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Terpenoids from Citrus unshiu Peels and Their Effects on NO Production
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Abstract  Two new compounds, 3-methyl-but-2-en-1-yl-1-O-β-xylopyranosyl-(1ʺ→2ʹ)-O-β-glucopyranoside
(1) and 1-O-β-glucopyranosyl-6-hydroxy-2-methyl-hep-2-enoic acid (2), along with sixteen known terpenoids
were isolated from the peels of Citrus unshiu Markov. Their structures were elucidated based on extensive NMR
analyses (1H NMR, 13C NMR, DEPT, COSY, HMQC, and HMBC) and high-resolution mass spectrometry. In
addition, all isolates (1 - 18) were tested their effects on nitric oxide (NO) production in RAW264.7 cells. Limonin
(15) showed to inhibit LPS-induced NO production in a concentration-dependent manner without cytotoxicity. 
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Introduction

Citrus unshiu Markov. belongs to Rutaceae family,

widely distributed subtropical countries such as Korea,

Japan, China, and Russia.1 The dried peels of fruits have

been used to improve a variety of digestive dysfunctions

including tympanites, nausea, vomiting, and dyspepsia.2

They have also been used traditionally to improve

bronchial and asthmatic conditions or cardiac and blood

circulation in East Asia.2 Previous chemical and phar-

macological studies reported that many actives com-

ponents, including essential oils, terpenoids, flavonoids,

phenolic compounds were isolated from the peels of C.

unshiu, and they were indicated to have the antioxidant,

anti-carcinogenicity, anti-allergic, anti-diabetic, anti-aging,

anti-cancer, and lipid-lowering activities.2

Nitric oxide (NO), an inflammatory mediator, is known

as a critical cellular signaling molecule involved in many

physiological and pathological processes of both acute

and chronic inflammatory disorders.3 NO is synthesized

from ʟ-arginine in a reaction catalyzed by a family of

nitric oxide synthase (NOS) enzymes. Active NOS is a

tetramer formed by two NOS proteins and two calmodulin

molecules.4 There are three different NOS isoforms

named according to their activity or the tissue type in

which they have been characterized. The neuronal NOS

(nNOS, NOS I) is predominantly expressed in neurons in

the brain and peripheral nervous system. Endothelial NOS

(eNOS, NOS III) is mainly expressed in endothelial cells.4

Inducible NOS (iNOS or NOS II) is expressed at high

levels only after induction by cytokines or other

inflammatory agents, and its activity is independent of an

increase in Ca2+.4 Overproduction of NO has been linked

to various inflammatory diseases and cancer. LPS induced

NO production by iNOS reflects the degree of inflam-

mation within a given system; therefore, this model is

often used to screen for agents that can modulate these

pathways.5

In an ongoing search for more anti-inflammatory

inhibitors from C. unshiu, the MeOH extract of the peels

of C. unshiu was investigated and afforded two new

compounds (1 and 2), along with 16 known terpenoids,

including ten monoterpenes (3 - 12), two sesquiterpenes

(13 and 14), and four limonoids (15 - 18). In this study, the

isolation and structural elucidation of the new compounds

are reported, together with the inhibitory effects of

isolates on lipopolysaccharide (LPS)-induced nitric oxide

(NO) production in RAW264.7 cells.*Author for correspondence
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Experimental

General experimental procedures – The optical

rotations were measured using a JASCO DIP-2000

spectropolarimeter. The UV spectra were recorded using

an Agilent 8453 UV-visible spectrophotometer. The IR

spectra were recorded using a Bruker IFS-66/S Fourier

transform (FT)-IR spectrometer. The NMR spectra were

recorded using a Bruker Advance Digital 500 MHz NMR

spectrometer using TMS as the internal standard. High-

resolution electron impact mass spectra (HREIMS) were

recorded on a JEOL JMS-700 mass spectrometer in the

Korea Basic Science Institute, Daegu. Silica gel 60 (Merck,

60 - 200 μm) and reversed-phase (RP)-C18 silica gel (Merck,

40 - 63 μm) were used for column chromatography (CC).

TLC was performed using Merck precoated silica gel F254

plates and RP-18 F254s plates. HPLC was performed with

an HPLC Waters system (Waters, Middleton, USA): 1525

Binary pump; Water 2998 photodiode array detector;

YMC Pak ODS column (20 × 250 mm, 5 μm); tR in min.

HPLC solvents were purchased from Burdick & Jackson

(USA).

Plant materials – Citrus unshiu Makov. peels were

purchased from a traditional market in Jeonju-si, Korea,

in February of 2017 and identified by Professor Byung

Sun Min at Daegu Catholic University. A voucher

specimen (21A-CU) was deposited at Lab. of Pharma-

cognogy in College of Pharmacy, Kyungpook National

University, Korea.

Extraction and isolation – The peels of C. unshiu

(10.0 kg) were extracted exhaustively with MeOH under

reflux. The MeOH extract was concentrated in vacuum to

get a brown residue (3.2 kg), which was suspended in

H2O and partitioned with solvents to give five fractions of

n-hexane (70.5 g), methylene chloride (MC, 105.6 g), ethyl

acetate (EtOAc, 66.7 g), n-butanol (30.1 g), and water-

soluble layer (2.9 kg). 

The MC extract (105.6 g) was subjected to the vacuum

liquid chromatography (VLC) silica gel column and

eluted with gradient mixtures of n-hexane-EtOAc (0 -

50%) and MC-MeOH (0 - 100%) to afford 12 fractions

(1A-1L). Fraction 1I (12.8 g) was chromatographed on a

C-18 gel CC using a gradient mixture of MeOH-H2O

(70 - 100%) to obtain eight fractions (2A-2I). Fraction 2B

(6.0 g) was applied to silica gel CC and eluted with a

gradient mixture of MC-acetone (10 - 100%) to give six

fractions (3A-3F) and compound 15 (110.2 mg). Fraction

3A (703.6 mg) was separated by silica gel CC using an

isocratic mixture of MC-acetone (85%) to get 11 fractions

(3A1-3A11). Compounds 6 (15.4 mg, tR = 22.5 min) and

8 (7.5 mg, tR = 40.7 min) were isolated from fraction 3A3

(69.2 mg) by using preparative HPLC and eluting with a

gradient mixture of MeOH-H2O (20-100%, 6 mL/min, 60

min). Fractions 1J-1L (45.0 g) were fractionated by using

a silica gel CC and eluting with a gradient mixture of

MC-MeOH (90 - 100%) to get eight fractions (4A-4H).

Fraction 4C (2.16 g) was further separated by MCI gel

CC and eluted with a gradient mixture of MeOH-H2O

(50 - 100%) to obtain seven compounds 5 (22.3 mg), 9

(7.5 mg), 13 (7.4 mg), and 14 (6.1 mg). Fraction 4E (3.17

g) was applied to MCI gel CC and eluted with an

isocratic mixture solvent of MeOH-H2O (50%) to yield

seven fractions (5A-5G). Compounds 3 (5.8 mg) and 4

(7.2 mg) were purified from fraction 5B (530.4 mg) by

using Sephadex LH-20 and eluting with 100% MeOH.

The water fraction (2.93 kg) was eluted over HP-20

Diaion CC with MeOH-H2O (0:1 -1:0) to obtain four

fractions (6A-6D), consecutively. Fraction 6C (308.6 g)

was continuously subjected to VLC with a gradient

mixture of MC-MeOH-H2O (5:1:0.1-7:3:0.5) to yield 12

fractions (7A-7L). Fraction 7C (25.8 g) was applied to

silica gel CC and eluted with a gradient mixture of MC-

MeOH-H2O (5:1:0.1-7:3:0.5) to get ten fractions (8A-8J).

Fraction 8I (2.1 g) was separated by using MCI gel CC

and a gradient mixture of MeOH-H2O (30-100%) to

afford compounds 17 (97.8 mg), 18 (11.5 mg), and 12

fractions (9A-9L). Fraction 7D (7.9 g) was isolated by

MCI gel CC with a gradient mixture of MeOH-H2O (30-

100%) to get 15 fractions (10A-10O). Compound 12

(30.2 mg) was isolated from fraction 10B (2.3 g) by using

MCI gel CC and eluting with a gradient of MeOH-H2O

(30-100%). Fractions 10C and 10D (1.29 g) were applied

to MCI gel CC and eluted with a gradient mixture of

MeOH-H2O (30-100%) to get seven fractions (11A-11G).

Fraction 11B (163.5 mg) was separated by preparative

HPLC and a gradient mixture of MeOH-H2O (20-50%, 6

mL/min, 60 min) to contain compounds 1 (2.7 mg, tR =

42.0 min) and 2 (14.8 mg, tR= 44.0 min). Compound 10

(77.6 mg, tR = 16.0 min) were also yielded from fraction

11D (232.1 mg) by using preparative HPLC with an

isocratic mixture of MeOH-H2O (40%, 6 mL/min, 60

min). Fraction 11E (503.6 mg) was chromatographed on

MCI gel CC eluting with an isocratic mixture of MeOH-

H2O (30%) to give compound 11 (43.6 mg).

3-Methyl-but-2-en-1-yl-1-O-β-xylopyranosyl-(1ʺ→

2ʹ)-O-β-glucopyranoside (1): Colorless crystals; UV

(max, nm, log ε) 210; IR (νmax): 3488, 2950, 2833, 1033,

1021; 1H and 13C: see Table 1; HR-FAB-MS m/z

403.1584 [M+Na]+ (calc. 403.1584 for C16H18O10Na).
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1-O-β-Glucopyranosyl-6-hydroxy-2-methyl-hep-2-

enoic acid (2): Colorless oil; UV (max, nm, log ε) 210;

IR (νmax): 3363, 2981, 2864, 1033; 1H and 13C: see Table

1; HR-ESI-MS m/z 343.1368 [M+Na]+ (calc. 343.1369

for C14H24O8Na).

Determination of NO production and cell viability 

The level of NO production was determined by measuring

the amount of nitrite present in cell culture supernatants,

as described previously. Briefly, the RAW264.7 cells (1 ×

106 cells/well) were stimulated with or without 1 μg/mL

LPS (Sigma Chemical Co., St. Louis, MO) for 24 h in the

presence or absence of the test compounds (10 μM). The

cell culture supernatant (100 μL) was then reacted with

100 μL of Griess reagent (1% sulfanilamide in 5%

phosphoric acid and 0.1% naphthyl ethylenediamine

dihydrochloride in distilled H2O). The absorbance at 540

nm was determined with a microplate reader (Molecular

Devices, Emax, Sunnyvale, CA, USA), and the absorption

coefficient was calibrated by using a sodium nitrite

(NaNO2) solution standard. Cell viability was measured

with an MTT-based colorimetric assay. For this experi-

ment, celastrol was used as a positive control. 

Statistical analysis  Values are expressed as mean ±

S.E.M.

Result and Discussion

The methanol extract of C. unshiu was subjected to

various gel CC and HPLC to give two new compounds (1

and 2), and 16 known terpenoids (3 - 18). The chemical

structures of known compounds were identified to be (S)-

menthiafolic acid (3),5 (3R)-8-hydroxylinalool (4),6

(1S,2S,4R)-limonene-1,2-diol (5),6 (Z)-2-(2,4-dihydroxy-

2,6,6-trimethylcyclohexylidene) acetic acid (6),7 citroside

A (7),8 (+)-dehydrovomifoliol (8),9 (‒)-dehydrovomifoliol

(9),10 corchoionoside B (10),11 corchoionoside C (11),11

abscisyl β-D-glucopyranoside (12),12 1β,4β-dihydroxyeu-

desman-11-ene (13),13 alismoxide (14),14 limonin (15),15

nomilin acid 17-O-β-ᴅ-glucopyranoside (16),16 nomilin

17-O-β-ᴅ-glucopyranoside (17),17 and ubacunone 17-O-β-

ᴅ-glucopyranoside (18)17 by comparing the spectroscopic

data with those reported in the literature (Fig. 1). 

Compound 1 was purified as a white amorphous

powder. Its molecular formula was determined as C16H28O10

Fig. 1. Chemical structures of isolated compounds from Citrus unshiu peels.
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by HR-FAB-MS at m/z 403.1584 [M+Na]+ (calc. for

C16H28O10Na, 403.1580). The aglycone moiety of com-

pound 1 consisted five carbons including two methyl

carbons at δC 25.9 (C-4) and 18.1 (C-5), a quaternary

carbon at δC 138.3 (C-3), an olefinic carbon at δC 121.7

(C-2), and an oxygenated methylene carbon at δC 66.7 (C-

1). The 1H NMR spectrum revealed the existence of two

methyl groups at δH 1.80 (3H, s, H-4) and 1.74 (3H, s, H-

5), two aliphatic protons at δH 4.38 (1H, dd, J = 6.5, 11.6

Hz, H-1) and 4.24 (1H, dd, J = 7.5, 11.6 Hz, H-1), and an

olefinic proton at δH (5.40, 1H, m, H-2) (Table 1).

Therefore, the structure of the aglycone moiety was

determined to be methyl-but-2-en-1-yl. The coupling

constant of two anomeric protons at δH 4.44 (1H, d, J =

7.7 Hz, H-1ʹ) and 4.56 (1H, d, J = 7.7 Hz, H-1ʺ) as well

as 13C NMR data (Table 1) δC 101.8 (C-1ʹ), 83.3 (C-2ʹ),

77.9 (C-3ʹ), 77.8 (C-5ʹ), 71.4 (C-4ʹ), 62.4 (C-6ʹ) and 105.7

(C-1ʺ), 77.3 (C-3ʺ), 75.4 (C-2ʺ), 71.1 (C-4ʺ), 67.1 (C-6ʺ)

indicated the presence of a β-glucopyranosyl moiety and

a β-xylopyranosyl moiety as natural products. The

correlation of these sugars was determined to be

xylopyranosyl-(1→2)-glucopyranoside because a carbon

signal at 2-position of glucose was significantly shifted

downfield (δC 83.3) compared with that of an unsub-

stituted β-glucopyranoside (Fig. 2). In addition, the

position and linkage of these sugars were confirmed by

the HMBC connection of H-1ʺ with C-2ʹ (Fig. 2). The

location of the sugar part at δC 66.7 (C-1) of aglycone

moiety was illustrated by HMBC correlations from H-1ʹ

to C-1. Thus, the structure of compound 1 was deter-

mined to be 3-methyl-but-2-en-1-yl-1-O-β-xylopyranosyl-

(1ʺ→2ʹ)-O-β-glucopyranoside, as shown in Fig. 2.

Compound 2 was obtained as a white amorphous

powder. Its molecular formula was determined as

C14H24O8 by HR-ESI-MS at m/z 343.1368 [M+Na]+ (calc.

for C14H24O8Na, 343.1369). The presence of the β-

glucopyranosyl group was suggested by the characteristic

chemical shifts δC 95.5 (C-1), 74.0 (C-2), 78.1 (C-3), 71.1

(C-4), 78.8 (C-5), 62.3 (C-6); δH 5.56 (1H, d, J = 7.8 Hz,

H-1ʹ), 3.35 – 3.50 (4H, m, H-2ʹ, H-3ʹ, H-4ʹ, H-5ʹ), 3.71

(1H, dd, J = 1.5, 12.0 Hz, H-6ʹa), 3.86 (1H, dd, J = 4.6,

12.0 Hz, H-6ʹb) and coupling constant of its 1H NMR

spectrum. (Table 1). The presence of the 6-hydroxy-2-

methylhep-2-enoic acid in the aglycone was elucidated by

the COSY correlations of H-3/H-4, H-4/H-5, H-5/H-6, H-

6/H-7 and HMBC correlations of H-8 with C-1, C-2, C-3

Table 1. 1H and 13C NMR spectroscopic data (500 and 125 MHz) of compounds 1 and 2 in Methanol-d4 
a

No.
1 2

δC δH
 (J, Hz) δC δH

 (J, Hz)

1 66.7
4.38, 1H, dd (6.5, 11.6)
4.24, 1H, dd (7.5, 11.6)

168.1

2 121.7 5.40, 1H, m 128.4

3 138.3 145.3 6.96, 1H, dd (1.2, 7.5)

4 25.9 1.80, 3H, s 26.2 2.35, 2H, td (7.5, 14.8)

5 18.1 1.74, 3H, s 38.6 1.58, 2H, dt (7.0, 13.9)

6 ‒ ‒ 67.9 3.77, 1H, d (6.2)

7 ‒ ‒ 23.5 1.20, 3H, d (6.2)

8 ‒ ‒ 12.3 1.90, 3H, s

1ʹ 101.8 4.44, 1H, d (7.7) 95.5 5.56, 1H, d (7.8)

2ʹ 83.3 2.42, 1H, mc) 74.0 3.35-3.50, 1H, mc)

3ʹ 77.9 3.29, 1H, mb,c) 78.1 3.35-3.50, 1H, m c)

4ʹ 71.4 3.36, 1H, mb) 71.1 3.35-3.50, 1H, m c)

5ʹ 77.8 3.57, 1H, m b,c) 78.8 3.35-3.50, 1H, m c)

6ʹ 62.7
3.90, 1H, dd (3.7, 8.5)
3.71, 1H, dd (5.8, 12.0)

62.3
3.86, 1H, dd (1.5, 12.0)
3.71, 1H, dd (4.6, 12.0)

1ʺ 105.7 4.56, 1H, d (7.3) ‒ ‒

2ʺ 75.4 3.29, 1H, m c) ‒ ‒

3ʺ 77.3 3.39, 1H, m c) ‒ ‒

4ʺ 71.1 3.53, 1H, m c) ‒ ‒

5ʺ 67.1
3.90, 1H, m c)

3.23, 1H, m c)

aAssignment was confirmed by 1H−1H COSY (500 MHz), HMQC, and HMBC (500/125 MHz) experiments. b) Overlapped. c) Interchangeable
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and H-3 with C-1. The molecular formula and the

chemical shift of the hydroxyl group at C-6 (δC 67.9). The

connection of the glucosyl group and aglycone was

confirmed by the HMBC correlation of H-1ʹ with C-1

(Fig. 2). Its absolute configuration remains undetermined

due to the small amount available. Consequently, the

structure of compound 2 was elucidated as 1-O-β-

glucopyranosyl-6-hydroxy-2-methyl-hep-2-enoic acid.

In previous studies, the anti-inflammatory effect of the

extracts from C. unshiu peels has been demonstrated,

which highly suppressed LPS-induced NO production

without cytotoxicity on RAW264.7.18,19 The extract of C.

Fig. 2. Key 1H- 1H COSY and HMBC correlations of 1 and 2. 

Fig. 3. Effect of compounds on NO production in RAW264.7 cells.

RAW264. 7 cells were pretreated with a concentration of 10 μM of terpenoids (1 - 18, A) and indicated concentrations of 10, 30, and
100 μM of compound 15 (B) for 30 min, followed by the stimulation with LPS (1 μg/ mL). The data are expressed as a percentage of the
control levels.
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unshiu peels also inhibited the mRNA levels and protein

expression of LPS-induced iNOS and COX-2 in a

concentration manner.18,19 To evaluate the inhibitory effect

of terpenoids (1 - 18) on LPS-induced NO production in

RAW264.7 cells, RAW264.7 cells were treated with LPS

(1 μg/mL) in the presence of terpenoids (1 - 18) at a

concentration of 10 μM for 24 h, and then the levels of

NO in the culture supernatants were measured by Griess

reaction. The stimulation of LPS to RAW264.7 cells led

to an increase in NO production levels, however, limonin

(15) was presented to inhibit LPS-induced NO production

whereas the others did not show significant inhibitory

effect (Fig. 3A). All isolates (1 - 18) were tested on their

cytotoxic activities against RAW 264.7 cells by MTT

assay and cell viability was not significantly affected after

24 h at a concentration of 10 μM, suggesting that the

inhibitory effect of these compounds did not relate to their

toxicity. Furthermore, limonin (15) was continuously

tested the concentration-dependent inhibition of NO

production and cytotoxicity at the different concentrations

of 10, 30, and 100 μM. As shown in Fig. 3B, limonin (15)

exhibited the inhibitory effect in a concentration-

dependent manner. Compound 15 did not show any

decrease in cell survival, even though at a concentration

of 100 μM. This result is consistent with the previous

study reporting that limonin can effectively inhibit the

excessive production of NO in RAW264.7 macrophages

activated by LPS.20 Limonin (15) is a natural tetracyclic

triterpenoid compound and a well-known limonoid that

possesses various biological activities, including anti-

inflammatory and analgesic, antibacterial, antiviral, and

anti-insect, anticancer, antioxidant, liver protection activities,

neuroprotection, anti-osteoporosis, anti-obesity, anti-allergy.
21 Taken together, these findings support limonin to be

used as a useful natural candidate for inflammation-

related activities on the further mechanism. Thus, our

study suggests that limonin isolated from C. unshiu may

be used as an inhibitor of inflammatory diseases.
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