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Abstract 'H-Nuclear magnetic resonance (NMR) spectrometry was applied to the quantitative analysis of coumarins in the
roots of Angelica gigas without any chromatographic purification. The experiment was performed by the analysis of each
singlet germinal methyl, which was well separated in the range of 1.0-2.0 ppm in the '"H-NMR spectrum. The quantity of the
compounds was calculated by the ratio of the intensity of each compound to the known amount of internal standard (dimethyl
terephthalate). These results were compared with the conventional gas chromatography (GC) method. The contents of
decursin and decursinol angelate in 4. gigas were determined 1.98+0.07, 1.13+0.08% in quantitative "H-NMR method and
2.06+0.24, 1.17+0.24% in GC method, respectively. The advantages of quantitative 'H-NMR analysis are that can be
analyzed to identify and quantify, and no reference compounds required for calibration curves. Besides, it allows rapid and
simple quantification for coumarins with an analysis time for only 10 min without any preprocessing.
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Introduction

There have been increasing interests in the natural products
as sources of new drugs and functional foods in the past
several years (1-4). For the quality control (QC) of these
products, it needs to quantify the effective compounds in
natural products and its products (5). Especially, when it
uses natural products in functional foods, the quantity of
reference compounds is necessary for safety, nutrition, and
quality (6). Therefore, we must achieve the purpose using
the quantitative analysis of reference compounds in the
sources with the analytical instruments.

For the determination of the quantity of standard
compounds in natural products, we have used high
performance liquid chromatography (HPLC) and gas
chromatography (GC) up to the present, generally (7,8).
But, it needs to prepare organic solvents with degassing
and filtration, preprocessing of samples and standard
compounds using HPLC analysis (9). Moreover, GC
analysis required elaborated clean up processes and
derivatization procedures in order to enhance sensitivity
and to remove compounds that can be interfere with the
detection of the target compounds (10). For that reasons, an
alternative method for the analysis of reference compounds
from natural products would be highly desirable.

Nuclear magnetic resonance (NMR) spectrometry is one
of the most important and widespread analytical method
for elucidation of the molecular structure of purified
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compounds. Recently, NMR is applied as quantitative
spectroscopic tool on the basis of theoretical backgrounds
that the intensity of a resonance line is directly proportional
to the number of resonant nuclei (spins) (1,11). The
advantages of quantitative NMR (qNMR) are the ease of
sample preparation, relatively short measuring time, and its
non-destructive characters. Also, it is no need for intensity
calibrations of reference compounds in case of determination
of ratios (11). For example, some researchers have developed
into quantitative analysis using 'H-NMR spectrometry in
recent years. Choi ef al. (12) have analyzed the amount of
ginkgolic acids from ginko leaves and products, and retinol
and retinol palmitate in vitamin tablets (13). Song ef al. (9)
have quantified #-cinnamaldehyde in Cinnamomum cassia
using "H-NMR spectrometry. In cider apple juices, Berregi
et al. (14) have determined contents of (-)-epicatechin
without any preparations. In the previous paper, we
quantitatively analyzed paeoniflorin, the major component
of the roots of Paeonia lactiflora, with direct extraction as
deuterated solvent (15).

Angelica gigas (danggwi), which belongs to the family
of Umbelliferae, has long been used as a traditional
medicine not only for treatment of anemia but also as a
sedative, and anodyne or a tonic agent (16,17). A. gigas has
been studied extensively and are shown to contain a variety
of substances including coumarins (18). Decursin and
decursinol angelate, the structure isomer (pyranocoumarin)
each other, are the main coumarin constituents in the roots
of 4. gigas (19). Decursin and decursinol angelate displayed
toxic activity against various human cancer cell lines
(20,21) and antagonized against the voluntary activity in
mice (22). Decursin exhibited significant prolongation of
hexobarbital-induced hypnosis as well as significant inhibition
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of hepatic microsomal drug metabolizing enzyme activities
(23). The contents of decursin in domestic 4. gigas is more
than A. acutiloba which cultivated in Japan (24).

The methods for analysis of decursin and decursinol
angelate from A. gigas include HPLC (19,25,26) and GC
(27). However, HPLC and GC analysis wasted to equilibration
time and organic solvents and more preprocessing. Therefore,
an alternative method for the analysis of decursin and
decursinol angelate from 4. gigas would be highly desirable.

In this paper, 'H-NMR spectrometry was applied to the
quantitative analysis of coumarins from 4. gigas. In
addition, the results obtained from quantitative 'H-NMR
method were compared with those from conventional GC
method.

Materials and Methods

Plant material The roots of A. gigas were purchased
from a dispensary of herbal medicine, Suwon, Korea, in
June 2005 and verified Prof Dae-Keun Kim, Woosuk
University, Jeonju, Korea. A voucher specimen (KN-0508)
was reserved at the Laboratory of Natural Products
Chemistry, Plant Metabolism Research Center, Kyung Hee
University, Yongin, Korea.

Chemicals First grade ethyl acetate (EtOAc) was
purchased from Daejung Chemicals (Stheung, Korea).
CDClL; (99.9%) was obtained from Merck (Darmstadt,
Germany). Internal standard, dimethyl terephthalate, was
obtained from Sigma-Aldrich (St. Louis, MO, USA) and
the reference compounds were isolated from the roots of 4.
gigas, previously. These reference compounds finally
identified as decursin and decursinol angelate by comparison
of several physical and spectroscopic data with those in the
literatures (27-29).

Instruments 'H-NMR spectra (400 MHz) were taken on
a Varian Unity Inova AS 400 FT-NMR spectrometer (Palo
Alto, CA, USA) in 0.5 mL of CDCl;. For each sample, 128
scans were recorded with the following parameters: 0.45
Hz/point, spectral width 4,600.0 Hz (center of spectral
width 5.02 ppm), acquisition time 2.5 sec, recycle delay
2.0 sec, flip angle 90° at 25°C. For quantitative analysis,
peak area was used and the start and end point of the
integration of each peak were selected manually. The area
of dimethoxy signal of dimethyl terephthalate at 3.95 ppm
was referred integral as 1,000 in '"H-NMR spectrum. The
amount of coumarins was calculated using the following
equation (13).

integral (CO) Mw (CO)
integral (IS) Mw (IS)
where, integral (CO) = the peak area of the germinal methyls
of coumarins; integral (IS) = the peak area of the dimethoxy
of dimethyl terephthalate; Mw (CO) = the molecular weight
of coumarins divided by 3 because there are 3 protons in
case of germinal methyl signal (328.36 for coumarins);
Mw (IS) the molecular weight of dimethyl terephthalate
divided by 6 because there are 6 protons in case of
dimethoxy signal (194.18 for dimethyl terephthalate);
weight (IS) =the amount of dimethyl terephthalate added
(1 mg in this paper).

x weight (IS)

Quantity (mg) =
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Gas chromatography was performed using a GC (GC-
14B; Shimadzu, Kyoto, Japan) as follows: Column-DB-5
capillary (length 30 meters, i.d. 0.25 mm, film thickness
0.25 mm, J&W Scientific, Folcom, CA, USA), retain
temp. 250°C for 20 min; injection size 2 pL, temperature-
injector 300°C, carrier gas (N,, flow rate 1.0 mL/min);
flame ionization detector (FID).

Extraction One-hundred mg of powdered plant material
was weighed out and mixed with 3 mL EtOAc respectively
and refluxed for 30 min (3 times). The extraction solvent,
EtOAc, was selected by the group-contribution technique
for the calculation of solubility parameters for the coumarin
compounds (30). Actually, EtOAc was more suitable
solvent than the other organic solvents (n-hexane, CHCl;)
on the respects of extraction mass and the coumarin
compounds contents (data not shown). The combined
extracts were made 10 mL volume and separated to equal
volume fractions. One fraction was evaporated to dryness
after addition of internal standard (dimethyl terephthalate).
The dried sample was dissolved in 0.5 mL CDCl; and used
for "H-NMR measurement. The other fraction was evaporated
to dryness under reduced pressure and used for GC
measurement (added also internal standard).

Results and Discussion

For the simple and rapid quantitative analysis of coumarins
(Fig. 1) from the roots of 4. gigas, quantitative 'H-NMR
was developed and confirmed by conventional GC analysis.

In our previous research (9), the temperature variations
(19, 25, 30, 40, and 50°C) gave no effects on the chemical
shift and the integration values of the signals on the 'H-
NMR spectra. So, all the sample solutions with various
concentrations and extracts were measured for the 'H-
NMR at 25°C in this paper.

The quantitative 'H-NMR method of coumarins as
decursin and decursinol angelate in the roots of 4. gigas
requires that a target peak is chosen for the analysis. The
chemical shift of the coumarins shows Table 1 comparing

Decursinol angelate

Fig. 1. Structures of decursin and decursinol angelate.
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Table 1. Chemical shift of coumarins from Angelica gigas (400

MHz, CDCIL)

Proton Decursin Decursinol angelate

3 6.20, 1H, d(9.5) 6.20, 1H, d (9.5)

4 7.58, IH, d (9.5) 7.59, 1H, 4 (9.5)

5 6.77,1H, s 6.78, 1H, s

8 7.15,1H, s 7.15,1H, s

3 5.07, tH, t (4.7) 5.14, 1H,+ (4.9

4 2.90, 1H,dd (17.1,4.7) 2.90, 1H, dd (17.0,4.9)

3.17, 1H,dd (17.1,4.7) 3.24, 1H,dd (17.0,4.9)
gem(CH,), 1.35,3H, s 1.38,3H, s
1.37,3H, s 1.40,3H, s

A 5.65, 1H, m -

3" - 6.11,1H,9q (72, 1.2)
2"-CH, - 1.85,3H,d(1.2)
3"-CH;, 2.13,3H,d(12) -

4" 1.86,3H,d (1.2) 1.89,3H,d(7.2)

the spectrum of decursin with decursinol angelate. At first,
for the quantification of the coumarins, the spectral lines of
H-2" of decursin and H-3" of decursinol angelate were
selected as target signals in the '"H-NMR spectra because
these signals of the coumarins were separated from the
EtOAc extracts. Figure 2 shows that peaks of H-2
(decursin) and H-3 (decursinol angelate) are separated
from each other in non-crowded region. The chemical
shifts of H-2" and H-3" are & 5.65 (1H, m) and 8 6.11 {1H,
qq, J="1.2, 1.2), respectively, and the dimethoxy signal of
internal standard, dimethyl terephthalate, indicates & 3.95
(6H, s). But the signal of H-2" and H-3" were complicated
to integrate (Fig. 3). Therefore, another peaks selected for
the accuracy of quantification. Figure 4 shows that peaks
of germinal methyls of decursin and decursinol angelate
are separated from each other in high magnetic field
region. The chemical shifts of germinal methyl signals of
decursin are & 1.35 (3H, s) and 8 1.37 (3H, s), respectively.
However, the chemical shifts of germinal methyl signals of
decursinol angelate are & 1.38 (3H, s) and & 1.40 (3H, ),
respectively. In the 'H-NMR spectrum of EtOAc extracts,
these spectral lines separated from each other. So, the
germinal methyls of coumarins with resonating in non-
interfered region of the spectra were selected as target
signals for quantification,

Decursin
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Fig. 3. '"H-NMR spectra of H-2 of decursin (a) and H-3 of
decursinol angelate (b).

In the quantitative 'H-NMR analysis, calibration curves
are not needed for quantification of the compounds because
integration of the peak is always proportional to the amount
of the compound and the same for all compounds in 'H-
NMR spectra. However, calibration curves for coumaring
using the ratio of the peak area of the compounds and the
internal standard were determined in the range of 0.3125-
5.0000 mg/mL in order to evaluate the accuracy of this
method depending on the different concentrations. Each
calibration curve is shown in Fig. 5. The linearity of the
calibration curve of decursin and decursinol angelate by
TH-NMR method was 0.9998 and 0.9999, respectively, and
it was suitable to quantify.

A GC method was used to confirm the analysis results
obtained by 'H-NMR method. Decursin and decursinol
angelate were separated at 15.99 and 15.38 min, respectively,
and dimethyl terephthalate was detected at 3.36 min. The
calibration curves for each compound using the ratio of
peak areas of the reference compounds and the internal
standard were prepared in the range of 0.25-2.5 mg/mL.
The linearity of the calibration curves of decursin and
decursinol angelate by GC were 0.9993 and 0.9996,
respectively, and it was also suitable to quantify.

Fig. 2. "H-NMR spectra of decursin and decursinol angelate in CDCl..
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Fig. 4. § 1.32-1.42 region of 'H-NMR spectra. (a) EtOAc
extracts; (b) decursin; (c) decursinol angelate.
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Fig. 5. Calibration curve-calibrations for decursin and
decursinol angelate from the area of peak compared to
internal standard (dimethyl terephthalate).

Table 2 showed the contents of decursin and decursinol
angelate calculated from the peak integral in 'H-NMR
spectra as 1.98+0.07 and 1.13+0.08%, respectively, and
the peak area in the GC chromatograms as 2.06+0.24 and
1.17+0.24%, respectively. These quantitative results showed
a slight difference compared to the past research (27),
which is thought to vary by the place that the roots of 4.
gigas were produced or purchased. The concentrations of
coumarins in 4. gigas showed similar results (relative error
values <3%) as between the 'H-NMR method and the GC
method. Besides, 'H-NMR method was more accurate
because the standard deviation of 'H-NMR method was
smaller than GC method. Therefore, '"H-NMR method was
suitable with the quantification of coumarins from the roots
of A. gigas.

J -S Yooetal

Table 2. Comparison of the concentration (%, w/w) of
decursin and decursinol angelate in the EtOAc extract as
determined by integration of germinal methyls the '"H-NMR
spectrum and by peak area in the GC

Analysis method 'H-NMR GC
Decursin 1.98+0.07 2.06+0.24
Decursino! angelate 1.13+0.08 1.17+£0.24

PMean+SD; all experiments were based on triplicate measurements.

In conclusion, the described quantitative 'H-NMR analysis
is a rapid and simple method for the identification and
quantification of coumarins in the roots of 4. gigas. Using
the quantitative 'H-NMR method of the contents of
coumarins can be determined in much shorter time than the
conventional GC measurements. Also, it didn’t need to
prepare any preprocessing of samples and reference
compounds. As the previous method (15), natural products
samples were extracted with deuterated solvents (e.g.,
CDCl,) directly that is more fast and handy method. It is
possible to apply the analysis of coumarins in liquid functional
foods contained 4. gigas by solvent fractionation without
any pre-processing. In addition, the gNMR in combination
with multivariate or pattern recognition techniques such as
principal components analysis (PCA) and hierarchical
cluster analysis (HCA) can be applied to metabolites profiling
in foods for quality control.

Acknowledgments

This work was supported by a grant from the Korea
Science and Engineering Foundation through the Plant
Metabolism Research Center, Kyung Hee University, and
by the BioGreen 21 Program from Rural Development
Administration, Korea.

References

1. Giuido FP, Birgit UJ, David CL. Quantitative 'H-NMR: Development
and potential of a method for natural products analysis. J. Nat. Prod.
68: 133-149 (2005)

2. Jang KW, Park SH, Ha SD. Technology trends in functional foods.
Food Sci. Ind. 36: 8-16 (2003)

3. Kim HY, Lee YJ, Hong KH, Kwon YK, Sim KC, Lee JY, Cho HY,
Kim IS, Han SB, Lee CW, Shin IS, Cho JS. Isolation of
antimicrobial substances from natural products and their preservative
effect. Food Sci. Biotechnol. 10: 59-71 (2001)

4. Kim YC, Kim MY, Takaya Y, Niwa M, Chung SK. Phenolic
antioxidants isolated from mulberry leaves. Food Sci. Biotechnol.
16: 854-857 (2007)

5. Kim HM, Kim IS, Lee SH, Lee SJ, Lee GP, Kang SS, Cho SH,
Cheoi DS. Quantitative analysis of lignans in the fruits of
Acanthopanax species by HPLC. Food Sci. Biotechnol. 15: 778-780
(2006)

6. Shin YS, Lee MJ, Bang KH, Kim SY, Lee SS, Hyun DY, An TJ,
Cha SW, Seong NS. Metabolite analysis of Panax ginseng C.A.
Meyer by HPLC according to root age. Food Sci. Biotechnol. 16:
636-640 (2007)

7. Lee JH, Lee JY, Kim KN, Kim HS. Quantitative analysis of two
major flavonoid aglycones in acid hydrolyzed samples of Angelica
keiskei by HPLC. Food Sci. Biotechnol. 12: 415-418 (2003)

8. Lee YJ, Adlerereutz H, Kwon HJ. Quantitative analysis of
isoflavones and lignans in sea vegetables consumed in Korea using
isotope dilution gas chromatography-mass spectrometry. Food Sci.
Biotechnol. 15: 102-106 (2006)



Quantitative Analysis of Coumarins Using |H-NMR

9.

10.

1.

12.

17.

18.

19.

Song MC, Yoo JS, Back NI. Quantitative analysis of ¢
cinnamaldehyde of Cinnamomum cassia by '"H-NMR spectrometry.
J. Korean Soc. Appl. Biol. Chem. 48: 267-272 (2005)

Kim HK, Choi YH, Chang WT, Verpoorte R. Quantitative analysis
of ephendrine analogues from Ephedra species using 'H-NMR.
Chem. Pharm. Bull. 51: 1382-1385 (2005)

Malz F, Janke H. Validation of quantitative NMR. J. Pharmaceut.
Biomed. 38: 813-823 (2005)

Choi YH, Choi HK, Peltenburg-Looman AMG, Lefeber AWM,
Verpoorte R. Quantitative analysis of ginkgolic acids from ginkgo
leaves and products using 'H-NMR. Phytochem. Analysis 15: 325-
330 (2004)

. Choi YH, Kim HK, Wilson EG Erkelens C, Trijzelaar B, Verpoorte

R. Quantitative analysis of retinol and retinol palmitate in vitamin
tablets using 'H-nuclear magnetic resonance spectroscopy. Anal.
Chim. Acta 512: 141-147 (2004)

. Berregi 1, Santos JI, del Campo G Miranda JI. Quantitative

determination of (-)-epicatechin in cider apple juices by 'H-NMR.
Talanta 61 139-145 (2003)

. Yoo IS, Song MC, Ahn EM, Lee YH, Rho YD, Baeck NI

Quantitative analysis of paeoniflorin from Paeonia lactiflora using
'H-NMR. Nat. Prod. Sci. 12: 237-240 (2006)

. Yook CS. Colored Medicinal Plants of Korea. Academy Book Co.,

Seoul, Korea. p. 390 (1990)

Kang SA, Jang KH, Lee JE, Ahn DK, Park SK. Differences of
hematopoietic effects of Angelica gigus, A. sinensis, and 4.
acutiloba extract on cyclophosphamide-induced anemic rats.
Korean J. Food Sci. Technol. 35: 1204-1208 (2003)

Chi HJ, Kim HS. Studies on the components Umbelliferae plants in
Korea pharmacological study of decursin, decursinol, and
nodakenin. Korean J. Pharmacogn. 1: 25-32 (1970)

Kang YG Lee JH, Chae HJ, Kim DH, Lee SH, Park SY. HPLC
analysis and extraction methods of decursinol and decursinol
angelate in Angelica gigas roots. Korean J. Pharmacogn. 34: 201-
205 (2003)

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

577

Ahn KS, Sim WS, Kim IH. Decursin: A cytosoxic agent protein
kinase C activator from the root of Angelica gigas. Planta Med. 62:
7-9 (1996)

Ahn KS, Sim WS, Lee IK, Seu YB, Kim IH. Decursinol angelate:
A cytotoxic and protein kinase C activating agent from the root of
Angelica gigas. Planta Med. 63: 360-361 (1997)

Kim HS, Park JS, Park HJ, Chi HI. A study of the effects of the root
components of Angelica gigas Nakai on voluntary activity in mice.
Korean J. Pharmacogn. 11: 11-14 (1980)

Shin KH, Han JM, Lee IR. Effect of the constituents of Angelica
giganstis radix on hepatic drug metabolizing enzymes. Korean J.
Pharmacogn. 27: 323-327 (1996)

Hwang JB, Yang MO. Comparision of chemical components of
Angelica gigas Nakai and Angelica acupiloba Kitagawa. Korean J.
Food Sci. Technol. 29: 1113-1118 (1997)

Yook CS, Kim TH. Studies on the determination of decursin in
Angelica gigantis Radix and some Umbelliferae plants. Bull. K. H.
Pharma. Sci. 18: 133-140 (1990}

Lee JP, Chang SY, Park SY. Validations of analysis methods for
decursin and decursinol angelate of Angelica gigantis radix by
reverse-phase liquid chromatography. Nat. Prod. Sci. 10: 262-267
(2004)

Ryu KS, Hong ND, Kim NJ, Kong YY. Isolation of decursinol
angelate and assay of decursinol angelate and decursin. Korean J.
Pharmacogn. 21: 64-68 (1990)

Lee SH, Shin DS, Kim JS, Oh KB, Kang SS. Antibacterial
coumarins from Angelica gigas roots. Arch. Pharm. Res. 26: 449-
452 (2003)

Lee SH, Jung SH, Lee YS, Shin KH. Coumarins from Angelica
gigas roots having rat lens aldose reductase activity. J. Appl
Pharmacol. 10: 85-88 (2002)

Kang JH, Chung, ST, Row KH. Estimation of solubility of the
useful components in some natural products. Hwahak Konghak 39:
390-396 (2001)



