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a b s t r a c t

A simple and rapid HPLC method was established for simultaneously determining six active compo-
nents in Fructus Corni. The six components were separated on an Agilent Zorbax Extend C18 column
(250 mm × 4.6 mm, 5 �m) and detected by diode array detector (DAD). Mobile phase was composed of
(A) aqueous phosphoric acid (0.1%, v/v) and (B) acetonitrile phosphoric acid (0.1%, v/v) using a gradient elu-
tion. Analyses were performed at 30 ◦C with a flow rate of 1.0 mL/min and UV detection at 218 nm, 240 nm
and 284 nm. All calibration curves showed good linear regression (r2 ≥ 0.9999) within tested ranges. The
HPLC-DAD
Fructus Corni
P
Q

LOD and LOQ were 0.11–1.69 �g/mL and 1.48–16.60 �g/mL, respectively. Overall intra-day and inter-day
variations were less than 4.72%, and the average recoveries were 97.97–102.51% for the analytes. The
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. Introduction

Fructus Corni is derived from the dry ripe sarcocarp of Cornus
fficinalis Sieb. et Zucc. The crude drug or its processed products of
iu zheng pin (JZP) and qing zheng pin (QZP) are used clinically. JZP
s produced after steaming the crude drug pre-steeped in wine, and
ZP is produced after steaming the crude drug [1,2].

In the last decades, Fructus Corni has been extensively inves-
igated in phytochemistry, and the results indicated that gallic
cid, 5-hydroxymethylfurfural (5-HMF), morroniside, sweroside,
oganin and cornuside were the main active components in Fruc-
us Corni. Pharmacological studies on the components showed
hat they all had good biological activities. Gallic acid had
nti-inflammatory activity [3] and bacteriostatic action [4,5].
orroniside and loganin showed antioxidation and protective

ffects on rat mesangial cell proliferation [6]. Sweroside could
esist d-aminogalactose hepatic injury [7]. Cornuside suppressed
ytokine-induced proinflammatory, relaxated vasculature, and
nhibited melanogenesis [8–10]. 5-HMF could improve blood cir-

ulation [11,12].

To our knowledge, previously reported analytical methods were
eveloped to quantify only one or two types of components in
ructus Corni such as gallic acid [13–15], morroniside [16] and
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ied to the intrinsic quality control of Fructus Corni.
© 2008 Elsevier B.V. All rights reserved.

oganin [17–19]. In current study, an HPLC-DAD method was
eveloped to quantify six components simultaneously in Fructus
orni.

. Experimental

.1. Samples, chemicals and reagents

Fructus Corni was collected from four suppliers (Henan, Shanxi,
hejiang and Anhui in China). Gallic acid was purchased from the
ational Institute for the Control of Pharmaceutical and Biological
roducts (Beijing, China). 5-HMF was purchased from Shang-
ai Yousi Biotechnology Co. Ltd. (Shanghai, China). Morroniside,
weroside and loganin were purchased from Institute of Jiangsu
harmaceutical Research (Nanjing, China). Cornuside was prepared
rom our laboratory, and its identity was verified by LC–MS, 1H
MR and 13C NMR [20]. The purity for each standard compound
as greater than 98% by HPLC analysis. The structures of these six

ompounds were shown in Fig. 1. All reagents with high grade were
btained from others.

.2. HPLC analysis
Analyses were performed using HPLC system Agilent 1100 (Agi-
ent Technologies, Palo Alto, CA, USA) with diode array detector.
etection wavelengths were set at 218 nm for gallic acid and cor-
uside, 240 nm for morroniside, sweroside and loganin, and 284 nm

or 5-HMF. An Agilent Zorbax Extend C18 (250 mm × 4.6 mm, 5 �m)

http://www.sciencedirect.com/science/journal/07317085
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Fig. 1. The chemical structures of

as used with a flow rate of 1.0 mL/min. The injection volume
as 10 �L and the column temperature was maintained at 30 ◦C.
obile phase was composed of (A) aqueous phosphoric acid (0.1%,

/v) and (B) acetonitrile phosphoric acid (0.1%, v/v) using a gradi-
nt elution of 2% B at 0–10 min, 2–5% B at 10–15 min, 5–15% B at
5–45 min, 15–25% B at 45–55 min, 25–90% B at 55–70 min, 90% B
t 80 min.

.3. Preparation of standard solutions

Standard stock solution of gallic acid (0.428 mg/mL),
-HMF (0.792 mg/mL), morroniside (1.660 mg/mL), swero-
ide (0.148 mg/mL), loganin (0.804 mg/mL) and cornuside
0.344 mg/mL) was prepared in 80% methanol. The standard

tock solution was further diluted with 80% methanol to make
0 different concentrations including 1, 3/4, 1/2, 1/4, 1/5, 1/10,
/40, 1/20, 1/40 and 1/100 of the original concentration. The
olutions were filtered through a 0.45-�m membrane prior to
njection.

w
p
a
c
p

able 1
ccuracy of the assay (n = 6)

amples Analytes Original (mg ± S.D.) Sp

rude drug Gallic acid 0.67 ± 0.02 0
5-HMF –b 2
Morroniside 15.28 ± 0.10 15
Sweroside 0.46 ± 0.02 0
Loganin 7.89 ± 0.07 7
Cornuside 6.26 ± 0.06 6

ZP Gallic acid 2.95 ± 0.10 2
5-HMF 4.96 ± 0.08 4
Morroniside 13.95 ± 0.10 13
Sweroside 0.55 ± 0.02 0
Loganin 7.04 ± 0.10 7
Cornuside 5.30 ± 0.09 5

ZP Gallic acid 3.28 ± 0.02 3
5-HMF 8.45 ± 0.03 8
Morroniside 11.70 ± 0.02 11
Sweroside 0.67 ± 0.02 0
Loganin 7.50 ± 0.01 7
Cornuside 4.62 ± 0.13 4

a Recovery (%) = (amountdetermined − amountoriginal)/amountspiked × 100.
b Not detected.
ive components in Fructus Corni.

.4. Preparation of sample solutions

The powder of Fructus Corni samples, were precisely weighed
1.000 g), and transferred into dark brown calibrated flasks. They
ere extracted with 25 mL of 80% methanol in an ultrasonic bath

or 45 min. Additional 80% methanol was added to make up the lost.
he supernatants were filtered through a 0.45-�m membrane prior
o injection.

. Results and discussion

.1. Optimization of chromatographic conditions

Different mobile phase compositions were tested: (1)

ater–methanol; (2) water–acetonitrile; (3) aqueous phos-
horic acid (0.1%, v/v)–acetonitrile phosphoric acid (0.1%, v/v); (4)
queous ammonium acetate (0.5%, v/v)–acetonitrile. As a result, the
ombination of aqueous phosphoric acid (0.1%, v/v)–acetonitrile
hosphoric acid (0.1%, v/v) for mobile phase was the best for

iked (mg) Determined (mg ± S.D.) Recoverya (% ± S.D., R.S.D.%)

.65 1.32 ± 0.01 100.13 ± 3.06, 3.06

.20 2.18 ± 0.04 99.02 ± 1.83, 1.84

.00 29.93 ± 0.51 97.65 ± 2.82, 2.89

.45 0.92 ± 0.02 101.67 ± 2.48, 2.44

.80 15.60 ± 0.29 98.86 ± 3.40, 3.44

.00 12.23 ± 0.12 99.50 ± 2.01, 2.02

.95 5.84 ± 0.15 97.97 ± 4.71, 4.81

.90 9.87 ± 0.17 100.20 ± 2.95, 2.94

.80 27.64 ± 0.27 99.19 ± 2.54, 2.56

.55 1.10 ± 0.03 99.70 ± 3.34, 3.35

.00 14.02 ± 0.13 102.51 ± 2.43, 2.37

.00 10.23 ± 0.15 98.70 ± 3.34, 3.38

.25 6.51 ± 0.06 99.18 ± 1.97, 1.99

.45 16.89 ± 0.26 99.88 ± 3.34, 3.35

.65 23.21 ± 0.25 98.81 ± 2.06, 2.08

.70 1.38 ± 0.03 100.95 ± 2.81, 2.78

.50 14.96 ± 0.10 99.47 ± 1.40, 1.40

.50 9.18 ± 0.22 101.44 ± 3.37, 3.32
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Table 2
Contents of the six components in Fructus Corni (mg/g ± S.D., n = 5)

Samples Suppliers Gallic acid 5-HMF Morroniside Sweroside Loganin Cornuside

Crude drug Henan 0.81 ± 0.03 –a 15.46 ± 0.59 0.63 ± 0.03 8.28 ± 0.11 6.28 ± 0.27
Shanxi 0.75 ± 0.03 – 17.07 ± 0.70 0.60 ± 0.02 6.04 ± 0.14 5.63 ± 0.14
Zhejiang 0.74 ± 0.03 – 13.05 ± 0.43 0.59 ± 0.02 7.64 ± 0.17 5.53 ± 0.25
Anhui 0.73 ± 0.03 – 12.58 ± 0.50 0.75 ± 0.03 8.11 ± 0.30 4.91 ± 0.19

JZP Henan 3.06 ± 0.07 3.17 ± 0.14 13.66 ± 0.62 0.71 ± 0.02 7.66 ± 0.34 5.15 ± 0.34
Shanxi 2.76 ± 0.09 3.07 ± 0.10 11.61 ± 0.41 0.64 ± 0.03 5.75 ± 0.22 4.28 ± 0.15
Zhejiang 2.95 ± 0.11 3.57 ± 0.15 11.36 ± 0.22 0.82 ± 0.02 7.31 ± 0.20 4.89 ± 0.08
Anhui 3.39 ± 0.14 3.00 ± 0.13 12.00 ± 0.19 0.92 ± 0.03 7.79 ± 0.27 4.36 ± 0.11

QZP Henan 3.16 ± 0.09 5.62 ± 0.13 11.21 ± 0.24 0.94 ± 0.03 6.43 ± 0.22 4.32 ± 0.15
Shanxi 3.15 ± 0.10 6.45 ± 0.17 10.86 ± 0.41 0.83 ± 0.02 5.56 ± 0.11 4.67 ± 0.05
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Zhejiang 2.85 ± 0.05 5.81 ± 0.10
Anhui 4.69 ± 0.12 6.35 ± 0.27

a Not detected.

eparation. Furthermore, other chromatographic variables were
lso optimized, including analytical columns (Hanbon Hedera
DS-2, Hanbon Lichrospher C18 and Agilent Zorbax Extend C18),

he column temperatures (20 ◦C, 25 ◦C and 30 ◦C) and the flow
ates (0.8 mL/min and 1.0 mL/min). Eventually, the optimal sep-
ration was achieved on an Agilent Zorbax Extend C18 column
250 mm × 4.6 mm, 5 �m) at a column temperature of 30 ◦C with a
ow rate of 1.0 mL/min.

.2. Calibration curves, limits of detection and quantification

The calibration curves were performed with 10 different con-

entrations in triplicate. The regression equations were calculated
n the form of y = ax + b, where y and x were peak area and concen-
ration. The LOD was determined at a signal-to-noise ratio of 3, and
he LOQ was determined as the lowest concentration in the linear
ange of each analyte.

p
s
b
e
v

ig. 2. Typical chromatograms of reference compounds (A), crude drug from Henan (B), JZ
cid; (2) 5-HMF; (3) morroniside; (4) sweroside; (5) loganin and (6) cornuside.
9.57 ± 0.37 0.75 ± 0.02 4.93 ± 0.09 4.25 ± 0.05
10.26 ± 0.32 1.40 ± 0.05 6.93 ± 0.29 4.31 ± 0.18

The regression equations (linear ranges) were y = 71.145x +
4.391 (4.28–428.00 �g/mL, gallic acid), y = 67.844x + 216.71 (7.92–
92.00 �g/mL, 5-HMF), y = 13.934x + 12.33 (16.60–1660.00 �g/mL,
orroniside), y = 19.59x − 1.7924 (1.48–148.00 �g/mL, sweroside),
= 15.357x + 1.3993 (8.04–804.00 �g/mL, loganin), y = 9.1877x −
.4408 (3.44–344.00 �g/mL, cornuside). All the marker substances
howed good linearity (r2 ≥ 0.9999). The LOD and LOQ of the six
nalytes were 0.11–1.69 �g/mL and 1.48–16.60 �g/mL, respectively.

.3. Precision, repeatability and stability

Intra-day and inter-day variations were chosen to determine the

recision of the developed assay by analyzing 1/5 dilution of the
tandard stock solution. The intra-day variation was determined
y analyzing the six replicates within 1 day. Inter-day variation was
xamined in six consecutive days. Overall intra-day and inter-day
ariations were less than 4.72%.

P from Henan (C), QZP from Henan (D) in different detection wavelengths. (1) Gallic
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To further evaluate the repeatability of the developed assay,
ructus Corni was analyzed in six replicates as described above.
he contents of six compounds in Fructus Corni were calculated
rom the corresponding calibration curves. The relative standard
eviations (R.S.D.s) were taken as measurements of repeatability.
tability was tested with Fructus Corni at room temperature and
nalyzed at 0 h, 2 h, 4 h, 8 h, 12 h, 24 and 48 h within 2 days, respec-
ively. The R.S.D.s of repeatability test and stability were not more
han 4.01% for all analytes.

.4. Accuracy

Accuracy was determined by the recovery test. An appropriate
mount of Fructus Corni powder was weighed and spiked with
nown amount of each standard compound. They were then treated
nd analyzed as described above. Each sample was analyzed in six
eplicates. The total amount of each analyte was calculated from the
orresponding calibration curve. The results of recovery test were
hown in Table 1.

.5. Sample analysis

The contents of six compounds in Fructus Corni samples ana-
yzed were listed in Table 2. The HPLC chromatograms of standards
nd samples were shown in Fig. 2.

The results showed that the content of each compound in crude
rug, JZP and QZP varied significantly. For instance, for Fructus Corni
ollected from Henan, the content of gallic acid was lower in crude
rug (0.81 mg/g), but higher in JZP (3.06 mg/g) and QZP (3.16 mg/g),
-HMF was hardly detected in crude drug, with lower content in JZP
3.17 mg/g), but higher in QZP (5.62 mg/g), the contents of morro-
iside, loganin and cornuside in crude drug (15.46 mg/g, 8.28 mg/g
nd 6.28 mg/g) were higher than those in JZP (13.66 mg/g, 7.66 mg/g
nd 5.15 mg/g) and QZP (11.21 mg/g, 6.43 mg/g and 4.32 mg/g),
he content of sweroside in crude drug (0.63 mg/g) was lower
han those in JZP (0.71 mg/g) and QZP (0.94 mg/g). The varia-
ions might result from different processing procedures for Fructus
orni. It was reported that processing or heating could drastically

ncrease the content of 5-HMF [21] and tannin in Fructus Corni
as hydrolyzed to generate gallic acid owing to high temperature
22].
It could also be seen that the total contents of six compounds

aried slightly in the same type of samples from different suppliers,
hich might be due to the differences in soils and climates in each

egion. Thus it is necessary to control the main active components

[

[
[
[

iomedical Analysis 48 (2008) 194–197 197

n Fructus Corni by good agricultural practice (GAP) and the norm
f Chinese medicinal materials processing.

. Conclusion

An HPLC-DAD method has been developed to simultaneously
etermine six active components in Fructus Corni. This newly
stablished method is validated as simple, precise and accurate. It
an be used as a valid analytical method for intrinsic quality control
f Fructus Corni.

cknowledgement

This research was financially supported by the fund of national
cience and technology research item in “10th Five Year Plan”
2001BA701A11).

eferences

[1] Chinese Pharmacopoeia Commission, Pharmacopoeia of The Peoples Republic
of China, vol. I, Chemical Industry Press, Beijing, 2005, pp. 20.

[2] Q.F. Gong, Chinese Materia Medica Preparation, Chinese Publishing House of
Traditional Chinese Medicine, Beijing, 2003.

[3] B.H. Kroes, A.J. van den Berg, H.C. Quarles van Ufford, H. van Dijk, R.P. Labadie,
Planta Med. 58 (1992) 499–504.

[4] Y. Henis, H. Tagari, R. Volcani, Appl. Microbiol. 12 (1964) 204–209.
[5] H.I. El-Sissi, M.S. Ishak, M.S. El-Wahid, Planta Med. 21 (1972) 67–71.
[6] H. Xu, J. Shen, H. Liu, Y. Shi, L. Li, M. Wei, Can. J. Physiol. Pharmacol. 4 (2006)

1267–1273.
[7] R.X. Hu, X.Y. Rao, Chin. J. Clin. Hepatol. 4 (1988) 41–43.
[8] D.G. Kang, M.K. Moon, A.S. Lee, T.O. Kwon, J.S. Kim, H.S. Lee, Biol. Pharm. Bull.

30 (2007) 1796–1799.
[9] D.G. Kang, D.H. Choi, J.K. Lee, Y.J. Lee, M.K. Moon, S.N. Yang, T.O. Kwon, J.W.

Kwon, J.S. Kim, H.S. Lee, Planta Med. 10 (2007) 1436–1440.
10] Y. Nawa, J. Endo, T. Ohta, J. Cosmet. Sci. 58 (2007) 505–517.
11] Y. Chuda, H. Ono, M. Ohnishi-Kameyama, K. Matsumoto, T. Nagata, Y. Kikuchi,

J. Agric. Food Chem. 47 (1999) 828–831.
12] O. Abdulmalik, M.K. Safo, Q. Chen, J. Yang, C. Brugnara, K. Ohene-Frempong, D.J.

Abraham, T. Asakura, Br. J. Haematol. 128 (2005) 552–561.
13] S.P. Zhao, G.X. Fu, J. Sino-Janpan, Friendship Hosp. 12 (1998) 3–7.
14] X.F. Zhao, W. Wang, Y.Q. Sun, J. Shenyang Pharm. Univ. 20 (2003) 32–34.
15] S.F. Wang, X.G. Chen, Z.D. Hu, Y. Ju, Biomed. Chromatogr. 17 (2003) 306–311.
16] Z.L. Zhang, J. Li, C.X. Gao, W.N. Gao, Chin. Tradit. Pat. Med. 28 (2006) 1309–1310.
17] S.H. Gu, C. Xie, D. Zhang, S.L. Yang, L.Z. Xu, China J. Chin. Mater. Med. 21 (1996)

429–448.
18] Y. Pan, T.S. Wang, X. Zhang, S.P. Huang, B.C. Cai, J. Nanjing Univ. Tradit. Chin.
19] X.W. Du, L.L. Fan, J.H. Wang, X.Q. Zhang, J.W. Shan, China J. Chin. Mater. Med.
31 (2006) 1466–1467.

20] T. Hatano, T. Yasuhara, R. Abe, T. Okudat, Phytochemistry 29 (1990) 2975–2978.
21] F. Geng, X.J. Wang, Sci. World, Technol. Mod. Tradit. Chin. Med. 7 (2005) 52–56.
22] X. Ding, B.C. Cai, Chin. Tradit. Pat. Med. 28 (2006) 1597–1600.


	Simultaneous determination of six active components in crude and processed Fructus Corni by high performance liquid chromatography
	Introduction
	Experimental
	Samples, chemicals and reagents
	HPLC analysis
	Preparation of standard solutions
	Preparation of sample solutions

	Results and discussion
	Optimization of chromatographic conditions
	Calibration curves, limits of detection and quantification
	Precision, repeatability and stability
	Accuracy
	Sample analysis

	Conclusion
	Acknowledgement
	References


