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Abstract

Activity of Chinese Danggui (DG), the processed roofafjelica sinensifOliv.) Diels, is linked to the ferulic acid content but the stability
of ferulic acid during extraction for medicinal use is not known. The stabilities of ferulic acid and coniferyl ferulate were evaluated in the
extracts of DG using a variety of extraction solvents. These included various combinations and proportions of methanol, water, formic acid,
1M aqueous hydrochloric acid and 2% sodium hydrogen carbonate (NgHE@ater. Coniferyl ferulate was found liable to hydrolyze
into ferulic acid in neutral, strongly acidic and basic solvents, where heat and water could facilitate this hydrolysis. However, the hydrolysis
was relatively resisted in weakly organic acid. Based on the stability evaluation, two new terms, namely: free ferulic acid and total ferulic
acid, were suggested and defined. Free ferulic acid refers to the natural content of ferulic acid in herbs. Total ferulic acid means the sum
of free ferulic acid plus the amount of related hydrolyzed components. Meanwhile, the high-performance liquid chromatographic (HPLC)
method was developed to assay free ferulic acid and total ferulic acid in DG using methanol—formic acid (95:5) and methanol-2%NaHCO
water (95:5) as extraction solvents, respectively. Ten DG samples were investigated on their contents of free and total ferulic acid. The results
indicated that the amount variety of free ferulic acid was larger than that of their counterparts, and the ratio of total ferulic acid to free ferulic
acid was 4.0& 2.73 (meant SD,n=10). The chemical assay of DG using total ferulic acid content would be a better choice to assess the
herbal quality and was recommended.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction clinical trials, pre-clinical studies and traditional or modern
experiencef6—11].
Chinese Danggui (Radi&ngelicae SinensiDG) is the Ferulic acid was isolated from DG and was also found

processed root oA. sinensis(Oliv.) Diels, which is one in other plants[12—-14] Pharmacological studies showed
of the widely used traditional Chinese medicinal (TCM) that ferulic acid and/or sodium ferulate had been found to
materials to enrich blood, activate blood circulation, regulate inhibit platelet aggregation, increase coronary blood flow,
menstruation, relieve pain and relax bowels, etc. There arerelax or stimulate smooth muscle, possess anti-arrhythmic
over eighty composite formulae of TCM containing DG. affects, anti-oxidate, immunostimulate, anti-inflammatory
Furthermore, this herb is commonly used as a female tonic, effects, etc[2,6,15-19] Some of these bioactivities were
dietary supplements and one of the cosmetic ingredientsrelated to the medicinal functions of DG. Therefore, ferulic
sold in China, Europe, USA and/or other countrj2s5]. acid was widely used as one of the marker compounds to
Its medicinal value has been demonstrated by numerousassess the quality of DG and its prody@8-26] However,

the reported content of ferulic acid in DG varies within

the range of 0.211-1.43 mg/g, and which were quantified

* Corresponding author. Tel. +86 852 3411 5303; fax: +86 85234115317 Dy @ variety of methodsTeble ) [20-36]} Apart from
E-mail addressprofchan@hkbu.edu.hk (K. Chan). the variation in natural abundance among the samples, the
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Table 1

The variation in contents of ferulic acid fémgelica sinensigOliv.) Diels analyzed by the different methods in literatures

Extraction solvent Extraction method Analytical method Content (mg/g) Reference
Methanol Reflux TLC 1.08 27
Methanol Reflux HPLC 0.418-1.20 28
Methanol Sonication HPLC 0.423-1.03 20,21
Methanol Sonication CE 0.211-0.226 22
Methanol-formic acid (95:5) Immersion HPLC 0.425 29
Methanol-formic acid (95:5) Immersion TLC 0.529 30
Methanol—formic acid (95:5) Soxhlet TLC 0.673-1.17 23
Methanol-formic acid (95:5) Sonication HPLC 0.233-0.479 31
Agueous methanol Sonication HPLC 0.35-1.43 24
70% methanol Reflux HPLC 0.915-1.37 32
Ethanol Reflux HPLC 0.468 33
70% Ethanol Sonication CE 0.486-1.02 34
50% Ethanol Reflux HPLC 0.582-0.606 35, 36
Diethyl ether—methanol (20:1) Reflux HPLC 0.271 25
Water Reflux CE 0.415 26

nature of extraction solvents and methods were likely to be  This paper focuses mainly on studying the stability and
a critical cause. In the reported literatures, DG sample wasrelationship of ferulic acid with coniferyl ferulate, and devel-
commonly extracted using a variety of solvents, namely: oping a quantitative analysis method for the assay of ferulic
methanol, methanol-formic acid (95:5), ethanol, diethyl acidin DG sample. Firstly, ferulic acid and coniferyl ferulate
ether—methanol (20:1) and/or water under reflux, sonication, were identified in the HPLC chromatograms of DG extracts
immersion or soxhlet extractiofigble J) [20-36] However, based on the on-line HPLC-atmospheric pressure chemical
coniferyl ferulate, the ester of ferulic acid, was also found ionization (APCI)-MS and UV techniques. Then, the stabil-
in DG sample[37-39] Kobayashi et al. reported that ities of ferulic acid and coniferyl ferulate were examined in
coniferyl ferulate was liable to hydrolyze into ferulic acid extracts of DG samples by comparing their amounts using a
and coniferyl alcohol even if the pulverized sample of variety of solvent/solvent combination and extraction meth-
Cnidium officinaleMakino was heated in water for 1h ods. These solvents include methanol, methanol-formic acid,
(Fig. 1) [40]. According to this reported result, coniferyl methanol-formic acid—water, methanol-hydrochloric acid
ferulate is likely to be hydrolyzed in a variable extent in (HCI)in water, methanol-water, water and methanol-sodium
different extraction solvents and therefore resulting in a hydrogen carbonate (NaHGn water (Table 9. The results
variety of level of ferulic acid determined in herbs. Itis worth showed that coniferyl ferulate was liable to hydrolyze into
noting that TCM prescription is usually prepared and then ferulic acid in neutral, strongly acidic or basic media includ-
decocted in boiling water. In this regard, coniferyl ferulate in ing methanol, methanol-water, water, methanol-1 M HCl in
TCM prescription materials are being easily converted into water and methanol-2% of NaH@G@n water resulting in
ferulic acid during extraction with boiling water. Therefore, a variety amount of ferulic acid being determined when the
ferulic acid remained as the major chemical constituent in DG samples were extracted by different methods. However,
this aqueous extract. If this is true, ferulic acid should be the a relatively stable amount of ferulic acid could be obtained in
principal functional compound instead of coniferyl ferulate herb extracted with methanol-formic acid or methanol-2%
in DG material according to the TCM practice. Another NaHCG; in water.

concern is about the reported levels of ferulic acid in litera-  Based on the observation, two new terms, ‘free ferulic
tures which might not represent the natural content in herbsacid’ and ‘total ferulic acid’, were suggested and defined.
or the actual amount for medicinal functions. Therefore, Free ferulic acid means the freely available ferulic acid and
it is of top importance to examine the stability of ferulic represents the natural content of ferulic acid in herb. Total
acid in the different extraction conditions and to develop an ferulic acid is the sum of free plus the ferulic acid obtained
accurate method for ferulic acid in DG sample for its quality from hydrolysis of conjugated ferulate, which represents
assessment and evaluation of the therapeutic effect of DG. the amount of ferulic acid in medicinal function. Through a

0 (0]
| /U\
| N
/\/\/J\OH P | e O/\/ F HO = ‘
| - S
HO N HO S OH ~ on
(a) OCH; (b) OCH; OCH3 (c) OCH';

Fig. 1. Chemical structure of (a) ferulic acid, (b) coniferyl ferulate and (c) coniferyl alcohol.



G.-H. Lu et al. / J. Chromatogr. A 1068 (2005) 209-219 211
Table 2
Comparison of ferulic acid and coniferyl ferulate in the sampl@delica sinensigOliv.) Diels extracted with different solvents and methods
Number Solvent Method Temperature Time (min) Ferulic &cid Coniferyl ferulaté Ratid®
1 Methanol Sonication Ambient 100 1097 6915 159
2 Methanol Sonication 5aC 100 1422 3151 454
3 Methanol Reflux Boiling 60 1445 527 2744
4 Methanol Reflux Boiling 120 1463 468 3131
5 Methanol Reflux Boiling 180 1657 47 35108
6 Methanol-formic acid (99:1) Sonication Ambient 100 b6 12005 0.55
7 Methanol-formic acid (95:5) Sonication Ambient 100 6565 12056 0.55
8 Methanol-formic acid (90:10) Sonication Ambient 100 @81 11883 0.57
9 Methanol-formic acid—water (90:5:5) Sonication Ambient 100 707 12271 0.58
10 Methanol-formic acid (99:1) Sonication 50 100 6933 11634 0.60
11 Methanol-formic acid (95:5) Sonication 50 100 7207 11641 0.62
12 Methanol-formic acid (90:10) Sonication 80 100 7566 11553 0.65
13 Methanol-formic acid—water (90:5:5) Sonication  °80 100 7512 11365 0.66
14 Methanol-1 M HCI (95:5) Sonication Ambient 100 1281 4818 2.66
15 Methanol-1 M HCI (90:10) Sonication Ambient 100 1396 5105 274
16 Methanol-1 M HCI (95:5) Sonication 5C¢ 100 15017 818 1836
17 Methanol-water (95:5) Sonication Ambient 100 1539 5455 227
18 Methanol-water (90:10) Sonication Ambient 100 1389 5196 248
19 Methanol-water (85:15) Sonication Ambient 100 1929 5081 262
20 Methanol-water (80:20) Sonication Ambient 100 1860 3659 4.26
21 Methanol-water (70:30) Sonication Ambient 100 1800 1368 1243
22 Methanol-water (95:5) Sonication 50 100 16340 1202 1359
23 Methanol-water (95:5) Reflux Boiling 60 1616 221 7594
24 Methanol-water (95:5) Reflux Boiling 120 1698 23 74507
25 Water Sonication Ambient 100 523 ¢ N/A
26 Water Sonication 50C 100 10818 ¢ N/A
27 Water Reflux Boiling 120 1138 ¢ N/A
28 Methanol-2% NaHC®in water (99:1) Sonication Ambient 100 1638 250 6593
29 Methanol-2% NaHC®in water (97:3) Sonication Ambient 100 1629 ¢ N/A
30 Methanol-2% NaHC®in water (95:5) Sonication Ambient 100 17684 ¢ N/A
31 Methanol-2% NaHC®in water (93:7) Sonication Ambient 100 1633 ¢ N/A
32 Methanol-2% NaHC®in water (90:10) Sonication Ambient 100 1647 ¢ N/A

N/A: not applicable.
2 Specific peak area. The value is the ratio of peak area to sample weight, mAU s/g.
b Ratio of the peak area of ferulic acid to coniferyl ferulate.

¢ Not detected.

series of method validation, two new HPLC methods were indicated that the variety of the content of free ferulic acid
developed to quantitatively analyze free ferulic acid and in herbs were generally larger than that of total ferulic acid,
total ferulic acid in DG samples, respectively. Altogether 10 and the average amount of total ferulic acid was more than
DG samples including four whole roots, two root heads, two four times of that of free ferulic acid. Total ferulic acid
rootlets and two slices were investigated on their contents of should be a better chemical marker for assessment of herbal

free ferulic acid and total ferulic acid@ble 3. The results quality.

Table 3

Contents of free ferulic acid and total ferulic acid in the sample&rgfelica sinensigOliv.) Diels

Sample (voucher number) Sampling part Source Free ferulié acid Total ferulic acid Ratid®
1 (020118-09) Whole root Minxian, Gansu, China 0.129.002 1.21+ 0.007 9.73
2 (020407-01) Whole root Dangchang, Gansu, China 087004 0.899+ 0.002 2.38
3(030328-02) Whole root Pingwu, Sichuan, China 0.358.001 1.26+ 0.036 3.53
4 (020812-01) Whole root Diging, Yunnan, China 0.1¥2.004 0.956+ 0.009 5.56
5 (020407-16) Root head Minxian, Gansu, China 0.180.004 0.588&+ 0.007 3.20
6 (020118-11) Root head Weiyuan, Gansu, China 0-£0m001 0.767+ 0.010 7.67
7 (020407-17) Rootlet Minxian, Gansu, China 0.369.001 1.09+ 0.007 3.08
8 (020407-03) Rootlet Dangchang, Gansu, China 0882009 0.942+ 0.008 2.45
9 (020407-18) Root slice Minxian, Gansu, China 0.529.006 0.811+ 0.003 1.53

10 (020407-08) Root slice Weiyuan, Gansu, China 0.296.004 0.477+ 0.001 1.61

2 The value is meatt SD (n=4), mg/g. The value is expressed in three significant figures.
b The value is the ratio of the content of total ferulic acid to that of free ferulic acid in herbs.
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2. Experimental in April 2002. Sample 4 was a commercial product from
Diging Pharmaceutical Company (Yunnan, China), and was
2.1. Instrumentation provided by Professor Hao Zhang (West China School of

Pharmacy, Sichuan University, Chengdu, China) in June

An Agilent/HP 1100 series HPLC-DAD system con- 2002. Sample 3 was harvested in November 2002 and dried
sisting of a vacuum degasser, binary pump, autosampler,in the shade by Professor Liang Li (Institute of Mianyang
thermostated column compartment and diode array de-Traditional Chinese Medicine, Sichuan, China).
tection (DAD) (Agilent, Palo Alto, CA, USA) was used
for acquiring chromatogram, UV spectra and 3D-plots 2.4. Preparation of standard solution for calibration
of retention time-absorbance-wavelength. An Applied and linearity studies
Biosystems/PE-SCIEX API 365 LC-MS-MS system with
atmospheric pressure chemical ionization source (Applied  For assay of free ferulic acid, the stock solution of
Biosystems, Foster City, CA, USA) was used for mass spec-ferulic acid was prepared at a concentration of 100 mg/L in
trometric measurements. A Branson 5210E-MTH ultrasonic methanol—formic acid (95:5). Calibration standard solutions
processor (Branso ultrasonics corporation, CT, USA) was were prepared in the concentration range of 1-15 mg/L with
used for sample extraction. An Alltimasgcolumn (5p.m, methanol—formic acid (95:5). For assay of total ferulic acid,
250 mmx 4.6 mm) with a suitable guard column {§  the stock solution of ferulic acid was prepared at a concentra-
S5um, 7.5mmx 4.6mm) was used for chromatographic tion of 500 mg/L in methanol-2% NaHGGn water (95:5).
analysis. The mobile phase consisted of 1.0% acetic acidCalibration standard solutions were prepared in the concen-
in water (A) and acetonitrile 8) using a gradient program  tration range of 5-45 mg/L with methanol-2% NaHgi@
of 19% B in 0-18min, 19-100%B in 18-60min and  water (95:5). An aliquot of 1L solution for each cali-
100%B in 60-75min. The flow rate was 1.0mL/min and pration standard solution was injected for HPLC analysis.
column temperature was maintained at @0 DAD detector ~ The calibration curve was constructed by plotting the peak

was set at 320nm for acquiring the chromatogram. UV areas of the analyte against the concentration of ferulic
spectra were acquired from 200 to 400 nm. The APCI-MS a¢id.

spectra were acquired in both the positive and negative
ion mode. 2.5. Sample preparation

2.2. Solvents and chemicals Representative samples were cut into smaller pieces and
) _ further grounded into powder, and passed through a 20-mesh
Analytical grade of methanol (Labscan, Bangkok, Thai- (9. 9 mm) sieve. The grounded powders were stored at about
land), formic acid, sodium hydrogen carbonate (Unichem, 4oc pefore use.
Warsaw, Poland) and hydrochloric acid (Farco, Beijing,  For assay of free ferulic acid, 0.5 g of sample powder was
China) were used for preparation of standard and/or sample;ccyrately weighed and transferred into a 60 mL amber vial.
solutions. HPLC grade acetonitrile (Labscan, Bangkok, Tyenty-five milliliters of methanol—formic acid (95:5) was
Thailand) and analytical grade of glacial acetic acid added and sonicated for 100 min. The extract was normalized
(Unichem, Warsaw, Poland) was used for preparation of t4 25 mL by adding additional extraction solvent. The extract
mobile phase. Deu_)r_nzed water was obtained from a M|II_|-Q was filtered through a 0;2m membrane filter. An aliquot
water system (Millipore, Bedford, MA, USA). Ferulic 4 10,1 solution was injected for HPLC analysis. Sample
acid was obtained from the Institute for the Control of duplicates were prepared.

Pharmaceutical and Biological Products of the People’s For assay of total ferulic acid, the sample preparation was

Republic of China (Beijing, China). made under similar treatment as the assay of free ferulic acid
) except replacing the extraction solvent with methanol-2%
2.3. Plant materials NaHCQO; in water (95:5).

Herb samples oA. sinensiqOliv.) Diels were collected
from various cultivation areas in China. Sample voucher 3. Results and discussion
number, source and sampling part were summarized in
Table 3 Voucher Specimens were preserved at the Schoo|3.1. Identification of ferulic acid and Coniferyl ferulate
of Chinese Medicine, Hong Kong Baptist University (Hong
Kong, China). Samples 1 and 6 were collected in November ~ Ferulic acid was identified in the HPLC chromatogram
2001 and dried in shade. Sample 1 was harvested in Minxian,of DG extracts by spiking authentic standard and compared
Gansu, China whilst sample 6 was purchased in one of thetheir UV and APCI-MS spectra. Owing to the unavailabil-
markets in Weiyuan, Gansu, China. Samples 2, 5, 7—10ity of authentic compound, the identification of coniferyl
were collected and supplied by Gansu Shengtai Traditional ferulate in the chromatogram was based on the on-line
Chinese Medicine Development Limited (Gansu, China) HPLC-APCI-MS and UV spectifd1].
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3.2. Stability of ferulic acid and coniferyl ferulate 250

Both ferulic acid and its ester, coniferyl ferulate, are coex-
isting in DG[37-39] Kobayashi et al. reported that coniferyl
ferulate was readily hydrolyzed into ferulic acid and coniferyl
alcohol that would be easily decompodédad]. In literature,

a variety of extraction solvents and conditions had been em- :
ployed in the determination of ferulic acid in DG samples.
The content of ferulic acid was found to be within the range of
0.211-1.43 mg/gTable 7 [20-36] It was suggested that the
significant variation in contents of ferulic acid was probably
attributed in a certain extent to the difference in sample prepa-
ration and extraction procedures. In this study, the stabilities
and levels of ferulic acid and coniferyl ferulate in the different 0
extractlor] copdltlons were examined. Aqueous methanolic 5 i W B a i & &
solvents in different pH values had been employed for ex- RemHHon G

traction by sonication or refluxéble 9. Although coniferyl

ferulate standard was not available, specific peak area (peaksig. 2. Chromatograms of the root sigelica sinensigOliv.) Diels ex-
area/sample weight, mAU s/g) was used for the assay purposéracted with methanol by sonication for 100 min at (1) ambient temperature
in this study. and (2) 50C, reflux for (3) 60 min, (4) 120 min and (5) 180 min, respec-

For the evaluation of optimal extraction time. a compar- tively. (a) Ferulic acid; (b) coniferyl ferulate (analytical column: Alltima
. . L . ! Cig, 5pm, 250 mmx 4.6 mm; guard column: £g, 5um, 7.5 mmx 4.6 mm;
ative study of different sonication time, namely, 20, 40, 60, injected sample volume: 36L; mobile phase: 1.0% acetic acid in water
80, 100, 120 and 150 min, was conducted by sonication at(A) and acetonitrile B) using a gradient program of 19%in 0-18 min,
ambient temperature using the ultrasonic processor. Results9-100%B in 18-60 min and 10098 in 6075 min; flow rate: 1.0 mL/min;
showed that after extraction for 40 min, the amounts of ferulic temperature: 30C; measured at UV 320 nm.).
acid were not obviously changed further in these extracts. ) _ _ _ _ _
Considering the possible difference in the nature of herbal coniferyl ferulate to ferulic acid could be visualized in the
samples, a duration of 100 min was chosen as the optimal3D-plots of retention time—absorbance—-wavelengig.(3).
extraction time for sonication extraction whilst 60 min was ~ The stabilities of ferulic acid and coniferyl ferulate in
selected as the optimal extraction time under refluxed condi- Methanolic extract during storage were further evaluated.
tion to ensure the quantitative extraction of ferulic acid. DG sample was extracted with methanol by sonication for
The stabilities and amounts of ferulic acid and coniferyl 100 min at ambient temperature. The amounts of ferulic acid

ferulate with different extraction conditions are described as and coniferyl ferulate were determined in the sample over

200

£ 100

50

Absorbance (mAU
2
? ——— %L; I~

?‘%:?‘?‘

follows: the storage period of 0.7-127 h after sonication. By compar-
ing peak areas of ferulic acid and coniferyl ferulate, the peak
3.2.1. Sample extraction with methanol area of ferulic acid was increased by 60.5% at 127 h with

Methanol was the most commonly used extraction solvent the RSD of 19.0%r(=11) while that of coniferyl ferulate
in the assay of ferulic acid in herbs in literatures. DG samples Was decreased by 58.1% with the RSD of 26.196 (1)
were usually extracted with methanol by sonication for (Fig. 4A). Itindicated that coniferyl ferulate was relatively
20-30 min or under reflux for 3 HT&ble ) [20—22,27—28] unstable and readily decomposed into ferulic acid whilst the
In this study, the amounts of ferulic acid and coniferyl amount of ferulic acid was almost quantitatively increased in
ferulate were compared in the methanolic extracts of DG the methanolic extracts during storage.
by sonication for 100 min at ambient temperature, G0
and reflux for 60, 120 and 180 min, respectivelalfle 2 3.2.2. Sample extraction with methanol-formic acid
numbers 1-5). InFig. 2, the remarkable differences in Methanol-formic acid (95:5) was another widely used
levels were observed in the chromatographic patterns. Thesolvent for the assay of feruilic acid in DG sample in some
results showed that their extracts were obviously different recent publications Table ) [23,29-31] The amounts
in relative levels. The differences among the two extremities of ferulic acid and coniferyl ferulate in DG extracts were
in specific peak areas were 1.5 times for ferulic acid and evaluated with methanol-formic acid (99:1, 95:5 and 90:10)
147.1 times for coniferyl ferulate. The ratios of peak area of and methanol-formic acid—water (90:5:5) by sonication
ferulic acid to coniferyl ferulate were also ranging from 1.59 for 100 min at ambient temperature and°8l) respectively
to 351.1. It indicated that coniferyl ferulate was unstable (Table 2 numbers 6-13). The results showed that the
in methanol at elevated temperatures. In general, the higherchromatographic pattern of DG samples were similar
the extraction temperature was, the more coniferyl ferulate (Fig. 5). The RSD of the specific peak area were 5.3%4 8)
were hydrolyzed and hence the larger peak area of ferulicfor ferulic acid and 2.6%n=8) for coniferyl ferulate in
acid was being observed. This chemical transformation of these extracts. The ratio of the peak area of ferulic acid to
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Fig. 3. 3D-plots of retention time-absorbance-wavelength of the raahgelica sinensigOliv.) Diels extracted with methanol by (A) sonication for 100 min
at ambient temperature and (B) reflux for 3 h, respectively. (a) Ferulic acid; (b) coniferyl ferulate (analytical column: Algirbg.@, 250 mmx 4.6 mm;
guard column: @g, 5pm, 7.5 mmx 4.6 mm; injected sample volume: l); mobile phase: 1.0% acetic acid in watév)@nd acetonitrileB) using a gradient
program of 19%B in 0-18 min, 19—10098 in 18—60 min and 10098 in 60—75 min,; flow rate: 1.0 mL/min; temperature:<3D; wavelength: 250-400 nm).

coniferyl ferulate was relatively constant at 0.590.044 (95:5) (Table 2 numbers 1-2), and that of coniferyl ferulate
(meant- SD, n=8). It indicates that the extent of hydrolysis were 37.4% in methanol and 63.9% in methanol-water
of coniferyl ferulate can be minimized in methanol—-formic (95:5) (Table 2 numbers 17 and 22). It indicated that formic
acid. Although elevated extraction temperature can facilitate acid could minimize the hydrolysis of coniferyl ferulate
the hydrolysis of coniferyl ferulate, the hydrolysis is not even in variable temperatures.

significant in methanol—formic acid. The absolute deviation ~ To examine the influence of the water content in
from mean (ADM) of specific peak area in the extracts of methanol-formic acid to the stabilities of ferulic acid and
methanol-formic acid by sonication for 100 min at ambient coniferyl ferulate, the amounts of ferulic acid and coniferyl
temperature and 5@ were 3.76% r{=3) for ferulic acid ferulate in the extracts of methanol-formic acid (95:5)
and 2.14% 1= 3) for coniferyl ferulate Table 2 numbers and methanol—formic acid—water (90:5:5) by sonication for
6—8 and 10-12). However, the corresponding ADM of ferulic 100 min at ambient temperature and °&0 were deter-
acid were 13.1% in methanol and 13.7% in methanol-water mined. The results showed that the ADM of specific peak
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Fig. 4. Peak areas of (a) ferulic acid and (b) coniferyl ferulate in the sample
solutions of (A) methanol and (B) methanol-formic acid (95:5), respec-
tively after storage for different time, which were extracted by sonication
for 100 min at ambient temperature.

area in the extracts with methanol-formic acid (95:5) and
methanol-formic acid—water (90:5:5) were 2.56% @) for
ferulic acid and 0.13%(= 2) for coniferyl ferulate Table 2
numbers 7, 9, 11 and 13). It indicated the effect of the wa-
ter content on the hydrolysis was not significant in this weak
organic acid.

Furthermore, the stabilities of ferulic acid and coniferyl
ferulate in the extract of methanol-formic acid (95:5)
by sonication for 100 min at ambient temperature during

storage were evaluated. The extract was analyzed in a
storage period of 0.6-117 h after sonication. By comparing :
the chromatographic peak areas, the peak area of ferulic acigracts with methanol

was slightly increased with RSD of 1.18% % 12) while
that of coniferyl ferulate acid was slightly decreased with
RSD of 3.07% §=12) (Fig. 4B). It indicated that ferulic
acid and coniferyl ferulate were relatively stable for up to
five days in this medium. It is suggested that the weakly
acidic solution suppresses coniferyl ferulate hydrolyzing

into ferulic acid and maintains a relative balance between the

chemical constituents. In this regard, the amount of ferulic
acid extracted with methanol—formic acid (95:5) should be
considered as the naturally occurring amount existing in
the herbs.
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Fig. 5. Chromatograms of the root #ingelica sinensigOliv.) Diels ex-
tracted with methanol-formic acid at ratio of (6) 99:1, (7) 95:5, (8) 90:10
and (9) methanol-formic acid—water (90:5:5) by sonication for 100 min at
ambient temperature, and with methanol-formic acid at ratio of (10) 99:1,
(11) 95:5, (12) 90:10 and (13) methanol-formic acid—water (90:5:5) by son-
ication for 100 min at 50C. (a) Ferulic acid; (b) coniferyl ferulate (analyt-
ical column: Alltima Gg, 5pm, 250 mmx 4.6 mm; guard column: £g,
5wm, 7.5 mmx 4.6 mm; injected sample volume: fl; mobile phase:
1.0% acetic acid in wate) and acetonitrileB) using a gradient program

of 19%B in 0—18 min, 19-10098 in 18—60 min and 10098 in 60—75 min;

flow rate: 1.0 mL/min; temperature: 3C; measured at UV 320 nm).

3.2.3. Sample extraction with methanol-hydrochloric
acid

In order to examine the effect of strong acid on the stabil-
ity of coniferyl ferulate, methanol-1 M HCI in water (95:5
and 90:10) as extraction solvent for DG sample was exam-
ined by sonication for 100 min at ambient temperuature and
50°C, respectively Table 2 numbers 14-16). The specific
peak areas of ferulic acid in the extracts with methanol-1 M
HCI in water were about two times larger than that in the
extracts with methanol-formic acid whilst the specific peak
areas of coniferyl ferulate in the extracts with methanol-1 M
HCI were only about one-third of that in the extracts with
methanol-formic acid. The ratio of the peak area of ferulic
acid to coniferyl ferulate in the extracts with methanol-1 M
HCI in water was about 13 times larger than that in the ex-
—formic acidiéble 2 numbers 6-16).
It indicated that coniferyl ferulate was partially hydrolyzed
in methanol-1 M HCI in water. At an elevated temperature
(50°C), most of coniferyl ferulate was hydrolyzed in the ex-
tract of DG with methanol-1 M HCI in water (95:5). The re-
sults revealed that coniferyl ferulate was liable to hydrolyze

into ferulic acid in a strongly acidic medium.

3.2.4. Sample extraction with methanol-water

Aqueous methanol and 70% methanol were used as
extraction solvents for the assay of ferulic acid in DG
sample in literaturesTable ) [24,32] The effect of the
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water content in the extraction medium to the stabilities 250 r
of ferulic acid and coniferyl ferulate were examined by
addition of water into methanol. DG samples were extracted a
with six different ratio of methanol to water by sonication 2008
for 100 min at ambient temperatur@aple 2 numbers 1 - _,Ul \L M N
and 17-21). The results showed that the specific peak areaf’; 1s0f b=
of ferulic acid increased by 54.9% whilst the specific peak J- i
area of coniferyl ferulate decreased by 80.2% for extraction :
medium with 30% water. It indicated that water facilitated 100 - M ‘-
the hydrolysis of coniferyl ferulate in methanol. - —
‘JL |
10 ll:'s 20 25 30 35 40 45 50
Retention time (min)

Absorbance (n

The effect of different extraction methods to the stability
of ferulic acid and coniferyl ferulate was also examined in the
extracts of methanol-water (95:5). Samples were sonicated

for 100 min at ambient temperature, 8Dand being refluxed 0
for 1 and 2 h Table 2 numbers 17, 22—-24). It was found that

the hydrolysis of coniferyl ferulate was more significant at
elevated temperatures.

Fig. 6. Chromatograms of the root éihgelica sinensigOliv.) Diels ex-
3.2.5. Sample extraction with water tracted with methanol-2% of NaHGGOn water at ratio of (28) 99:1, (29)
Since TCM decoctions were a|Ways prepared in water, 97:3, (30) 95:5, (31) 93:7 and (32) 90:10 by sonication for 100 min at am-

water was also used as one of the extraction solvents for theb'em_ temperature. (a) Ferulic acid; (b) co_nlferyl ferulate .(analytlcal col-
umn: Alltima Gg, 5pm, 250 mmx 4.6 mm; guard column: {g, 5um,

assay of ferulic acid in DG sample by capillary electrophore- 7 5. 4.6 mm: injected sample volume: f; mobile phase: 1.0%

sis (CE) in literaturesTable J) [26]. The stabilities of ferulic acetic acid in waterA) and acetonitrile B) using a gradient program of
acid and coniferyl ferulate in water extracts were examined 19%B in 018 min, 19-10098 in 18—60 min and 10098 in 60—75 min;

in this study. DG samples were extracted with water by son- flow rate: 1.0 mL/min; temperature: 3C; measured at UV 320 nm).

ication for 100 min at ambient temperature,”&8and reflux o )

for 2h (Table 2 numbers 25-27). The specific peak area of and strongly acidic .medla. .Elevated temperature and.water
ferulic acid was different. The higher the extraction temper- contentcan also facilitate this hydrolysis. However, coniferyl
ature was, the more ferulic acid was determined. However, ferulate is relatively stable in a weakly organic acid. As
coniferyl ferulate was not observed in these extracts, which ferulic acid is a weak acid, it is suggested that the amount
indicated that ferulic acid remained the principal bioactive Of ferulic acid extracted with a weak organic acid is freely
contributing to the therapeutic effect of DG in TCM practices., 2vailable in herbs and is defined as ‘free ferulic acid'. This
Further research works are required to clarify their pharma- May represent the natural amount of ferulic acid existing in

cological effects. herbs. The sum of free ferulic acid and the ferulic acid from
hydrolysis of conjugated ferulate, such as coniferyl ferulate,
3.2.6. Sample extraction with weakly basic solvent is defined as ‘total ferulic acid’. Total ferulic acid is likely to

All of the above results showed that coniferyl ferulate P€ one of the indicators of medicinal value in herbs.
was easily hydrolyzed into ferulic acid. It was suggested that
coniferyl ferulate could be easily hydrolyzed in weakly basic 3.4. Quantitative analysis
solvent. Methanol-2% NaHC{n water at different ratios
was used as extraction solvents by sonication for 100 min at  Although coniferyl ferulate may be a bioactive compound
ambient temperaturd@éble 2 numbers 28-3%Fig. 6). The activating the blood circulation and removing blood stasis
results showed that coniferyl ferulate was not observed in [42], it is unstable and is readily hydrolyzed into ferulic acid
these extracts except in the extract of methanol-2% NaHCO in neutral, basic or strongly acidic solvents. As a general
in water (99:1) Fig. 6, number 28). A large peak of ferulic ~ practice, TCM materials are usually decocted in boiling wa-
acid at specific peak area of 1666:28.8 (meant SD,n=>5) ter resulting in the conversion of coniferyl ferulate into ferulic
was determined in these extracts. The results demonstratedcid. Therefore, it would be appropriate to assume that ferulic
that coniferyl ferulate was readily hydrolyzed into ferulicacid acid was the functional component contributing to the thera-

in a weakly basic solvent and hence a large amount of ferulic peutic effect of DG in TCM practices. In this study, both free
acid could be determined. ferulic acid and total ferulic acid were determined in ten DG

samples.
3.3. Definition of free ferulic acid and total ferulic acid
3.4.1. Selection of extraction solvent and measurement
Literatures and the above results show that both ferulic wavelength
acid and coniferyl ferulate exist in DG. Coniferyl ferulate For the assay of free ferulic acid in DG sample,
is readily hydrolyzed into ferulic acid in neutral, basic methanol-formic acid (95:5) was chosen as the extraction
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Fig. 7. Chromatograms of the root éingelica sinensigOliv.) Diels ex-
tracted with (A) methanol-formic acid (95:5) and (B) methanol-2% of
NaHCG; in water (95:5) by sonication for 100 min at ambient temperature.
(a) Ferulic acid; (b) coniferyl ferulate (analytical column: AlltimaggZ5 um,

250 mmx 4.6 mm; guard column: {3, 5pm, 7.5mmx 4.6 mm; injected
sample volume: 10.L; mobile phase: 1.0% acetic acid in watey)(and
acetonitrile B) using a gradient program of 198in 0—18 min, 19-100%

B in 18—-60 min and 10098 in 60—75 min; flow rate: 1.0 mL/min; tempera-
ture: 30°C; measured at UV 320 nm).

solvent based on the stability study. Although coniferyl fer-
ulate could be fully hydrolyzed to ferulic acid in DG sample
powder with methanol by reflux of more than 3 h, or with
methanol-2% NaHCgin water (95:5) by sonication atambi-
ent temperature for 60 min, methanol-2% NaHG®water
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respectively. Itindicated that ferulic acid was relatively stable
in methanol-formic acid (95:5) and methanol-2% NaHCO
in water (95:5). The stability finding of free ferulic acid was
generally agreed with the observation made in Se@iar2

The corresponding maximum absorption of ferulic acid
and coniferyl ferulate were located at UV 323 and 318 nm,
respectively by HPLC—-DAD analysis. The peak area of fer-
ulic acid measured at 320 nm was estimated as29.B9%
(meant- RSD, n=5) to that of 323 nm whilst the peak area
of coniferyl ferulate measured at 320 nm was calculated as
100.04+0.12% f=5) to that of 318 nm. It indicated that the
loss in sensitivity was not significant for ferulic acid and
coniferyl ferulate measured at 320 nm with respect to their
maximum UV absorptions. In order to detect ferulic acid and
coniferyl ferulate simultaneously, UV at 320 nm was chosen
as measuring wavelength in this study. In fact, UV 320 nm
was also chosen as measuring wavelength for the assay of
ferulic acid in literature$21,35]

3.4.2. Linearity and calibration graphs

Ferulic acid was quantified in DG samples using exter-
nal standard calibration method with reference marker. As
two solvent systems were used for extracting free ferulic
acid and total ferulic acid, two sets of calibration curve
for the assay of free ferulic acid and total ferulic acid
were prepared by dissolving standards of ferulic acid in
methanol-formic acid (95:5) and methanol-2% NaHCO
in water (95:5), respectively in order to match the ma-
trix for chromatography. Both of them showed linearity
over the selected concentration ranges from 1.00-15.01 mg/L
in methanol-formic acid (95:5) and 5.16-46.42mg/L in
methanol-2% NaHC® in water (95:5). The linear re-
gression equations of the calibration curves were calcu-
lated to beysee=55.479X — 2.5757 with correlation coeffi-
cientR? =0.9996 (1= 7) andyiotal = 55.884& — 9.9054 with
R2=0.9992 (1=6). The method limits of detection, for the
assay of free ferulic acid and total ferulic acid in DG sam-
ple were approximately 121.2 and 148.@/mL in sample
solution (corresponding to 6.00 and 7;3d/g ferulic acid
in the herbs) at a signal-to-noise ratio of 3, respectively.

(95:5) was recommended as extraction solvent for the assayResults also indicated that there was no solubility prob-
of total ferulic acid in DG sample because of its ease of han- lem or UV absorbance difference for ferulic acid standard
dling in terms of operational procedures. The chromatogramsin methanol—formic acid (95:5) and methanol-2% NaHCO
for the assay of free ferulic acid and total ferulic acid were (95:5) in water. A plot of the concentration range from 1.00
shown inFig. 7. t0 46.62 mg/L in the two solvents versus peak areas also gave
The stability of ferulic acid in storage was evaluated by linearityy=55.82& — 6.5268 withRZ =0.9995 1= 13).
dissolving ferulic acid in methanol—formic acid (95:5) and
methanol-2% NaHC®in water (95:5). Two DG samples 3.4.3. Method validation
were also extracted according to the above procedures. The Method reproducibility and repeatability were evaluated
amounts of ferulic acid in these solutions were determined by seven replicated analysis of standard solution and solid
after storage for 0, 5, 10, and 24 h, 2, 6 and 19 days, respecsample, respectively. Precisions of free ferulic acid and total
tively. The RSD of ferulic acid content in methanol-formic ferulic acid for seven replicated injections of standard solu-
acid (95:5), methanol-2% NaHG@ water (95:5), free fer-  tion were found to be 0.37 and 0.92% RSD=(7), respec-
ulic acid in extract of methanol—-formic acid (95:5) and total tively. The RSD of the content of free ferulic acid and total
ferulic acid in the extract of methanol-2% NaHg@ water ferulic acid in solid samples replicated were estimated to be
(95:5) were found to be 2.85, 1.49, 3.54 and 1.594 1), 1.53 and 0.69%rn(=7), respectively.
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The recovery and bias of ferulic acid were determined that ferulic acid rather than coniferyl ferulate is the func-
by spiking the sample with different concentration levels, tional compound contributing to the therapeutic effect of DG
namely 50, 100 and 150% of ferulic acid in the samples. For in TCM decoction. However, further research works are re-
the assay of free ferulic acid, the recoveries were estimatedquired to clarify their pharmacological effects. The results
to be 93.15+1.30%, 95.66t 3.69% and 101.56 1.19% on the amounts of free ferulic acid and total ferulic acid in
(Mean+ RSD, n=3), respectively. The overall recovery ten DG samples showed that the chemical assay of herbs us-
was 96.18t 4.20% (=9). Similarly, the recoveries for as- ing total ferulic acid content would be a better choice for the
say of total ferulic acid were calculated as 97417.92%, quality assessment of the herb.
98.25+ 1.06% and 98.23 4.12% 6= 3), respectively. The
overall recovery was 97.882.03% 6=9).
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