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Abstract Qantitative analysis of six compounds: (+)-catechin,
benzoic acid, gallic acid methyl ester, paeonol, paeoniflorin, and
albiflorin from Paeonia lactiflora extracts was performed using
high-performance liquid chromatography and an ultraviolet (UV)
detector, following different extraction methods. A reverse-phase
column was used in a gradient elution system, and UV detection
was performed at 280 nm. The results showed that the quantity of
paeoniflorin was the highest in ethanol and water extracts (73.89
and 57.87 mg/g, respectively) among the six compounds. This
study contributes a good analysis method for the contents of P
lactiflora and would be propitious for developing medicines and
functional foods.
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Introduction

Paeonia lactiflora (PL), belonging to the family Paeoniaceae, is a
species of herbaceous perennial flowering plants, and its origin is
in central and eastern Asia, from eastern Tibet, across northern
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China to eastern Siberia. In particular, the roots of PL were
traditionally consumed as oriental medicine [1]. PL has been used
to treat dysmenorrhea, amenorrhea, and spasm [2,3]. In addition,
PL is well known for its vasodilatory [4], anti-hyperlipidemic [5],
anti-oxidant, and anti-bacterial effects [6].

PL has a variety of bioactive components, such as monoterpenes
[7.,8], triterpenes [9,10], volatile oils [11], tannins [12], stilbenes
[13], flavonoids [14], and polyphenols [15,16]. Among them,
paeoniflorin and albiflorin are the primary components of PL [17].
Paeoniflorin has been reported to have anti-inflammatory,
immunomodulatory [18], spasmolytic [19], and hypoglycemic
activities [20]. Albiflorin is effective for the treatment of
inflammation [21], neuropathic pain [22], osteoporosis [23], and
depression [24].

In this study, we aimed to quantify the phytochemical constituents
in PL using a high-performance liquid chromatography (HPLC)-
ultraviolet (UV) detector and compare the quantity of each
compound in the extract after different extraction methods.

Materials and Methods

Plant materials
The ethanolic (EtOH) (3-19-0091) and water (3-19-0048) extracts
of PL were provided by Korea Institute of Oriental Medicine,
Daejeon, Korea.

Chemicals and apparatus

Chromatographic analysis was performed using HPLC system
(Agilent technology 1290 Infinity II, Santa Clara, CA, USA)
equipped with a pump, an auto-sampler, and a UV detector.
Solvents used for HPLC (water and acetonitrile) were HPLC
grade and purchased from J. T. Baker (Avantor, Radnor, PA,
USA). Acetic acid (99.7%) was purchased from Samchun Pure
Chemicals (Pyeongtaek, Korea). Six compounds: (+)-catechin,
benzoic acid, gallic acid methyl ester, paconol, paeoniflorin, and
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Fig. 1 Chemical structures of the six compounds [(+)-catechin (1), benzoic acid (2), gallic acid methyl ester (3), paeonol (4), paeoniflorin (5), and

albiflorin (6)] in PL

albiflorin (Fig. 1) were obtained from Natural Product Institute of
Science and Technology (www.nist.re.kr), Anseong, Korea.

Sample extraction methods

Ethanolic [70% EtOH (4 L)] extraction of dried and crushed PL
(1kg) was performed under sonication for 1h; the extraction
process was run two times. Subsequently, the samples were
filtered, evaporated at 37 °C, freeze-dried, and homogenized using
a 600-pm sieve to obtain EtOH extract of PL (EEP). Water (4 L)
extraction of dried and crushed PL (1 kg) was performed for 3 h
under reflux conditions (100 °C). After extraction, the samples
were filtered using a 53-um sieve, evaporated at 37 °C, and
homogenized using a 600-pum sieve to obtain water extract of PL
(WEP). The homogenized powders were stored in a tight-sealed
bottle and kept in a refrigerator away from light until analysis.

Preparation of samples for HPLC

EEP and WEP (1 mg each) were dissolved separately in methanol
(MeOH) under sonication for 20 min and filtered using a PVDF
Membrane filter of 0.45-um pore size. These were used as the
experimental stock solutions. One milligram of each of the six
compounds was dissolved seperately in MeOH under sonication
for 20 min and filtered using a 0.45-um PVDF membrane filter.
These were used as the standard solutions.

HPLC conditions

Quantitative analyses were performed using a reverse-phase
HPLC system with an INNO CI8 column (250 mmx4.6 mm,
5 um). UV detection was at 280 nm, and the temperature of the
column was maintained at room temperature. The injection
volume was 10 pL, and the flow rate was set to 1 mL/min. The
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Table 1 Data from the calibration curves of the six compounds [(+)-catechin (1), benzoic acid (2), gallic acid methyl ester (3), paconol (4), paconiflorin

(5), and albiflorin (6)]

Compound tr Calibration equation” Correlation coefficient, r*°
1 16.313 Y =3.2366X+39.55 0.9989
3 16.525 Y =37.871X+27.792 0.9992
6 20.473 Y =0.6301X+44.929 0.9987
5 22.099 Y =0.8803X+8.6333 0.9999
2 30.719 Y =4.8757X+105.49 0.9996
4 36.643 Y =64.79X+3.4631 0.9998

“Y = peak area, X = concentration of the standards (mg/mL)
b42 = correlation coefficient based on five data points in the calibration curves
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Fig. 2 HPLC chromatogram of the six compounds

mobile phase of the gradient elution system consisted of 0.5%
acetic acid in water (A) and acetonitrile (B). The composition of
the gradient elution system was as follows: 95% A at 0 min, 75%
A at 25 min, 60% A at 30 min, 100% B at 35 min, 100% B at 40
min, 95% A at 45 min, and 95% A at 55 min.

Calibration curves

The standard stock solutions were prepared by dissolving the
compounds in MeOH (1 mg/mL). The working solutions, which
were prepared by serially diluting the stock solutions, were used
to construct the calibration curves. The calibration functions of the
standards were calculated using the peak area (Y), concentration
(X, mg/mL), and mean =+ standard deviation (n =3).

Results and Discussion

PL has anti-oxidant [25], anti-diabetic [26], anti-microbial [27],
and anti-hyperlipidemic effects [28]. A recent study revealed the
skin-depigmenting potential of PL in hyperpigmentation disorders
[29]. It has a variety of bioactive components, such as paeoniflorin,
albiflorin, benzoic acid, oleanolic acid, hederagenin, and
oxypaeoniflorin [16]. Among them, paeoniflorin and albiflorin are
the primary constituents of PL [17].

Quantitative analysis of the six representative compounds in
EEP and WEP was performed using HPLC with a reverse phase
column and gradient elution of solvents A and B in the mobile
phase. The HPLC method showed good separation, and a
wavelength of 280 nm was found to be effective for detection.
The data from the calibration curves of the standards are shown in

Table 1. The calibration curves were constructed by linearly
plotting the peak area against the prepared concentrations of the
standard solutions and were analyzed using linear regression. The
linear regression coefficients (+%) for the standards were between
0.9987 and 0.9999.

Chromatograms of the standard solutions of the six compounds
are shown in Fig. 2. Chromatographic peaks of (+)-catechin, gallic
acid methyl ester, albiflorin, paeoniflorin, benzoic acid, and
paeonol showed good separation in EEP and WEP (Fig. 3). Table
2 shows the quantity of the six compounds in EEP and WEP. The
results showed that the quantity of the six compounds was
generally higher in EEP than in WEP. However, considering the
dry weights, the quantity of albiflorin, paeoniflorin, and benzoic
acid was higher in WEP than in EEP. This seems to be due to the
variation in yield according to the extraction method. The
extraction yields of EEP and WEP were 16.63% (w/w) and
27.64% (w/w), respectively, which shows the extraction efficiency
of water extraction method. Among the six compounds in PL, the
quantity of paeoniflorin was remarkably high, followed by
albiflorin, in both EEP and WEP.

Choung et al. found suitable conditions for analysis of
paeoniflorin using different extraction methods and times [30].
They reported that reflux extraction produced sufficient yield in
1 h, whereas sonication extraction for 1 to 2h yielded less
quantity than reflux extraction. Additionally, there was no marked
difference in yield even after 3 to 4 h of sonication extraction.
Moreover, Kim et al. reported that, extraction using 70% EtOH
was effective when extracting from dried powder of PL [31].
Another study showed that paeoniflorin was efficiently extracted
with 70% MeOH or water [32], although not with pure EtOH or
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Fig. 3 HPLC chromatograms of EEP (A) and WEP (B)

Table 2 Quantity of the six compounds [(+)-catechin (1), benzoic acid (2), gallic acid methyl ester (3), paconol (4), paeoniflorin (5), and albiflorin (6)]

in the EEP and WEP

EEP WEP
Compound
(mg/g ext.) (mg/g DW) (mg/g ext.) (mg/g DW)
1 1.58+0.01 0.26+0.00 0.37+0.05 0.10+0.01
3 0.21+0.01 0.03+0.00 trace trace
6 30.03+0.21 4.98+0.03 23.14+0.17 6.39+0.05
5 73.89+0.76 12.27+0.13 57.87+0.20 15.97+0.06
2 3.45+0.10 0.57+0.02 2.96+0.02 0.82+0.01
4 0.02+0.00 trace trace trace

MeOH [33]. In this study, the quantity of paeoniflorin was higher
in EEP than in WEP, which shows that the extraction using 70%
EtOH is more suitable. Additionally, if reflux extraction had been
used for the ethanolic extracion of PL, the extraction yield would
have increased.

Paeoniflorin has anti-hyperlipidemic [28], anti-wrinkle [34],
and anti-depressant effects [35]. Albiflorin has anti-inflammatory
[36], hematopoietic [37], and anti-depressant [38] effects. We
quantified a total of six phytochemical constituents of PL,
including albiflorin and paeoniflorin, the major components of
PL, using different extraction methods. In conclusion, this study
provides a good analysis method for determining the contents of
PL. These results would be beneficial in developing medicines
and functional foods.
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