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Chemical interaction between Paeonia
lactiflora and Glycyrrhiza uralensis, the
components of Jakyakgamcho-tang, using a
validated high-performance liquid
chromatography method: Herbal
combination and chemical interaction in a
decoction

The herbal combination is the basic unit of a herbal formula that affects the chemical charac-
teristics of individual herbs. In the present study, a method of simultaneous determination
of the 11 marker compounds in Jakyakgamcho-tang was developed using high-performance
liquid chromatography with photodiode array detection. The validated analytical method
was successfully applied to approach the chemical interaction between Paeonia lactiflora
and Glycyrrhiza uralensis in co-decoction. In P. lactiflora, the contents of gallic acid, oxy-
paeoniflorin, (+)-catechin, paeoniflorin, and benzoylpaeoniflorin were decreased, while
those of albiflorin and benzoic acid were increased; in G. uralensis, the contents of liquiritin,
isoliquiritin, ononin, and glycyrrhizin were decreased, when decocting two herbs together.
Moreover, as the ratio between P. lactiflora and G. uralensis was increased, the contents of
chemical contents from each herb were proportionally increased. However, each content
of marker compound per the gram of herbal medicine was decreased as the ratio of com-
binative herbs increased. The results showed that P. lactiflora and G. uralensis affect the
extraction efficiency of chemical compounds in a Jakyakgamcho-tang decoction. Overall,
the method established in this study was simple, rapid, and accurate, and would be use-
ful for the determination of marker compounds and for the investigation of the chemical
interaction between herbal medicines.

Keywords: Chemical interaction / Glycyrrhiza uralensis /| Jakyakgamcho-tang /
Marker compounds / Paeonia lactiflora
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extracted with multiple herbs because the constituents inter-
act with each other during the decocting process, affecting

A traditional herbal formula is the combination of multiple
herbal medicines with an intrinsic composition ratio and it
is generally administered to a patient as a form of decoction,
which is prepared by boiling the herbal combination, mainly
with water [1]. Herbal combinations can change their innate
beneficial effects, moderate or eliminate any of their origi-
nal toxic side effects, or produce toxic or poor reactions in
decoction together [2]. Chemical change of the constituents
in each compositional herb can be induced in a decoction
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their extraction efficiency [3]. This process results in the vari-
ation of the chemical content [4], a change in bioactivity or
bioavailability [5-7], or synergistic interaction [8].
Jakyakgamcho-tang (JGT; Shaoyao-gancao-tang in
Chinese; Shakuyaku-kanzo-to in Japanese) is a traditional
herbal formula used for analgesic purposes. It is originally
from the Shang Han Za Bing Lun (known as the Treatise on
Cold Damage Disorders), written by Zhang Zhong-Jing in
the Han dynasty (200 BC). It consists of two herbs, Jakyak (the
Radix of Paeonia lactiflora Pall.; PL) and Gamcho (the Radix et
Rhizome of Glycyrrhiza uralensis Fisch.; GU), in a ratio of 1:1.
Traditionally, PL nourishes the blood, regulates the menses,
and alleviates pain, while GU tonifies the spleen, augments
qi, moistens the lungs, and stops cough, and is used as an
antidote for a variety of toxic substances. Although GU can
moderate spasms and alleviate pain, this effect is only seen
when combined with PL, as in JGT [9]. JGT has been clinically
and pharmacologically applied to prevent muscle cramps and
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Figure 1. Chemical structures of the 11 standard compounds in JGT. (1) Gallic acid, (2) oxypaeoniflorin, (3) (+)-catechin, (4) albiflorin,
(5) paeoniflorin, (6) liquiritin, (7) benzoic acid, (8) isoliquiritin, (9) ononin, (10) benzoylpaeoniflorin, and (11) glycyrrhizin.

inhibit the contraction of skeletal muscle [10], reduce uric
acid, regulate autonomic functions [11], relax intestinal
smooth muscle [12], and relieve painful peripheral neuropa-
thy [13]. These therapeutic effects of JGT are considered to
be related to the combination and interaction of multiple
components of the above two compositional herbs.

The analytical method of HPLC, especially when
equipped with a photodiode array detector (PDA), has been
widely used to perform qualitative and quantitative analy-
ses of various chemical compounds in herbal formulas as
it is recognized as a simple, rapid, sensitive, and accurate
method [14,15]. The simultaneous determination of multiple
compounds has been performed using HPLC-PDA with a RP
column due to its wide coverage of bioactive compounds in
herbal formula [16-18]. JGT contains bioactive compounds
from each combinative herbal medicine: gallic acid, oxy-
paeoniflorin, (+)-catechin, albiflorin, paeoniflorin, benzoic
acid, and benzoylpaeoniflorin from PL [19-22]; and liquiritin,
isoliquiritin, ononin, and glycyrrhizin from GU [23]. As these
compounds are considered major marker compounds of PL
and GU, they are used for chemical evaluation or quality as-
sessment of those herbs as well as of the formulas containing
them [24-28].

In the present study, we developed a simultaneous
method for the quantification of the 11 marker compounds
in JGT preparations by a validated HPLC method with PDA
and investigated the chemical interaction between the con-
stituents from PL and GU. The quantitative changes of the
marker compounds in various ratios of JGT (PL/GU = 1:1,
2:1, 41, 1:2, and 1:4) were compared with a single herb ex-
traction. We also determined whether stir-baked GU (GU-SB;
processed by heating) affected the extraction efficiency of the

© 2014 The Authors. Journal of Separation Science published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim.

chemical compounds from PL. To the best of our knowledge,
the present study is the first attempt to investigate chemi-
cal interaction between PL and GU using a validated HPLC
analytical method with PDA.

2 Materials and methods
2.1 Chemicals and reagents

HPLC-grade methanol, acetonitrile, and water were pur-
chased from ].T. Baker (Phillipsburg, NJ, USA). Formic acid
was purchased from Fluka (Seelze, Germany). TFA was ob-
tained from Alfa Aesar (Ward Hill, MA, USA). Acetic acid was
supplied by Merck (Darmstadt, Germany). Phosphoric acid
was from Wako Pure Chemical Industries (Osaka, Japan).
Gallic acid, (+)-catechin, and benzoic acid were purchased
from Sigma—Aldrich (St Louis, MO, USA). Oxypaeoniflorin
isoliquiritin, ononin, and benzoylpaeoniflorin were supplied
by Chengdu Biopurify Phytochemicals (Chengdu, China).
Albiflorin, paeoniflorin, and glycyrrhizin were obtained from
Wako Pure Chemical Industries. Liquiritin was supplied by
NPC Biotechnology (Geumsan, Chungnam, Korea). The pu-
rity of all reagents and marker compounds was >98%. The
chemical structures of the standard compounds are shown
in Fig. 1. The dried roots of PL and the dried rhizomes
of GU were purchased from the herbal medicine company,
Kwangmyungdang Medicinal Herbs (Ulsan, Korea) and au-
thenticated by one of the authors (J.-H. Kim). A voucher
specimen (2014-KE42-1-2) has been deposited in the Herbal
Medicine Formulation Research Group of the Korea Institute
of Oriental Medicine.

www.jss-journal.com
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2.2 Sample preparation

The GU-SB was produced by initially roasting the crude drug
in a herbal roasting facility (THDR-40, Taehwan Automation
Industry, Bucheon, Korea) at 180°C for 30 min and then
increasing the temperature until the surface of the drugs
turned a brown color indicating completion of the process.
The herbal combinations were prepared in ratios of 1:0,
1:1, 1:2, 1:4, 0:1, 2:1, and 4:1 m/m PL to GU, and were ex-
tracted with 100 mL of distilled water w/v for 1 h using a heat-
reflux extractor. The extracted decoction was centrifuged at
3000 rpm for 10 min and the supernatant was transferred to a
100 mL volumetric flask, which was compensated with water.
The decoction was centrifuged at 10 000 rpm for 5 min and
filtered through a 0.2 wm syringe filter (SmartPor" ; Woongki
Science, Seoul, Korea) before injection into the HPLC system.

2.3 Chromatographic conditions

The HPLC-PDA system comprised a Shimadzu LC-20A
(Shimadzu Corporation, Kyoto, Japan) equipped with a sol-
vent delivery unit (LC-20AT), autosampler (SIL-20AC), col-
umn oven (CTO-20A), degasser (DGU-20A3), and PDA (SPD-
M20A). The acquired data were processed using LabSolutions
software (Ver. 5.3; Shimadzu). The separation of compounds
was performed on a Gemini C;g column (4.6 x 250 mm,
5 wm; Phenomenex, Torrance, CA, USA) maintained at 40°C.
The mobile phase consisted of water containing 0.1% formic
acid (A) and acetonitrile (B). Gradient elution of the mobile
phase was applied: 8-55% (B) over 0-40 min, 55-78% (B) over
40-43 min, held for 3 min, and then reequilibrated to 5% until
the end of the analysis. The flow rate was 1.0 mL/min and the
injection volume was set to 10 pL. The detection wavelengths
were optimized according to the maximum absorption wave-
lengths of the standard compounds.

2.4 Method validation

2.4.1 Linearity

The stock solutions were prepared by dissolving accurately
weighed standard compounds in methanol at concentrations
0f 1000 pg/mL. Working solutions were produced by diluting
the stock solutions containing standard compounds. Diluted
working solutions were used to construct calibration curves.
The diluted concentrations of marker compounds were plot-
ted against the peak areas and the linearity was determined
on the calibration curves.

2.4.2 LOD and LOQ

Blank samples were analyzed in triplicate and the area of the
noise peak was calculated. LOD and LOQ were determined
as follows: LOD = 3.3 x SD/slope of regression; LOQ = 10
x SD/slope of regression.

© 2014 The Authors. Journal of Separation Science published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim.
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2.4.3 Precision

The intraday (n = 5) and interday (n = 5) precisions
were calculated by analyzing sample extracts containing low,
medium, and high concentrations of marker compounds.
The values were represented as the RSD [(SD/mean) x 100].

2.4.4 Recovery

The recovery test was carried out to determine the accuracy
of the method used. The three known amounts of marker
compounds (low, medium, and high) were added to the sam-
ples and the recovery was calculated as follows: recovery
(percentage) = ((detected concentration — initial concentra-
tion)/spiked concentration) x 100.

2.4.5 Reproducibility

The reproducibility was determined by calculating the RSD
values of the retention times and the absolute areas of marker
compounds (n =5).

2.4.6 Stability

The stability test was conducted by analyzing the extracted
solution after storage under refrigeration at 10°C for 4, 8, 12,
16, and 20 h. The stability was determined by calculating the
RSD values of the quantities of the marker compounds.

2.5 Statistical analysis

All experiments were performed at least three times. Dun-
nett’s test and two-tailed t-tests were performed for multiple
group comparisons using SYSTAT 10 (SPSS, Chicago, IL,
USA). Differences were considered significant at p < 0.05,
p < 0.01, or p < 0.001.

3 Results and discussion
3.1 Optimization of chromatographic conditions

The mobile phase, modifier, and UV wavelength of PDA were
selected as key factors for HPLC analysis of samples. A Cig
column was employed to detect 11 marker compounds be-
cause itis frequently used in the analysis of herbal medicines.
The mobile phase consisted of water (A) and acetonitrile (B),
and various modifiers, such as 1% acetic acid, 0.1% phos-
phoric acid, 0.1% TFA, and 0.1% formic acid, which were
tested to achieve better separation between adjacent peaks,
especially between oxypaeoniflorin and (+)-catechin. Better
resolution and peak shapes between these two compounds, as
well as between other peaks, were obtained when using 0.1%
formic acid as modifier, as reported previously [29,30] (Fig. 2).
The gradient elution was applied for optimal separation of
marker compounds after testing for various A/B ratios. The

www.jss-journal.com
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gradient elution conditions were as follows: 8-55% (B) over
0—40 min, 55-78% (B) over 40—43 min, held for 3 min. The
UV wavelength was tested using the UV spectrum from 190 to
400 nm to determine the optimal absorption wavelength for
each marker compound; the wavelengths were as follows: alb-
iflorin, paeoniflorin, benzoic acid, and benzoylpaeoniflorin at
230 nm; ononin and glycyrrhizin at 250 nm; oxypaeoniflorin
at 255 nm; gallic acid at 270 nm; (+)-catechin and liquir-
itin at 275 nm; and isoliquiritin at 360 nm. The 11 marker
compounds were reasonably separated on a chromatogram
of samples without overlapping or interception of adjacent
peaks (Figs. 3 and 4).

© 2014 The Authors. Journal of Separation Science published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim.

florin, and (11) glycyrrhizin.

3.2 Method validation

3.2.1 System suitability

The system suitability was evaluated based on capacity fac-
tor (k), relative retention (o), resolution (Rs), theoretical plate
number (N), and symmetry (S) of marker compounds. The ca-
pacity factor and theoretical plate number ranged from 0.73
to 12.24 and 8420 to 36 0521, respectively. The relative re-
tention was 1 < a < 4 and the resolutions of marker com-
pounds were >1.9, which indicate that the marker peaks were
not severely overlapped by adjacent peaks and they were not

www.jss-journal.com
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Figure 4. Chromatograms of water extracts of PL (A), GU (B), GU-SB (C), PL+GU (D), and PL + GU-SB (E) at 250 nm.

Table 1. System suitability: Capacity factor (k), relative retention
(a), resolution (Rs), theoretical plate (N), and symmetry

factor (S)

Compound k [ Rs N S

Gallic acid 0.73 3.87 32.68 8420 1.04
Oxypaeoniflorin 2.83 1.04 1.97 84 569 1.22
(+)-Catechin 2.92 1.04 1.97 60 404 1.00
Albiflorin 4.01 1.08 5.65 113 881 1.06
Paeoniflorin 435 1.08 5.65 129 607 1.21
Liquiritin 5.06 1.21 15.63 172593 1.05
Benzoic acid 6.24 1.07 6.58 140 602 1.08
Isoliquiritin 6.76 1.05 5.94 330675 1.06
Ononin 6.94 1.05 5.94 295 234 0.96
Benzoylpaeoniflorin 8.82 1.40 4593 365 060 1.09
Glycyrrhizin 12.24 1.40 4593 360 521 1.29

disturbed in the quantification of amounts. The symmetry
factor was 0.9 < S < 1.3, demonstrating that peak fronting or
tailing was not found (Table 1).

3.2.2 Linear regression, LOD, and LOQ

Stock solutions were diluted to seven levels of concentration
to produce calibration curves of the 11 marker compounds.
The linearity was represented as the correlation coefficient (%)
of compounds, and ranged from 0.9998 to 1.0000. The values
of LODs and LOQs were 0.02-0.18 and 0.06-0.56 pg/mL,
respectively (Table 2).

3.2.3 Precision, recovery, reproducibility, and
stability

The intra- and interday precisions of marker compounds,
which were represented as RSD values, were <3.0% in three

Table 2. Linear equation, correlation coefficients (r?), LOD, and LOQ for the marker compounds

Compound Wavelength (nm) Linear equation? I Linear range (wg/mL) LOD (wg/mL) L0Q (pwg/mL)
Gallic acid 270 y = 37 363x + 5904.6 1.0000 2.81-180.00 0.03 0.09
Oxypaeoniflorin 255 y =13 146x — 165.37 1.0000 0.94—60.00 0.10 0.31
(+)-Catechin 275 y=6235.1x + 198.82 0.9998 0.94—15.00 0.18 0.56
Albiflorin 230 y=14283x — 1172.80 1.0000 1.25—80.00 0.05 0.16
Paeoniflorin 230 y =14 486x — 7329.00 1.0000 2.5—160.00 0.05 0.16
Liquiritin 275 y=18848x+ 1813.50 1.0000 2.34—150.00 0.06 0.19
Benzoic acid 230 y=238279x+ 91244 0.9999 1.56—100.00 0.02 0.06
Isoliquiritin 360 y=43850x — 322.19 1.0000 0.16—10.00 0.03 0.08
Ononin 250 y=34431x — 453.49 1.0000 0.23—15.00 0.04 0.12
Benzoylpaeoniflorin 230 y=21821x— 27745 0.9999 0.44—28.00 0.03 0.1
Glycyrrhizin 250 y=17756.5x — 2186.9 1.0000 3.13—200.00 0.17 0.53

a) y, peak area (mAU); x, concentration of compound (pg/mL).

© 2014 The Authors. Journal of Separation Science published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim.
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Table 3. Intra- and interday precision of the marker compounds

Liquid Chromatography 2709

Compound Spiked conc.? Intraday (n=5) Interday (n=15)
(pg/mL)
Detected conc. (wg/mL)  RSD (%)?  Accuracy (%) Detected conc. (wg/mL) RSD (%) Accuracy (%)
Gallic acid 7 6.90 2.02 98.55 6.96 1.41 99.46
15 15.74 0.71 104.92 15.70 0.78 104.64
30 29.65 0.10 98.85 29.66 0.14 98.87
Oxypaeoniflorin 2 1.96 2.58 97.86 1.97 2.53 98.27
5 5.06 1.22 101.13 5.06 1.14 101.28
10 9.98 0.24 99.80 9.97 0.20 99.75
(++)-Catechin 1 1.02 1.93 101.73 1.00 0.98 100.36
2 2.03 3.43 101.62 2.03 3.49 101.65
4 3.98 0.87 99.62 3.98 0.90 99.57
Albiflorin 3 2.94 1.46 98.08 2.92 1.68 97.39
7 6.91 0.90 98.65 6.95 1.1 99.22
15 15.06 0.17 100.37 15.04 0.20 100.27
Paeoniflorin 10 10.23 1.44 102.31 10.18 1.88 101.79
20 21.49 0.70 107.47 21.47 0.75 107.37
40 39.19 0.17 97.99 39.22 0.22 98.04
Liquiritin 5 4.90 1.07 98.04 491 1.34 98.24
10 9.92 0.17 99.21 9.91 0.32 99.08
20 20.06 0.08 100.32 20.07 0.05 100.34
Benzoic acid 5 478 0.68 95.64 471 0.46 95.38
10 10.01 0.37 100.10 10.02 0.46 100.22
20 20.05 0.12 100.25 20.05 0.10 100.23
Isoliquiritin 0.5 0.50 0.18 100.26 0.50 0.28 100.30
1 0.97 0.16 96.72 0.97 0.18 96.79
2 2.02 0.05 100.80 2.02 0.04 100.78
Ononin 0.5 0.50 1.67 100.42 0.50 1.44 99.71
1 0.95 1.22 95.08 0.96 2.25 96.12
2 2.02 0.21 101.20 2.02 0.48 100.99
Benzoylpaeoniflorin 1.5 1.56 0.83 103.89 1.56 0.73 104.32
3 2.86 0.92 95.36 2.86 0.94 95.26
6 6.05 0.20 100.92 6.05 0.20 100.91
Glycyrrhizin 10 10.10 0.97 101.00 10.12 0.87 101.21
20 21.21 0.37 106.06 2117 0.26 105.85
40 39.37 0.09 98.42 39.38 0.08 98.46

a) Conc., concentration.
b) RSD (%) = (SD/mean) x 100.

concentration levels, except for the middle concentration of
(+)-catechin, in which they were <3.5% in intra- and inter-
day precisions (Table 3). The recoveries of the 11 marker
compounds were in the range from 92.8 to 105.9%, with
RSD values <5.0% (Table 4). The reproducibility of marker
compounds, also represented as RSD values, was <1.0% for
the retention time and <3.0% for absolute area; the stability
did not exceed 1% of the RSD value, except for (+)-catechin
(Table 5). These results indicate that the established analyti-
cal method was precise, accurate, reproducible, and stable for
the analysis of the 11 marker compounds in the samples.

3.3 Quantification of and chemical interaction
between PL and GU

The validated method was successfully applied to quantify-
ing marker compounds in PL and GU. Chemical interaction

© 2014 The Authors. Journal of Separation Science published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim.

between the two herbs was determined by measuring the
amount of marker compounds in herbal combination. When
extracted with GU and GU-SB, the contents of gallic acid, oxy-
paeoniflorin, (+)-catechin, and paeoniflorin (at higher ratio
of GU), and benzoylpaeoniflorin (at the highest ratio of GU),
which were extracted from PL, were significantly decreased
compared to the contents of compounds in single PL as the
ratio of GU was increased; while the contents of albiflorin
and benzoic acid were increased with partially significant re-
lation with the ratio of GU. The contents of four marker
compounds from GU, liquiritin, isoliquiritin, ononin, and
glycyrrhizin, were significantly decreased compared to the
contents of compounds in single GU, when combined with
PLin aratio-dependent manner (Table 6). In a previous study,
it was reported that the amount of paeoniflorin was also sig-
nificantly decreased in a JGT formula compared with a single
herb as our results showed; however, the amounts of gallic

www.jss-journal.com
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Table 4. Recovery of the marker compounds (n = 5)

J. Sep. Sci. 2014, 37, 2704-2715

Compound Initial conc.? (ng/mL) Spiked conc. (g/mL) Detected conc. (ng/mL) Recovery (%) RSD (%)b!
Gallic acid 29.94 7.00 36.70 96.63 1.73
15.00 44.81 99.18 0.67
30.00 57.79 92.84 0.27
Oxypaeoniflorin 10.53 2.00 12.57 101.73 2.62
5.00 15.77 104.73 1.56
10.00 20.84 103.09 0.57
(+)-Catechin 1.37 1.00 2.35 98.75 2.35
2.00 3.35 99.03 2.36
4,00 5.23 96.73 4.85
Albiflorin 15.92 3.00 18.85 97.75 1.46
7.00 22.94 100.35 2.09
15.00 31.26 102.29 0.68
Paeoniflorin 46.91 10.00 57.39 104.82 2.25
20.00 68.04 105.68 0.45
40.00 84.95 95.11 0.61
Liquiritin 24.91 5.00 29.57 93.14 1.80
10.00 34.31 94.02 0.68
20.00 44.04 95.64 0.86
Benzoic acid 17.95 5.00 22.74 95.82 1.14
10.00 28.15 102.01 0.65
20.00 38.51 102.82 0.39
Isoliquiritin 0.91 0.50 1.43 102.64 0.42
1.00 1.92 100.65 0.28
2.00 3.03 105.85 0.43
Ononin 2.23 0.50 2.73 101.32 2.26
1.00 3.23 99.88 1.29
2.00 434 105.54 1.37
Benzoylpaeoniflorin 6.20 1.50 1.75 103.30 1.92
3.00 9.09 96.40 0.94
6.00 12.37 102.81 1.14
Glycyrrhizin 48.32 10.00 58.30 99.78 1.92
20.00 68.62 101.49 0.74
40.00 85.66 93.35 1.05

a) Conc., concentration.
b) RSD (%) = (SD/mean) x 100.

Table 5. Reproducibility and stability of the marker compounds

(RSD, %)?!
Compound Reproducibility (n=5) Stability
(<20h)
Retention time ~ Absolute area
Gallic acid 0.20 1.21 0.60
Oxypaeoniflorin 0.22 1.60 0.62
(+)-Catechin 0.18 2.30 4.95
Albiflorin 0.10 0.77 0.57
Paeoniflorin 0.1 1.55 0.35
Liquiritin 0.12 0.94 0.24
Benzoic acid 0.07 0.97 0.40
Isoliquiritin 0.05 271 0.54
Ononin 0.05 1.23 0.80
Benzoylpaeoniflorin ~ 0.03 0.60 0.73
Glycyrrhizin 0.50 1.04 0.22

a) RSD (%) = (SD/mean) x 100.

© 2014 The Authors. Journal of Separation Science published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim.

acid, albiflorin, and benzoic acid were not consistent with our
results [31]. In contrast, in another study, it was reported that
the amount of paeoniflorin was more decreased in a blood
sample administered by JGT decoction than a single PL ex-
traction [32]. These results indicate that GU suppressed the
extraction of gallic acid, oxypaeoniflorin, (+)-catechin, paeoni-
florin, and benzoylpaeoniflorin, and promoted the extraction
of albiflorin and benzoic acid from PL, while PL suppressed
the extraction efficiency of four compounds from GU, when
decocting together. The extraction of herbal constituents was
significantly affected by combinative herbal medicines in the
decocting process, which can have an effect on the absorption
of components into body [32]. Moreover, an increasing ratio
of PL or GU significantly affected the extraction of the com-
pounds from counterpart herbs, mostly in a ratio-dependent
manner. The GU-SB was also found to have a lower con-
tent of liquiritin, isoliquiritin, and ononin, and a higher con-
tent of glycyrrhizin than nonprocessed GU. Moreover, GU-SB

www.jss-journal.com
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Figure 5. Correlation coefficient between the contents of marker compounds and the ratio of herbal composition. (l) Herbal combination

with GU, (A) herbal combination with GU-SB.

lowered the extraction of gallic acid, but raised the release of
(+)-catechin, albiflorin, and paeoniflorin from PL. Process-
ing, such as stir-baking, can alter the contents of constituents
in crude GU and its interaction with PL [33].

Except for (+)-catechin, the contents of most compounds
extracted from PL and GU increased proportionally with an
increase in ratio of combinative herb. The correlation coeffi-
cients between the weight of herbs and the content of com-
pounds were >0.95, indicating that the two variables were
highly correlated, which proves that a larger amount of herbal
medicine produces a higher content of constituent (Fig. 5).
However, the extraction rate was inefficient as the amount
of herbs decocted increased. As shown in Table 7, the gram

© 2014 The Authors. Journal of Separation Science published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim.

content of compound, which was the content of the marker
compound per gram of individual herbs in JGT, was calcu-
lated from the division of the contents of compounds by the
weight of herbs decocted and it showed that the extraction ef-
ficiency was decreased in larger quantities of herbs. The gram
contents of all compounds were significantly decreased as the
weight of herbal medicine was increased in combination of
PL with both crude GU and GU-SB. This result indicates that
a higher herb quantity in a JGT formula can reduce the ex-
traction rate of its constituents. This is also mainly caused by
decreased mass transfer between the herb and water because
the amount of analyte extracted depends on the mass transfer
of an analyte through the aqueous phase [34].
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This phenomenon could have several explanations. First,
the presence of a specific constituent could affect the chemi-
cal solubility of components from the other herbal medicine,
as it was reported that decreased solubility and content of
berberine from Coptis rhizome in aqueous solution are due
to the presence of glycyrrhizin or increased water solubility
of polymeric proanthocyanidins in the presence of paeoni-
florin and glycyrrhizin [35, 36]. The constituents of two herbs
could reduce the solubility of most compounds, except for
(+)-catechin and benzoic acid from PL. Second, the more the
ratio of a combined herb is increased, the larger is the amount
of the herb in contact with the solvent, which is mainly wa-
ter. This means that the larger amount of combined herb
may interrupt the counterpart herb’s opportunity to react to
water. Consequently, the mass transfer between water and
the counterpart herb decreased; hence, the compounds can-
not be effectively extracted because of the limited volume of
water [37].

Global detection of all compounds in a mixture of herbs
remains challenging; some constituents from herbs with very
weak or no UV signals cannot be detected or identified [2].
This study showed a similar limitation, as the chemical deter-
mination was performed with “known” marker compounds.
However, the 11 authentic standard compounds can play a key
role in chemical analysis because they can be used as suitable
indicators of PLand GU. Moreover, these marker compounds
are also known to have bioactivity. Therefore, the variation of
those marker compounds in PL or GU, caused by decocting
two herbs together, possibly demonstrates that chemical in-
teraction between two herbs could affect the specific effect
of the individual herb; in other words, the unpredicted or
minor effect of a single herb could be induced by the combi-
nation of another herb—this is theoretically fundamental in
the composition of herbal formulas.

4 Concluding remarks

A validated HPLC-PDA analytical method was developed for
the simultaneous determination of 11 marker compounds in
JGT, a herbal formula consisting of PL and GU, and it was
successfully applied to investigate the chemical interaction
between PL and GU when decocting together. The developed
HPLC-PDA method was simple, precise, and accurate. The
contents of the marker compounds from PL and GU were
decreased in JGT decoction. The increasing ratio of composi-
tional herb produced higher amounts of marker compounds;
however, their relative amounts (gram content of compound)
were rather decreased. The results of our study reveal that
decocting herbs together significantly influences the extrac-
tion efficiency of seven marker compounds from PL and four
marker compounds from GU.

This study was supported by a grant from the Korea Institute
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