such as D-glucose, D-fructose, sucrose, and so
on. P21 1y particular, alisol B acetate is an important compound
for which several biological activities have been identified, including
inhibition of lipopolysaccharide-induced mRNA expression of inducible
nitric oxide synthase and nitric oxide production. It has also been
found to inhibit complement fixation and antibody-mediated allergic
reaction.'”

Several earlier reports have defined the respective contents of alisol
A 24-acetate, alisol B 23-acetate, alisol C 23-acetate, and alismol in
Alismatis Rhizoma wusing the HPLC-UV and HPLCESI-MS tech-
nique.®3 1417181 However, there have been no previous studies on the
optimal conditions of alisol derivatives. In this study, we investigated
the optimal extraction conditions of Alismatis Rhizoma using response
surface modeling based on the concentrations of alisol B and alisol B
acetate.
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EXPERIMENTAL
Plant Material

Specimens of Alismatis Rhizoma collected in Suncheon (Jeonman,
Korea) were identified and dried by professor Young Bae Seo of Daejeon
University. A voucher specimen of this material (ALR 09) was deposited
at the herbarium of the Herbal Resources Research Center at the Korea
Institute of Oriental Medicine (KIOM), Korea.

Chemicals

The standard compounds alisol B and alisol B acetate (Figure 1) were
purchased from Wako Pure Chemical Industries (Osaka, Japan). HPLC
grade methanol, ethanol, 2-propanol, n-hexane, dichloromethane, acetoni-
trile, and distilled water were obtained from J. T. Baker Inc. (Phillipsburg,
NJ, USA).

Sample Preparation for Optimal Solvent

Alismatis Rhizoma was blended using a blender (Shinil Industrial Co.,
Ltd., Gyeonggi-do, Korea) and ground into fine powder through the sieve.
To determine the optimum solvent, aliquot of 1.0 g powdered sample was
extracted in two one-hour ultrasonic waves in 25 mL of solvent including
methanol, ethanol, 2-propanol, n-hexane, and dichloromethane and filled
precisely in a 50 mL volumetric flask. Prior to injection, 2.0 mL were filtered
through a 0.2-um membrane filter (PALL Corporation, Ann Arbor, MI,
USA). Extraction samples were analyzed in three independent variables.
After selecting the optimal solvent, samples were experimented by response
surface methodology.

A) B)

FIGURE 1 Chemical structures of alisol B (A) and alisol B acetate (B).
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Experimental Design and Response Surface Methodology

The three measured variables in this experiment were extraction time
(X1), methanol concentration (Xy), and sample weight (X3). We assigned
five levels (-2, —1, 0, 1, 2) to both dependent variables: the concentrations
of alisol B and alisol B acetate (Table 1). The experimental 15 factors were
planed central composite design (CCD) factors, in accordance with
n =242k +n, where k is the number of factors.''"**! Next, regression
coefficients for intercept, linear, quadratic, and interaction terms where
Bo, Bi (i=1,2,3),and f; (i=1, 2, 3;j=1, 2, 3,i< j) were performed fol-
lowing this function (1):

Y = By + B Xy + BoXo + BsXs + By X1 + BooXog + PBsgXss + BroXiXe
+ P13 X1 X3 + BogXeXs (1)

where Y is the predicted response, and X, Xy, and X3 are the experimental
independent values. Statistical analysis was performed using SAS 9.1 soft-
ware for Windows (SAS Korea, Seoul, Korea).

HPLC-PAD Analysis

The HPLC system consisted of a Waters Alliance 2695 system coupled
with a 2996 photodiode array detector. Data processing was carried out
with Empower software (Waters Co., Milford, MA, USA). Separation was
performed with Atlantis dC;g (4.6 x 250 mm, 5um particle size, no.
186001346, Waters Co., Milford, MA, USA), XTerra RP18 (4.6 x 250 mm,
5pum particle size, no. 186000498, Waters Co., Milford, MA, USA), and
Luna 5p C18(2) 100A (4.6 x 250 mm, 5um particle size, no. 00G-4252-
EO, Phenomenex Co., Torrance, CA, USA) columns. The solvents ratio
for the 40min mobile phase was A:B:C=61:7:32 (A=acetonitrile,
B =methanol, C=HyO). The UV wavelength was scanned over the range
of 190-400 nm and recorded at 203nm. The flow rate was 0.6 mL/min,
and the injection volume was 20 pL.. Sample peaks were assigned according

TABLE 1 Experimental Range and Value of Independent Variable in the Central
Composite Design for Extraction Conditions

Variable Level

Independent Variable -2 -1 0 1 2
Extraction time (min) X1 30 60 90 120 150
Methanol concentration (%) X2 0 25 50 75 100

Sample weigh (g) X3 0.5 1.0 1.5 2.0 2.5
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to retention time and the UV spectra of the two standard compounds in the
chromatogram.

Method Validation

Two stock solutions, 1.2 mg of alisol B and 1.0 mg of alisol B acetate, were
dissolved in 10 mL methanol, respectively. We carried out serial dilutions in
construct standard calibration curves in which concentrations of standard sol-
ution alisol B and alisol B acetate were 120, 60, 12, 1.2, and 0.4 ng/mL and 100,
50, 10, 1.0, and 0.5 pg/mL, respectively. Five different concentrations of the
two standard compounds were injected in triplicate. The precisions of the stan-
dard compounds were determined for intra-day and inter-day variability in
triplicate. Accuracy was calculated using observed concentrations and nominal
concentrations. The limited of detection (LOD) and limited of quantitation
(LOQ) were calculated using 3.3+ ¢/s and 10+ ¢ /s, where ¢ is the standard
deviation and s is slope of regression equation.[24]

RESULTS AND DISCUSSION
Method Validation

Three differential columns were used to test the samples: XTerra RP;g
(4.6 x 250 mm, 5pm), Luna bp Cig(2) 100A (4.6 x 250 mm, 5pm), and
Atlantis dCyg (4.6 x 250 mm, 5 pm). The optimal column was selected based
on a comparative chromatogram of the retention times, separations, resolu-
tions, and shapes of the alisol B and alisol B acetate peaks (Figure 2). On
the XTerra RPg, Luna 5 Ci3(2) 100A, and Atlantis dC;g columns, alisol B
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FIGURE 2 Chromatogram of the suitable analytical column for alisol A (the front peak) and alisol B
acetate (the back peak): XTerra RP 18 (A), Atlantis dC;g (C), and Luna 5 p Cy5(2) 100A. (Color figure
available online.)
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was detected at approximately 15, 27, and 25 min, respectively. Under the
same column conditions, alisol B acetate was showed at about 21, 35, and
32 min, respectively. The two standard compounds showed tailing peaks in
the Atlantis dC;g column condition. The peak shapes were good in the other
two columns, however we selected the XTerra RPg column because of its
reduced analytical time."*>*%! Qur sample of Alismatis Rhizoma contained ali-
sol B and alisol B acetate at approximately 15 and 21 min in the XTerra RP;g
column (Figure 3).

The concentrations of alisol B and alisol B acetate ranged from
0.4-120 ng/mL and 0.5-100 pg/mL, and the regressive equations (coefficient
of correlation) were calculated at y=76030.232x + 16057.012 (R?=1.000)
and y=59806.416x 4+ 9131.577 (R?=1.000), respectively (Table 2).

Limits of detection (LOD) for alisol B and alisol B acetate were 0.082 ug/
mL and 0.114 pg/mL, respectively. Limits of quantitation (LOQ) for alisol B
and alisol B acetate were 0.249 pg/mL and 0.344 ug/mL, respectively. The
RSDs of the intra-day and inter-day variabilities for two standard compounds
were less than 1.0% and 5.0%, respectively (Table 3). Accuracy was deter-
mined using the spike test, in which we added 12 pg/mL of standard alisol
B and 50 pg/mL of standard alisol B acetate. The means of recovery of alisol
B and alisol B acetate were measured as 103.6% and 106.4%, respectively.
This method demonstrated good linearity, precision, and accuracy.

Optimization of Extraction Solvent

We determined the contents of alisol B and alisol B acetate using the follow-
ing six solvents: methanol, ethanol, 2-propanol, n-hexane, dichloromethane,
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FIGURE 3 Chromatogram of sample for Alismatis Rhizoma (A), alisol B acetate (B), and alsiol B (C) in
XTerra RP;g column condition. (Color figure available online.)
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TABLE 2 Linearity and Precision of Alisol B and Alisol B Acetate

Analytes. Regression Equation Correlation Coefficient (R%) Range (pg/mL)
Alisol B Y =76030.232x + 16057.012 1.000 0.4-120
Alisol B acetate Y=59806.416x 4+ 9131.577 1.000 0.5-100

and acetonitrile. To select the optimal extraction solvent, we calculated the
total extracted concentrations of the two compounds. In dichloromethane,
alisol B was not detected, and only a trace of alisol B acetate was detected.
In the alcohol solvents and acetonitrile, the compounds were both present
in high concentrations. Methanol yielded the highest concentration of
alisol B derivatives, approximately 0.2799% (Table 4). The extraction
temperature, time, solvent concentration, and sample weight have an effect
on the yield of a natural product. In particular, mixed solvents of a lower
alcohol and water have been generally used for the extraction of natural
products.! Among the various alcohols, methanol was selected by prelimi-
nary test. A methanol extraction was detected to the highest contents of
alisol B and alisol B acetate.

Fitting the Models

The quantities of alisol B and alisol B acetate in Alismatis Rhizoma
obtained from all of the experiments are listed in Table 5. These experi-
mental data were used to calculate the coefficient of the second-order poly-
nomial equation as shown in Table 6. In this model, the significances of the
effect on the respective response variables increased with a greater
regression coefficient and a lower p—Value.[27] The R? value, which is always
between 0 and 1, suggests a stronger and more predictive model the closer
is the value to 1.00."*®! The regression coefficient, R* was calculated to be

TABLE 3 Intra-Day and Inter-Day Variability for Concentrations of Alisol B and Alisol B Acetate

Intra-Day Inter-Day
Concentration Found RSD“ Accuracy” Found RSD Accuracy
(ug/mL) (hg/mL) (%) (%) (hg/mL) (%) (%)
AB* 12 12.04 0.50 100.35 11.55 4.66 96.23
60 61.40 0.20 102.33 60.42 1.35 100.70
ABA* 50 51.57 0.44 103.13 50.91 1.02 101.82
100 99.07 0.69 99.07 99.23 0.42 99.23

“RSD (%) =100 x SD/mean.

bAccuracy (%) ={1-(nominal — mean of measured concentration) /nominal concentration}x100.
‘AB = abbreviation of alisol B.

YABA = abbreviation of alisol B acetate.
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TABLE 4 Contents of Alisol A and Alisol B Acetate for Alismatis Rhizoma in Various Solvents

Content of Alisol B (%) Content of Alisol B Acetate (%)

Solvents Mean SD RSD Mean SD RSD

Methanol 0.0434 +0.0003 0.8048 0.2365 +0.0019 0.8095
Ethanol 0.0395 +0.0005 1.3031 0.2304 +0.0045 1.9325
2-Propanol 0.0348 +0.0014 4.1357 0.2212 +0.0039 1.7410
Acetonitrile 0.0400 +0.0009 2.3258 0.2299 +0.0033 1.4517
Dichloromethane N.D.“ 0.0151 +0.0015 10.0894
n-Hexane 0.0182 +0.0006 3.1347 0.1664 +0.0022 1.3147

“N.D. = abbreviation of not detected.

0.9922 using the sum of the two components in our experimental model.
The F-test calculated a high F-value (F=56.40) and a low pvalue
(p<0.001) for our model, indicating a significant effect.”®! These values
indicate that the second-order polynomial model adequately represented
the experimental data.

Response Surface Methodology

Equation (2) shows the relationship between the contents of the two
compounds and their extraction factors.

Y = —0.206851 — 0.000309X; + 0.011077Xs — 0.004481X

+0.000001680X — 0.000005017X; Xy — 0.000063629)(3

(2)

+ 0.000077500X3X; + 0.000211X5Xs — 0.004952)(52;

TABLE 5 Central Composite Design Matrix of Three Test Variables and Experimental Results from
the Response Variables

No. X1 (min) X2 (%) X3 (g) Alisol B (%) Alisol B Acetate (%)  Total Yield (%)
1 60(=1) 25(=1) 1.0 (=1) 0.0006 (£0.0001)  0.0017 (£0.0001)  0.0023 (£0.0002)
2 60 (1) 25(=1) 20(1)  0.0006 (£0.0001)  0.0019 (£0.0001)  0.0025 (£0.0003)
3 60 (1) 75(1) 1.0 (=1) 0.0333 (£0.0017)  0.1966 (£0.0059)  0.2300 (+0.0075)
4 60 (=1) 75(1) 20(1)  0.0851 (£0.0012)  0.2017 (£0.0065)  0.2368 (£0.0074)
5 120 (1) 25 (=1) 1.0 (=1) 0.0005 (£0.0001)  0.0023 (+0.0001)  0.0028 (+0.0001)
6 120 (1) 925 (=1) 20 (1)  0.0011 (£0.0001)  0.0027 (£0.0005)  0.0038 (£0.0001)
7120 (1) 75 (1) 1.0 (=1) 0.0293 (£0.0016)  0.1822 (£0.0062)  0.2115 (£0.0074)
8 120(1)  75(1) 20(1)  0.0825 (£0.0010)  0.1944 (£0.0016)  0.2269 (£0.0023)
9 150 (2) 50 (0) 1.5 (0)  0.0226 (£0.0014)  0.1383 (£0.0098)  0.1609 (+0.0106)

10 80 (=2) 50 (0) 25 (0)  0.0250 (£0.0014)  0.1565 (£0.0092)  0.1814 (£0.0112)

11 90 (0) 100 (2) 1.5 (0)  0.0312 (£0.0011)  0.2094 (£0.0024)  0.2405 (+0.0033)

12 90 (0) 0(=2) 1.5 (0) N.D.“ N.D. N.D.

13 90 (0) 50 (0) 2.5 (2)  0.0210 (£0.0011)  0.1297 (£0.0076)  0.1506 (£0.0087)

14 90 (0) 50 (0) 0.5 (=2)  0.0206 (£0.0010)  0.1491 (£0.0048)  0.1697 (£0.0055)

15 90 (0) 50 (0) 1.5 (0)  0.0226 (£0.0012)  0.1481 (£0.0080)  0.1707 (£0.0091)

“N.D. =abbreviation of not detected.
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TABLE 6 Analysis of Variables for Regression Model of Dependent Y Variable in
Extraction Conditions

Variable DF Sum of Squares R? F-Value P-Value
Linear 3 0.101821 0.8520 145.29 0.0002""
Quadratic 3 0.016574 0.1387 23.65 0.0052"
Crossproduct 3 0.000180 0.0015 0.26 0.8537

Total model 9 0.118575 0.9922 56.40 0.0007"

**P-value < 0.01. ***P-value < 0.001.

The significance of each coefficient was determined using Student’s #
test and the P-value. Significance of the corresponding coefficient increased
with a greater ttest value and a lower p-value.** With regard to extraction
concentration, both the linear and quadratic terms were significant. Meth-
anol concentration had a significant negative quadratic effect on the yields
of alisol B and alisol B acetate, although this effect did not achieve signifi-
cance. Extraction time showed no significant effects (Table 7).

Figure 4 shows the response surface plot of the yields of alisol B and
alisol B acetate according to extraction time (X;), extraction concentration
(Xs9), and sample weight (X3). Figure 4A, B shows that the content of alisol
B derivatives tends to increase at higher concentrations of methanol.
Figure 4C shows that content did not strongly correlate with extraction
time or sample weight.

The maximum content of alisol B derivatives predicted using response
surface methodology was 0.2388% with 81 min of extraction time in 76%
methanol for 1.52 g of sample weight. The actual maximum content was
measured to be 0.2405% with 90 min of extraction time in 100% of meth-
anol for 1.5 g of sample weight. Thus, while the predicted extraction con-
centration differed slightly from the experimental value, the predicted
extraction time and sample weigh were similar to the experimental values.

TABLE 7 Regression Result from the Data of CCD Experiments

Parameter Parameter Estimate Standard Error t-Value P-Value
Intercept —0.206851 0.106497 —1.94 0.1240
X, —0.000309 0.001135 0.27 0.7989
Xy 0.011077 0.001404 7.89 0.0014**
Xs —0.004481 0.068080 -0.07 0.9507
XX, 0.000001680 0.000005120 0.33 0.7593
X1 Xo —0.000005017 0.000007205 0.70 0.5246
XoXo —0.000063629 0.000009578 —6.64 0.0027**
XX 0.000077500 0.000360 0.22 0.8402
X3Xo 0.000211 0.000432 0.49 0.6510
X5Xs —0.004952 0.018433 —0.27 0.8015

**P-value <0.01.
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FIGURE 4 Response surface plots of the yields of alisol B and alisol B acetate (Y) as a parameters of X,
(extraction time), Xy (extraction concentration, and X3 (sample weight). (Color figure available
online)

CONCLUSION

We carried out response surface methodology analysis to optimize the
extraction conditions for alisol B derivatives. An experimental model
yielded a regression coefficient of 0.9922 and a significance level less than
0.05%. The extraction concentration was significantly correlated to the lin-
ear and quadratic terms, but no other parameters were significant. The
maximum content of alisol B derivatives predicted by response surface
methodology was 0.2388% with 81 min of extraction time in 76% methanol
using 1.52 g of sample weight. Thus, while the predicted methanol concen-
tration differed slightly from the experimental values, the predicted extrac-
tion time and sample weights were similar to the experimental values. It is
clear from our study that methanol concentration directly affects the
amounts of alisol B and alisol B acetate extracted from a sample of Alismatis
Rhizoma.
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