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Abstract − Caryopteris incana (Verbenaceae) has been used to treat cough, arthritis, and eczema in Oriental
medicine. The two fractions (CHCl3- and BuOH fractions) and the essential oil of the plant material were
subjected to the inducible nitric oxide synthase (iNOS) assay. The IC50 of the CHCl3 fraction and the essential oil
on LPS-induced macrophage RAW 264.7 cells were 16.4 µg/mL and 23.08 µg/mL, respectively. On gas
chromatography (GC)-mass spectroscopy (MS) analysis, twenty-five components representing 85.5% amount of
total essential oil were identified. On the chromatogram, three main substances, trans-pinocarveol, cis-citral, and
pinocarvone, occupied 18.8%, 13.5% and 18.37% of total peak area. Furthermore, by HPLC-UV analysis, six
compounds including one iridoid (8-O-acetylharpagide)- and five phenylethanoid glycosides (caryopteroside,
acteoside, phlinoside A, 6-O-caffeoylphlinoside, and leucosceptoside A) isolated from the BuOH fraction were
quantified. The content of six compounds were shown as the following order: caryopteroside (162.35 mg/g) > 8-
O-acetylharpagide (93.28 mg/g) > 6-O-caffeoylphlinoside (28.15 mg/g) > phlinoside (22.60 mg/g) > leucosceptoside A
(16.87 mg) > acteoside (7.05 mg/g).
Keywords − Caryopteris incana, glycoside, HPLC, inducible nitric oxide synthase, Verbenaceae

Introduction

Although the nitric oxide (NO) plays a physiological

role, which is necessary for vasodilation, its excess

production induces several pathophysiological states.1

Excess production of NO can combine with superoxide

anion radical, which causes cardiovascular disease,

asthma, or arthritis.2,3 The inducible nitric oxide synthase

(iNOS) plays a key role in the production of NO for the

pathophysiological state. Recently, assays to search for

the compounds with the inhibitory effect on NO

formation are often used to test anti-inflammatory activity.

The inhibitory effect on NO formation is frequently

measured in lipopolysaccharide (LPS)-induced mouse

macrophage cells. In the present study, this assay was

performed in LPS-induced macrophage RAW 264.7 cells.

Caryopteris incana (Verbenaceae) is a perennial herb,

which is used to treat cough, arthritis, and eczema in

Oriental medicinal society.4,5 The constituents belonging

to iridoid glycosides, phenylethanoid glycosides,5,6 and

diterpenoids6 have been reported. In this study, the MeOH

extract was divided into two fractions, the CHCl3 fraction

and BuOH fraction, the former contains less polar

substances and the latter does more polar ones. Since C.

incana is a very flavoring plant, the essential oil was also

prepared from this plant material to test an iNOS assay

and to analyze the constituents.

When the inhibition activity on iNOS were tested, the

CHCl3 fraction and essential oil significantly inhibited the

production of NO, but the BuOH fraction did not.

Because the constituents of the essential oil will share

those of the CHCl3 fraction, the essential oil was analyzed

by gas chromatography (GC)-mass spectroscopy (MS).

Furthermore, the six glycosides of an iridoid glycoside (8-

O-acetylharpagide) and five phenylethaoid glycosides

(caryopteroside, acteoside, phlinoside, 6-O-caffeoylphli-
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noside, leucosceptoside A) were quantitatively analyzed

using an HPLC method.

Experimental

Instruments and reagents − Capillary gas chromato-

graphy (GC)-mass spectrometry (MS) used for analysis of

the essential oil was an MSD 5975N (Agilent technologies,

USA) equipped with HP6890 GC (Agilent technologies,

USA) and HP-7683 auto-sampler (Agilent technologies,

USA). GC column used for GC-MS analysis was 5MS

(30 m × 0.25 mm i.d., 0.25 μm film thickness)

HPLC system consisting of two Prostar 210 pumps, a

Prostar 325 UV-Vis detector, and a Shiseido Capcell PAK

C18 column (5 μm, 4.6 mm × 250 mm) equipped with

MetaTherm temperature controller were used for quantifi-

cation. The HPLC grade solvent used for the mobile

phase was purchased from J.T. Baker (Philisburg, NJ,

USA). The stationary phase column chromatography used

for isolation was silica gel 60 (70 – 230 mesh, Merck,

Germany) and Diaion HP-20 (Mitsubishi Chemica. Co., Japan).

Plant material − The leaves of C. incana was collected

on August in Wonju, Gangwon-do, Korea and then dried.

The dried leaves were cut prior to extraction. This plant

was identified by Prof. Byong-Min Song (Department of

Forest Science, Sangji University). A voucher specimen

(natchem-#92) was deposited in the Laboratory of Natural

Products Sciences, Department of Pharmaceutical Eng-

ineering, Sangji University.

Steam distillation − To extract essential oil from the

plant material, 300 g of the plant material and distilled for

3 h in the steam distillation apparatus. The distilled

suspension was partitioned with diethyl ether three times,

and further dehydrated with anhydrous sodium sulfate.

Drying of the diethyl ether-soluble portion led to the

preparation of essential oil (0.57 g, 0.58 mL). Density of

this essential oil was calculated to be 0.982 g/mL.

Measurement of GC-MS − GC chromatography was

performed at 250 oC of the injection port temperature with

a splitless mode (injection mode) and 1 μL of injection

volume. Helium as the carrier gas was flowed at 1.0 mL/

min. Column temperature was increased as the progra-

mmed method. Initial temperature was maintained at

60 oC for 1.0 min. This temperature was increased to

130 oC at the rate of 20 oC/min, then to 190 oC at 5 oC/

min, and finally increased to 240 oC at 20 oC/min. The

final temperature was maintained for 1 min. In MS, the

70 eV was used for ionization of molecules as the electron

impact mode. Transfer line temperature was 280 oC and

solvent delay time was 2 min. Measurement of mass

spectra was performed with scan mode, where acquisition

mode was m/z 40 – 500. Identification of molecules was

performed by matching each spectrum with that of

internal library (Wiley W9NO8 program) and confirmed

at more than 90% quality ratio.

The number (1 – 15) of compounds of which structures

were identified were given.

Extraction and fractionation − The plant material of

the leaves of C. incana (440 g) was extracted with MeOH

under reflux for 5 h three times. The extracted solution

was filtered and evaporated on a rotatory evaporator

under reduced pressure. The concentrated extract was

further freeze-dried to give a MeOH extract (130.0 g).

The MeOH extract (128 g) was suspended in H2O and

then partitioned with CHCl3 three times. A CHCl3-soluble

portion was concentrated to dryness to give a CHCl3
fraction (19 g). A residual aqueous layer was partitioned

with BuOH three times. A BuOH-soluble portion was

concentrated in vacuo and then freeze-dried to give a

BuOH fraction (48.1 g). The aqueous layer was dried in

vacuo and subjected to dreeze-drying to give a H2O

fraction (67.3 g).

After the solvent-fractionation, successive column fractio-

nation was performed using a Diaion HP-20 column. The

BuOH fraction (40.3 g) was subjected to Diaion HP-20

column chromatography. This column was eluted with

1.0 L to remove sugars or ionic substances. Successive

elution was conducted with each 1.0 L solvent of 25%

MeOH, 50% MeOH, 75% MeOH, and 100% MeOH,

every eluted solution was concentrated to produce a 25%

MeOH extract (5.3 g), 50% MeOH extract (1.9 g), 75%

MeOH extract (8.3 g), and 100% MeOH (6.2 g) extract.

Cell culture − Mouse macrophage RAW 264.7 cells,

obtained from the American Type Culture Collection

(ATCC, Rockville, MD, USA), were cultured in DMEM

supplemented with 10% heat-inactivated fetal bovine

serum (FBS) and antibiotics-antimycotics (PSF; 100 units/

ml penicillin G sodium, 100 ng/mL streptomycin, and

250 ng/mL amphotericin B). The cells were maintained at

37 oC under a humidified atmosphere containing 5% CO2.

Cell viability assay −MTT solution (final concentration

of 500 μg/mL) was added to each well and incubated for

4 h at 37 oC. The culture media was removed, and dimethyl

sulfoxide (DMSO) was added. The absorbance was

measured at 570 nm, and percent survival was determined

by comparison with a control group (LPS+).

iNOS assay − RAW 264.7 cells were cultured in 10%

FBS–DMEM, and seeded in 24-well plates (2 × 105 cells/

mL). The next day, culture media was changed to 1%

FBS-DMEM and samples were treated. After 1 h, 1 μg/
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mL of LPS was added, except LPS- control, to stimulate

NO production. Cells were incubated for an additional 18 h

and the amount of NO production in culture media was

determined by Griess reaction. Briefly, 180 μL of Griess

reagent (0.1% N-(1-naphthyl) ethylenediamine dihydro-

chloride in H2O and 1% sulfanilamide in 5% H3PO4) was

added to 100 μL of culture media. Then absorbance was

measured at 540 nm, and nitrite concentration was

determined by comparison with a sodium nitrite standard

curve. Percent inhibition was calculated using following

formula: [1 – (NO level of test samples/NO levels of

vehicle-treated control)] × 100. The IC50 value, the sample

concentration resulting in 50% inhibition of NO pro-

duction, was calculated through non-linear regression

analysis using Table Curve 2D v5.01 (Systat Software

Inc., San Jose, CA, USA).

Isolation − The 75% fraction (10.0 g) was chromato-

graphed over silica gel column (SiO2 180 g, Φ 4.5 cm ×

30 cm) using the eluent CHCl3-MeOH-H2O (65 : 35 : 10,

lower phase) and collected by each 50 ml to give 35

aliquots (#1 - #35). These 35 aliquots were checked on

TLC visualized by UV light and 50% H2SO4, and then

combined into five groups. The six groups named CI-1

(#6 - #8), CI-2 (#12 - #14), CI-3 (#15 - #16), CI-4 (#21 -

#23), CI-5 (#26 - #29), and CI-6 (#29 - #35) were con-

centrated to afford compounds 26 - 31, respectively.

Compound 26 (8-O-acetylharpagide) − UV λmax

(MeOH) nm (log ε): 203 (3.83); IR νmax (KBr) cm−1:

3357 (broad, O-H), 2914 (C-H), 1712 (C=O), 1653

(C=C), 1375 (CH3), 1237 (C-O), 1117, 1077 (Glycoside

C-O); 1H-NMR (600 MHz, CD3OD) and 13C-NMR (150

MHz, CD3OD) δ: literature.5

Compound 27 (caryopteroside) − UV λmax (MeOH)

nm (log ε): 268 (4.06), 329 (4.14); IR νmax (KBr) cm−1:

3403 (broad, O-H), 2940, 2883 (C-H), 1724, 1708, 1687

(C=O), 1604, 1517 (aromatic C=C), 1454, 1369, 1273

(phenolic C-O), 1175 (tertiary C-O), 1074 (secondary C-

O), 1034 (glycoside C-O), 849, 815; 1H-NMR (600 MHz,

CD3OD) and 13C-NMR (150 MHz, CD3OD) δ: literature.4

Compound 28 (acteoside) − UV λmax (MeOH) nm

(log ε): 328 (4.11); IR νmax (KBr) cm−1: 3403 (broad, O-

H), 2931, 2886 (C-H), 1698 (C=O), 1631 (olefinic C=C),

1604, 1516 (aromatic C=C), 1445, 1366, 1280 (phenolic

C-O), 1161 (tertiary C-O), 1071 (secondary C-O), 1037

(glycoside C-O), 814; 1H-NMR (600 MHz, CD3OD) and
13C-NMR (150 MHz, CD3OD) δ: literature.10

Compound 29 (leucosceptoside A) −UV λmax (MeOH)

nm (log ε): 313 (4.28); IR νmax (KBr) cm−1: 3392 (broad,

OH), 2931 (CH), 1705 (C=O), 1634 (olefinic C=C),

1604, 1471 (aromatic C=C), 1373 (CH3), 1365, 1235

(phenolic C-O), 1169 (tertiary C-O), 1135 (secondary C-

O), 1073 (glycoside C-O), 834; 1H-NMR (600 MHz,

CD3OD) and 13C-NMR (150 MHz, CD3OD) δ: literature.11

Compound 30 (phlinoside A) − UV λmax (MeOH) nm

(log ε): 323 (4.21); IR νmax (KBr) cm−1: 3404 (broad, O-

H), 2926, 2885 (C-H), 1699 (C=O), 1631 (olefinic C=C),

1604, 1517 (aromatic C=C), 1445, 1366, 1274 (phenolic

C-O), 1167 (tertiary C-O), 1073 (secondary C-O), 1039

(glycoside C-O), 815; 1H-NMR (600 MHz, CD3OD) and
13C-NMR (150 MHz, CD3OD) δ: literature.10

Compound 31 (6-O-caffeoylphlinoside) − UV λmax

(MeOH) nm (log ε): 332 (3.98); IR νmax (KBr) cm−1:

3384 (broad, O-H), 2934, 2891 (C-H), 1698 (C=O), 1631

(olefinic C=C), 1604, 1519 (aromatic C=C), 1445, 1366,

1281 (phenolic C-O), 1162 (tertiary C-O), 1115 (secondary

C-O), 1070 (primary C-O), 1039 (glycoside C-O), 815;
1H-NMR (600 MHz, CD3OD) and 13C-NMR (150 MHz,

CD3OD) δ: literature.5

Preparation of standard- and sample solutions −

The stock solution (1000 μg/mL) was prepared by

dissolving each compound in MeOH and preserved under

the temperature of 4 ºC. To prepare working standard

solutions, the stock solution was serially diluted.

Regression equations were determined by calculation of

the peak area (y axis) at six concentrations (x axis, μg/ml).

Sample solutions were prepared by dissolving the MeOH

extract, BuOH fraction, the 25%, 50%, 75%, and 100%

MeOH fraction in MeOH. These solutions were filtered

through disposable syringe filter unit (0.50 μm, Sismic-

25JP Advantec, Japan) prior to injection.

HPLC analytical method − Two solvents, solvent A

(H2O with 0.05% acetic acid, v/v) and solvent B (MeOH)

were used in this method. The linear gradient elution of

the solvents was programmed as follows: 0 – 20 min (15

→ 60% B), 20 – 21 min (60 → 100% B), 21 – 25 min

(100% B), 25 – 27 min (100 → 15% B), and 27 – 30

min (15% B). The flow rate and column temperature was

set constantly at 1.0 mL/min and 40 oC, respectively. The

detection wavelength was fixed at 205 nm. The analytical

method was validated in terms of linearity and sensitivity,

referring to the guidance of international conference on

harmonization (ICH). The R2 value was used to assess the

linearity of regression equation. LOD (limit-of-detection)

and LOQ (limit-of-quantification) was used as the measure

of sensitivity, where LOD and LOQ were determined at

signal-to ratios (S/N ratio) of 3 and 10, respectively.

Result and Discussion

As shown in Table 1, the CHCl3 fraction and the
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essential oil greatly inhibited iNOS activities in LPS-

activated macrophage RAW 264.7 cells, demonstrating

that the two samples have anti-inflammatory activities.

However, the BuOH fraction and its five compounds

including an iridoid (8-O-acetylharpagide)- and five

phenylethanoid glycosides (caryopteroside, acteoside,

phlinoside, 6-O-caffeoylphlinoside, and leucosceptoside

A) had no activity (data not shown). The IC50s on the

iNOS activity were 16.4 (CHCl3 fraction) and 23.8 μg/

mL (essential oil), respectively. Furthermore, the CHCl3
fraction was cytotoxic at the 80 μg/mL concentration

while the essential oil was not, indicating that the essential

oil may be more advantageous for the anti-inflammatory

activity. Since the essential oil shares volatile substances

with the CHCl3 fraction containing less polar substances,

this oil was analyzed by GC-MS. Twenty-five components

were identified by matching each mass spectrum with the

data of MS library. Of compounds 1 – 14, twelve peaks

besides compounds 1 and 2 belonged to monoterpenes.

From the peak 15 (α-copaene) at 10.31 min (tR) to 25 (α-

bisabolene epoxide) at 13.85 min on the GC chromato-

gram (Fig. 2), eleven compounds were sesquiterpenes.

Considering the peak area, the amount of sesquiterpenes

was relatively low compared to those of monoterpenes.

Most compounds were cyclic terpenes except for the

two simple alcohols (3-hexen-1-ol, 1-octen-3-ol) and the

two acylic monoterpens (linalool and cis-citral). Cyclic

monoterpenes were shown including 1-trans-pinocarveol,

cis-citral, β-phellandren-8-ol, 2(10),-pinen-3-one, terpendiol

I, myrtenol, 1-verbenone, trans-(+)-carveol, terpendiol II,

1,3,8-p-menthatriene, and (+)-myrtenyl acetate. The

identification was confirmed by matching each spectrum

with the database of the Wiley 10th version library. In

Table 2, the molecular ion peak, base peak (100% relative

intensity) and other significant peaks were shown. Of the

25 peaks, three major components were trans-pinocarveol

(4, 18.78%), cis-citral (5, 13.53%), pinocarvone (7, 18.37%)

(Fig. 1), where the percentage of peak area was shown in

Table 1. Effect of the essential oil and CHCl3 fraction on LPS-induced NO production and cell viability

Concentration
(μg/mL)

% NO inhibition Cell viability (% of LPS+)

Essential oil CHCl3 fraction Essential oil CHCl3 fraction

5 23.09 11.96 97.06 94.09

10 28.70 31.75 93.73 106.74

20 44.55 61.99 99.97 102.69

40 78.15 88.46 118.25 106.41

80 99.03 94.87 113.85 19.73

Fig. 1. GC chromatogram of the essential oil of C.incana.
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the parenthesis. Although a number of peaks of essential

oils are shown in the chromatogram, a few compounds

usually occupies predominant peak area of the com-

pounds. Therefore, the essential oil of C. incana could be

used based on the high percentage of trans-pinocarveol

(4), cis-citral (5), and pinocarvone (7). Regarding sesquiter-

penes, the eleven compounds including α-copaene, γ-

cadinene, γ-2-cadinene, δ-cadinene, β-copaene-4α-ol, α-

campholenal, ledol, α-cedrene, τ-muurodol, caryophyllene

epoxide, and α-bisabolene epoxide were identified. The

25 compounds identified in this study represented 85.5%

quantity of the total essential oil. 

The BuOH fraction and its isolates of the glycosides

did not inhibit NO formation in LPS-activated macrophage

264.7 cells. Since these glycosides could be active in

other assays through the possible hydrolysis in the living

system, the quantitative analysis of the phenolic glycosides

were attempted using an HPLC method. The structure of

six compounds were 8-O-acetylharpagide,5 caryopteroside,4

acteoside,10 phlinoside,5 6-O-caffeoylphlinoside,5 and leu-

cosceptoside A11 were identified by comparisons of 1H-

and 13C-NMR spectroscopic data with literatures. One is

an iridoid glycoside, and the other five are phenylethanoid

glycosides, as shown in Fig. 3. Diaion HP-20 is the

Fig. 2. Structure of three main monoterpenoids 4, 5, and 7 identified from the essential oil of C. incana.

Table 2. Identification of the components in the essential oil of C. incana

Compound (peak number) tR (min) M+ m/z (%) Fragment ion m/z (%)
Peak area 

(%)

3-Hexen-1-ol (1) 4.765 100.1 [C6H12O]+ (2.5) 82.1 (40.0), 67.1 (82.5), 55.1 (41.0), 41.1 (100) 0.81

1-Octen-3-ol (2) 6.179 128.1 [C8H18O]+ (0.0) 99.1 (42.9), 72.1 (20.0), 57.1 (100) 7.43

Linalool (3) 7.532 154.1 [C10H18O]+ (1.4) 136.1 (8.8), 93.1 (79.4), 71.1 (100) 1.12

1-trans-Pinocarveol (4) 8.028 152.1 [C10H16O]+ (3.3) 134.1 (33.5), 119.1 (63.3), 92.1 (100) 18.78

cis-Citral (5) 8.082 152.1 [C10H16O]+ (2.9) 94.1 (26.5), 69.1 (85.3), 41.1 (100) 13.53

β-Phelladren-8-ol (6) 8.118 152.1 [C10H16O]+ (2.7) 119.1 (27.8), 94.1 (100), 79.1 (80.1) 1.38

Pinocarvone (7) 8.269 150.1 [C10H14O]+ (12.5) 135.1 (28.1), 108.1 (62.5), 79.1 (100) 18.37

Terpendiol I (8) 8.475 170.1 [C10H18O2]
+ (0.0) 82.1 (100), 76.1 (75.0), 43.1 (68.8) 0.62

Myrtenol (9) 8.596 152.1 [C10H16O]+ (4.4) 108.1 (26.5), 79.1 (100), 41.0 (44.1) 1.91

1-Verbenone (10) 8.728 150.1 [C10H14O]+ (36.4) 135.0 (72.7), 107.1 (100), 80.1 (27.3) 5.82

trans-(+)-carveol(11) 8.783 152.1 [C10H16O]+ (8.3) 137.0 (11.1), 109.1 (100), 84.1 (11.1) 1.78

Terpendiol II (12) 9.260 170.1 [C10H16O]+ (0.0) 137.1 (7.3), 67.1 (100), 43.1 (87.8) 2.31

1,3,8-p-menthatriene (13) 9.478 134.1 [C10H14]
+ (27.3) 119.1 (100), 91.1 (27.2), 65.0 (6.1) 1.37

(+)-Myrtenyl acetate (14) 9.786 194.1 [C12H18O]+ (0.0) 152.0 (4.9), 119.1 (53.7), 91.0 (100) 4.75

α-Copaene (15) 10.316 204.1 [C15H24]
+ (16.2) 189.1 (5.4), 161.1 (97.3), 119.1 (100) 0.16

γ-Cadinene (16) 11.150 204.1 [C15H24]
+ (23.1) 189.1 (2.6), 161.0 (100), 105.1 (25.6) 0.35

γ-2-Cadinene (17) 11.349 204.1 [C15H24]
+ (26.3%) 161.1 (100), 119.1 (39.5), 41.0 (78.9) 0.34

δ-Cadinene (18) 11.567 204.1 [C15H24]
+ (40.5) 189 (18.9) [M-CH3]

+, 161.1 (100), 119.1 (78.3) 1.07

β-Copaene-4α-ol (19) 12.135 220.1 [C15H24O]+ (59.5) 159.1 (100), 131.1 (40.5), 91.0 (54.1) 0.20

α-Campholenal (20) 12.213 152.1 [C10H16O]+ (16.7%) 137.1 (0.1) [M-CH3]
+, 108.1 (100), 67.1 (25.0) 0.19

Ledol (21) 12.274 222.1 [C15H26O]+ (2.7%) 189.1 (10.8), 161.1 (16.2), 43.1 (100) 0.26

α-Cedrene (22) 12.425 204.1 [C15H24]
+ (21.6%) 161.1 (18.9), 119.1 (100), 91.1 (40.5) 0.33

τ-Muurodol (23) 12.521 222.1 [C15H26O]+ (5.4%) 204.0 (37.8), 161.0 (51.4), 43.0 (100) 1.43

Caryophyllene epoxide (24) 13.234 220.1 [C15H24O]+ (2.9%) 109.1( 34.3), 79.1 (42.9), 43.1 (100) 0.17

α-Bisabolene epoxide (25) 13.845 220.1 [C15H24O]+ (2.8%) 133.0 (11.4), 109.1 (42.9), 43.0 (100) 0.23
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stationary phase with a structure of a spherical porous

particle consisting of polystyrene polymers. In the present

study, the HPLC analysis on six glycosides was performed

in the MeOH extract, CHCl3- and BuOH fractions, and

each fractions eluted with MeOH-H2O solvents over a

Diaion HP-20 column (Fig. 4). Retention times of six

glycosides were shown in Table 3. The wavelength of 205

nm was chosen because only 8-O-acetylharpagide is not

sensitive at 280 nm and 360 nm. Each regression equation

was established after measuring the peak area at every six

concentration (n = 4). The R2 values more than 0.999 in

the range of 31.25 – 1000.0 μg/mL established the linearity

of the six equations. Every value of LOD and LOQ was

sufficiently low indicating that they are very sensitive for

the detection and quantification. As shown in Table 4, the

content of six compounds were determined in the MeOH

extract as the following order: caryopteroside (162.35 mg/

g) > 8-O-acetylharpagide (93.28 mg/g) > 6-O-caffeoylphli-

noside (28.15 mg/g) > phlinoside A (22.60 mg/g) > leuco-

sceptoside A (16.87 mg) > acteoside (7.05 mg/g). These

substances were quantitatively higher in the BuOH

fraction than in the CHCl3 fraction. In particular, 8-O-

acetylharpagide was very rich (86.4%), but other five

substances were not detected in the 25% MeOH fraction.

In addition, caryopteroside occupied 11.2% of the 75%

MeOH fraction. However, the quantity of acteoside and

phlinoside was relatively low. In spite of no inhibition of

the six glycosides on NO formation, other biological

activities of them have been reported. Therefore, these

analytical data will be useful for further research of C.

incana.

In conclusion, the essential oil obtained from C. incana

inhibited NO formation in macrophage 264.7 cells. GC-

MS analysis of the essential oil led to the identification of

25 volatile substances and the finding of three main

substances, trans-pinocarveol (4, 18.78%), cis-citral (5,

13.53%), and pinocarvone (7, 18.37%). Furthermore, the

high content of caryopteroside (162.35 mg/g), 8-O-

acetylharpagide (93.28 mg/g), and 6-O-caffeoylphlinoside

(28.15 mg/g) were also elucidated in this plant by HPLC

Fig. 3. Structure of compounds 26 – 31 isolated from the BuOH
fraction.

Table 3. Linearity of standard curves and limits of detection and quantification for the standard compounds

Compound
tR

(min)
Calibration equation

(linear model)a

Linear range 
(µg/mL)

R2 b LODc

(µg/mL)
LOQd

(µg/mL)

8-O-Acetylharpagide (26) 12.62 y = 159.50x + 117.91 31.25 - 1000.0 0.999 1.77 5.88

Caryopteroside (27) 18.42 y = 221.05x + 86.07 31.25 - 1000.0 0.999 1.42 4.73

Acteoside (29) 15.05 y = 228.41x + 95.77 31.25 - 1000.0 0.999 1.33 4.43

Phlinoside A (30) 18.80 y = 106.98x + 70.95 31.25 - 1000.0 0.999 3.08 10.24

6-O-caffeoylphlinoside (31) 17.22 y = 424.99x + 143.02 31.25 - 1000.0 0.999 0.61 2.02

Leucosceptoside A (28) 20.11 y = 132.15x + 84.07 31.25 - 1000.0 0.999 2.39 7.96
ay, peak area at 254nm; x, concentration of the standard (µg/mL); b R2, correlation coefficient for 6 data points in the calibration curves
(n = 4); c LOD, limit of detection (S/N = 3); d LOQ, limit of quantification (S/N = 10).
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Fig. 4. HPLC chromatograms of MeOH extract of C. incana and its BuOH fraction, CHCl3 fraction, and four fractions chromatographed
from the BuOH fracti.

Table 4. Content of six compounds in the MeOH extract of C. incana and its BuOH fraction, CHCl3 fraction, and four fractions
chromatographed from the BuOH fraction

Extract /
fractions

Analytes

Total8-O-acetylharpagide 
(26)

Caryopteroside 
(27)

Acteoside 
(29)

Phlinoside 
A (30)

6-O-caffeoylphlinoside
(31)

Leucosceptoside 
A (28)

MeOH extract 93.28 162.35 7.05 22.60 28.15 16.87 330.03

CHCl3 fraction 7.69 8.49 - - 1.11 5.03 22.32

BuOH fraction 215.78 13.75 10.83 26.91 97.76 110.17 475.20

25% MeOH fr. 864.84 - - - - - 864.84

50% MeOH fr. 316.87 54.72 77.31 80.53 264.93 12.63 806.99

75% MeOH fr. 9.02 112.08 15.30 170.37 114.20 464.96 885.93

100% MeOH fr. - - - 13.99 - 398.81 412.80

The data was present as average of three determinations. The dash sign (-) means the concentration of the analyte was under the LOQ.



188 Natural Product Sciences

Acknowledgments

This research was supported by the Sangji University

Research Fund, 2016.

References

(1) Moncada, S.; Palmer, R. M. J.; Higgs, E. A. Pharmacol. Rev. 1991,

43,109-142.

(2) Baydoun, A. R.; Foale, R. D.; Mann. G. E. Br. J. Pharmacol. 1993,

109, 987-991.

(3) Pacher, P.; Beckman. J. S.; Liaudet, L. Physiol. Rev. 2007, 87, 315-

424.

(4) Park, S.; Son, M. J.; Yook, C. S.; Jin, C. B.; Lee, Y. S.; Kim, H. J.

Phytochemstry 2014, 101, 83-89.

(5) Zhao, D. P.; Matsunami, K.; Otsuka, H. J. Nat. Med. 2009, 63, 241-

247.

(6) Yoshikawa, K.; Harada, A.; Iseki, K.; Hashimoto, T. J. Nat. Med.

2014, 68, 231-235.

(7) Gao, J. J.; Igalshi, K.; Nukina, M. Biosci. Biotechnol. Biochem.

1999, 63, 983-988.

(8) Choi, J.; Shin, K. M.; Park, H. J.; Jung, H. J.; Kim, H. J.; Lee, Y. S.;

Rew, J. H.; Lee, K. T. Planta Med. 2004, 70, 1027-1032.

(9) Cui, Q.; Pan, Y.; Xu, X.; Zhang, W.; Wu, X.; Qu, S.; Liu, X.

Fitoterapia 2016, 109, 67-74.

(10) Froelich, S.; Gupta, M. P.; Siems, K.; Jenett-Siems, K. Braz. J.

Pharmacogn. 2008, 18, 517-520.

(11) Schlauer, J.; Budzianowski, J.; Kukulczanka, K.; Ratajczak, L. Acta

Soc. Bot. Pol. 2004, 73, 9-15.

Received April 4, 2018

Revised April 27, 2018

Accepted April 27, 2018



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


