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Abstract: Formosan sweet gum (Liquidambar formosana
Hance) is a tree species endemic in Taiwan. In this study,
the composition of balsam from L. formosana has been
determined by several chromatographic and spectro-
scopic techniques. Among the 26 compounds identified,
three new triterpenoids were detected, namely, 20,30
dihydroxyolean-12-en-28-al (1), 3o-hydroxyolean-12-en-
30-0l (2), and 3o-hydroxyolean-2-oxo-12-en-28-al (3). The
most abundant volatile compounds were [3-caryophyllene
(22.7%), o-pinene (23.3%), and B-pinene (19.6%), and
the most abundant nonvolatile compounds were 30.,25-
dihydroxyolean-12-en-28-oic acid (12, 19.1%), oleanonic
aldehyde (9, 14.0%), and betulonic acid (15, 13.4%). The
compounds 30,25-dihydroxyolean-12-en-28-oic acid and
bornyl cinnamate were found to be inhibitory for white rot
(Lenzites betulina) and brown rot (Laetiporus sulphureus)
fungi.
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Introduction

Research on wood and bark extractives have increasing
importance as they are environmentally benign sources of
antimicrobial compounds and are useful chemicals with a
variety of medical and industrial applications (Lim et al.
2007; Mburu et al. 2007; Binbuga et al. 2008; Borges et al.
2008; Gao et al. 2008; Smeds et al. 2011).

Tree exudates are also known as sources of phytomedi-
cines, perfumes, and flavors for more than seven centuries
(Oztiirka et al. 2008). They have potentially a great eco-
nomic value. Commercially exploited tree exudates include
damar from Dipterocarpaceae, rosin and turpentine from
Pinus spp., and frankincense from Boswellia spp. (Rijkers
et al. 2006). According to the classification of Hillis (1987),
tree exudates can be divided into nine groups: resin, gum,
kino, latex, manna, amber, balsam, maple sugar, and crys-
talline compounds. Trees, particularly conifers, contain
oleoresins composed of sesquiterpenoids and diterpe-
noids, which occur in resin ducts or blisters in the bark
(Hillis 1987; Byun-McKay et al. 2003; Holmbom et al. 2008).

Balsam as a resinous exudate can be obtained by
damaging the tree bark of various shrubs and trees includ-
ing Liquidambar spp. or Myroxylon spp.; it has a fragrant
aroma and pungent taste. Storax is a well-known balsam
since ancient times; it is produced by Liquidambar orien-
talis (Hamamelidaceae) and used as an aromatic fixative.
Formosan sweet gum (Liquidambar formosana Hance) is
a deciduous tree native to Taiwan. Its leaves are downy
and violet-red when the tree is young, and turn to deli-
cate shades of rose in autumn (Fordham 1961). The stem
belongs to the economically important heartwood species,
which can be used for construction, furniture, and mush-
room cultivation, just to mention a few. Like L. orientalis,
L. formosana also produces a balsamic exudate, named
resina liquidambaris), which has numerous medical
applications in Asian folk medicine, such as promoter of
blood circulation, alleviator of blood stasis, analgesic, and
anti-inflammatory and wound-healing agent (Kan 1977).
Yang et al. (2011) identified 10 pentacyclic triterpenoids,
but it can be presumed that there are still interesting and
valuable undetected compounds in resina liquidambaris.
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In the present study, both volatile and nonvolatile
compounds of resina liquidambaris and their antifungal
effects will be further elucidated and quantified by means
of modern analytical techniques.

Materials and methods

Instruments: Optical rotation (PerkinElmer 241 polarimeter, Foster,
CA, USA), UV (Bio-Tek pQuant MQX200 ELISA reader, Winooski,
Vermont, USA), and infrared data (PerkinElmer Spectrum 100 FT-
IR spectrometer, Foster, CA, USA). 'H nuclear magnetic resonance
(NMR), BC NMR, heteronuclear single-quantum coherence (HSQC),
heteronuclear multiple-bond correlation (HMBC), 'H-'H correlation
spectroscopy (COSY), and distortionless enhancement by polariza-
tion transfer (DEPT) spectra were obtained on a Varian Unity Inova
600 MHz and 400 MHz spectrometer with CDCL, as the solvent. High-
resolution electrospray ionization mass spectrometry (ESI-MS) data
were obtained on a Thermo/Finnigan Quest MAT 95XL mass spec-
trometer. High-performance liquid chromatography (HPLC) was car-
ried out over a Phenomenex column (5 um, 250 mmx10 mm, Phe-
nomenex); Shodex RI-101 detector. Open column chromatography
was carried out over silica gel (4x30 cm; 60—80 mesh; Merck).

Detection of volatile compounds by SPME

The solid-phase microextraction (SPME) method was applied. The
SPME holder and carboxen-polydimethylsiloxane (75 um) were pur-
chased from Supelco (Bellefonte, PA, USA). Before use, SPME fibers
were conditioned by heating in the hot injection port of a gas chroma-
tograph at 250°C for 20 min to remove contaminants. One milligram
of balsam was placed in a 20-ml sample vial sealed with parafilm. The
vial was placed in a water bath (27+2°C) and conditioned for 20 min
without fiber. Then, an SPME fiber was introduced into the vial and
exposed to the headspace above the wood meal for 10 min. After this,
the fiber was immediately inserted into the injection port of the gas
chromatograph equipped with a heated SPME liner (250°C for 10 s).

Fragrance analysis by GC/MS

Instrument: ITQ Series gas chromatography-mass spectrometry (GC/
MS) system (Thermo) equipped with a DB-5 column (30 mx0.25 mm
inside diameter, 0.25 um film thickness, ] & W Scientific). Tempera-
ture program: 50°C for 1 min, heated at 3°C min? to 200°C and held
for 4 min. Injector temperature, 230°C; ion source temperature,
250°C; electron impact, 70 eV; carrier gas, He at 1 ml min?; and mass
range, 45-425 m/z. Quantification: percentage peak area with a re-
sponse factor of 1.0. MS library: Wiley/NBS Registry of Mass Spectral
Data, National Institute of Standards and Technology (NIST) search;
authentic reference compounds were also used.

NMR analyses of nonvolatile compounds

The solvent and internal standards were CDCl, and tetramethylsi-
lane (TMS), respectively. 'H, ®C, COSY, nuclear Overhauser effect
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spectroscopy (NOESY), HSQC, and HMBC NMR spectra were recorded
with standard pulse sequences of the instrument. For 'H NMR, the
chemical shift (8) is reported in parts per million (ppm) relative to
TMS. The & values were referenced to CDCL, (7.24 ppm). First-order be-
havior was assumed in the analysis of '"H NMR spectra; the multiplici-
ties are indicated by the usual abbreviations (s, singlet; d, doublet;
t, triplet; m, multiplet; and br, broad). For 2C NMR, the & values were
referenced to CDCL, (77.0 ppm).

Balsam collection, isolation, and
identification of its components

Balsam of Formosan sweet gum (1.45 g) was collected in September
2009 at the campus of National Chung-Hsing University, Taichung,
Taiwan. The solution in n-hexane gave 0.62 g of solvent and an n-
hexane-insoluble fraction. The latter was dissolved in ethyl acetate
(EtOAc) and gave 0.77 g of soluble fraction and an insoluble fraction
(0.16 g). The n-hexane-soluble fraction was further separated by
HPLC on a Luna silica column eluted with an n-hexane/EtOAc solvent
system and led to the compounds junenol (4, 10.2 mg) (Niwa et al.
1976), bornyl cinnamate (5, 74 mg) (Wu et al. 2002), and cinnamyl
cinnamate (6, 32.2 mg) (Li et al. 2010) (Figure 1). The EtOAc-soluble
fraction was further separated by HPLC (Luna silica column) eluted
with an n-hexane/EtOAc solvent system, which led to 13 compounds:
20, 3a-dihydroxyolean-12-en-28-al (1, 30.5 mg), 3o-hydroxyolean-
12-en-30-0l (2, 23.2 mg), 3o-hydroxyolean-2-oxo-12-en-28-al (3, 32.6
mg), 30,28-dihydroxyolean-12-ene (7, 21.0 mg) (Zhang et al. 2008),
28-hydroxy-B-amyrone (8, 23.7 mg) (Yuerueker et al. 1998), oleanonic
aldehyde (9, 15.2 mg) (Kuddus et al. 2011), 3-oxoolean-12-en-28-
oic acid (10, 23.4 mg) (Nguyen et al. 2005), 3-oxoolean-12-en-28-yl
acetate (11, 19.7 mg) (Honda et al. 1997), 30,,25-dihydroxyolean-12-en-
28-oic acid (12, 25.7 mg) (Sakai et al. 2004), 3,28-dioxobetulin (13,
32.7 mg) (Nunez et al. 2005), 3-oxobetulin (14, 18.2 mg) (Kim et al.
2002), betulonic acid (15, 12.3 mg) (Kitajima and Tanaka 1989), and
3-oxoursa-12-en-28-al (16, 14.3 mg) (Nasini and Piozzi 1981) (Figure 1).
The structures of these compounds were elucidated and confirmed
by spectroscopic analyses.

Trimethylsilylation and GC/MS analysis
of balsam

The compounds of the balsam (4.0 mg), 1-16 (1.0 mg each), were
weighed with analytical precision and were dissolved in 50 ul of
pyridine and 25 ul MSTFA in 2-ml Reacti vials. Vials were heated in a
water bath at 50°C for 1 h. The solution was blow-dried with N, and
the residual was dissolved in EtOAc at a suitable concentration. The
injector block temperature was 280°C; heating program of the col-
umn: 50°C, - 260°C at 8°C min?, - 280°C at 0.5°C min™.

Evaluation of antifungal activities

The antifungal activity of the balsam and its derivatives was tested
with Lenzites betulina (BCRC35296, white rot fungus) and Laetiporus
sulphureus (BCRC35305, brown rot fungus). The tests were performed
in triplicate and the data were averaged. Different concentrations of the
balsam (50, 100, 200 pg ml?) and compounds (30 pg ml?) were added
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Figure1 Structure of compounds isolated from balsam of Formosan sweet gum. 1: 2¢,30-dihydroxyolean-12-en-28-al; 2: 3o-hydroxyolean-
12-en-30-ol; 3: 30-hydroxyolean-2-oxo-12-en-28-al; 4: junenol; 5: bornyl cinnamate; 6: cinnamyl cinnamate; 7: 30,28-dihydroxyolean-12-
ene; 8: 28-hydroxy-B-amyrone; 9: oleanonic aldehyde; 10: 3-oxoolean-12-en-28-oic acid; 11: 3-oxoolean-12-en-28-yl acetate; 12: 30.,25-
dihydroxyolean-12-en-28-oic acid; 13: 3,28-dioxobetulin; 14: 3-oxobetulin; 15: betulonic acid; 16:3-oxoursa-12-en-28-al.



4 =—— S.-C.Chien et al.: Antifungal activity of Formosan sweet gum balsam

to sterilized potato dextrose agar. The testing plates were incubated at
27°C. When the mycelium of fungi reached the edge of the control plate
the antifungal index (AI) was calculated: Al (%)=(1-D_/D,)x100, where
D, is the diameter of the growth zone in the experimental dish (cm),
and D, is the diameter of the growth zone in the control dish (cm).

Results and discussion

The balsam fractionation and analysis gave rise to 26 com-
pounds, which were partly volatile and nonvolatile.

Identification of volatile compounds

The volatile compounds of the balsam liquidamba-
ris resina were collected by the SPME technique and 10
of them were identified (Table 1). The balsam is rich in
o-pinene (23.3%), B-caryophyllene (22.7%), and B-pinene
(19.6%). Liu et al. (2010) found by means of in vitro and
in vivo assays that B-caryophyllene and o-pinene possess
strong inhibitory activity in Aphis gossypii against acetyl-
choline esterase, polyphenol oxidase, carboxylesterase,
and glutathione S-transferase. The quoted authors con-
cluded that B-caryophyllene and o-pinene are important
insecticidal compounds with characteristic diversity of
action mechanisms. B-Caryophyllene and o-pinene play
probably the key role in the insecticide mechanism.

Identification of nonvolatile compounds

In this study, 16 nonvolatile compounds (Figure 1) were
isolated and purified from liquidambaris resina by

RT (min) Compounds KI* Conc.(%) Identification by®
7.90 o-Pinene 936 23.27 KlI, MS, ST
8.39 Camphene 950 2.99 KlI, MS, ST
9.44 B-Pinene 977 19.62 Kl, MS, ST
9.99 B-Myrcene 990 10.90 KlI, MS, ST

10.98 o-Terpinen 1016 0.86 Kl, MS, ST
11.29 B-Cymene 1024 1.51 KI,MS

11.48 Limonene 1029 8.39 KI, MS, ST
12.75 &-Terpene 1059 2.05 KI, MS, ST
14.03 Terpinolene 1087 1.21  Kl, MS, ST
28.51 pB-Caryophyllene 1418 22.67 Kl, MS, ST

Table1 Volatile compounds from balsam of Formosan sweet gum
found by SPME analysis.

2Kovats index (KI) relative to n-alkanes on a DB-5 MS column.
®MS: NIST and Wiley libraries and literature. RT, retention time; ST,
authentic standard compounds.
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semi-HPLC. Among them, compounds 1-3 are new. The
spectral data of the known compounds 4-16 are in agree-
ment with those reported in the literature.

The detailed structural elucidation of the new com-
pounds is as follows.

Compound 1 was obtained as an amorphous solid. Its
molecular formula was established as C, H, O, by ESI-MS
at m/z 456 and BC as well as DEPT spectra. Seven singlet
methyl groups and one singlet aldehyde signal as well as
one olefinic resonance but no germinal olefinic signals
were found in the 'H and ©C spectra (Table 2). Accordingly,
compound 1 is an oleanane-type terperpenoid. Its HMBC
(Figure 2a) correlations of oxygenated carbon [ 78.9 (C-3)]
with H-23 (8 1.14) and H-24 (8 0.85) and NOESY (Figure 2b)
correlations of & 3.42 (H-3) with H-23 and H-24 are inter-
preted as a 3o-axial hydroxy orientation. The coupling
constant of H-2 (br d, J=12.0 Hz) is a hint to 2a-equatorial
hydroxy orientation. The position of the aldehyde was
established by HMBC (Figure 2a) correlations of C-17 (8
£49.1) and C-18 (5 40.3) with H-28 (6 9.39) and NOESY (Figure
2b) correlation between H-18 (8 2.62) and H-28. The HMBC
(Figure 2a) correlations of C-9 (8 47.2) with H-12 (6 5.34) and
C-18 (40.3) with H-12 confirmed that the olefinic proton at
C-12 is the usual oleananoid one. 2D NMR (HSQC, HMBC,
COSY, and NOESY) experiments allowed us to make an
unambiguous and complete assignment of the 'H and 2C
NMR spectra of 1. The structure of compound 1 was thus
assigned as 2a,30-dihydroxyolean-12-en-28-al, which is a
new triterpenoid.

Compound 2 is a 12-oleanene derivative with seven
singlet methyl groups [ 0.85, 0.87, 0.89, 0.93, 0.94, 0.96
1.17 (s)] as well as one hydroxymethyl group [d 3.21, 3.55
(d, J=11.0 Hz)] and an olefinic proton [ 5.19 (t, J=3.0 Hz)].
The HMBC (Figure 2c) correlations of oxygenated carbon
[6 76.1 (C-3)] with H-23 (8 0.96) and H-24 (5 0.85) and
NOESY (Figure 2d) correlations of 6 3.41 (H-3) with H-23
and H-24 demonstrated the 3a-axial hydroxy orientation.
The HMBC (Figure 2c) correlations of C-20 (8 30.6) with
H-29 (6 0.87) and H-30 (8 3.21, 3.55) and NOESY (Figure 2d)
correlations of H-30 with H-18 (8 1.96) confirmed the pres-
ence of the 30-hydroxymethyl group. This is an evidence
for the structure of compound 2 as 3o-hydroxyolean-12-
en-30-ol, which is not yet described. HSQC, HMBC, COSY,
and NOESY techniques also confirmed the assigned
structure.

Compound 3 was obtained as an amorphous solid;
its molecular formula was established as C, H, O,
by ESI-MS at m/z 454 and *C NMR and DEPT spectra.
The 'H and “C NMR spectral data (Table 2) show some
resemblance to compound 1 except the relatively low
field chemical shifts of C-2 (6 211.0). The 3a-hydroxy
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No. Compound 1 Compound 2 Compound 3
8, (ppm), J (H2) 8 (ppm) 3, (ppm), J (H2) 8. (ppm) 8, (ppm), / (H2) 8. (ppm)
1 1.209, 1.62° 41.7 1.28 m, 1.32° 33.0 2.06 d (16.0) 53.1
2.46 d (16.0)
2 3.99 brd (12.0) 66.5 1.0m, 1.69m 25.4 211.0
3 3.42d(2.4) 78.9 3.41brs 76.1 3.89s 82.8
4 38.3 37.3 49.1
5 1.19° 48.0 1.24d(12.0, 2.4) 48.9 1.44m 54.4
6 1.45% 17.9 1.44m 18.2 1.66° 18.5
7 1.08 m, 1.64° 26.6 1.342,1.52° 31.0 1.10 m, 1.662 26.7
8 39.7 39.9 40.0
9 1.62° 47.2 1.67 t(8.4) 47.3 1.83m 47.5
10 38.2 36.9 43.6
11 1.91m 23.3 1.87m 23.4 1.59%,1.98 td 22.0
(13.2, 3.6)
12 5.34 (3.0) 123.0 5.19t(3.0) 122.4 5.35t(3.6) 122.4
13 143.0 144.1 143.2
14 41.7 41.7 41.8
15 1.19%, 1.47° 27.7 1.533,1.93 m 25.2 1.212,1.48 m 27.6
16 1.56 m 1.98 td (13.8, 4.2) 22.0 1.18%,1.29° 34.0 1.78m,1.92m 23.3
17 49.1 36.9 45.7
18 2.62dd (13.8, 3.6) 40.3 1.96 m 42.3 2.64dd (13.2, 40.3
4.8)
19 1.20%,1.66° 45.5 1.06 m,1.72 m 46.4 1.207, 1.69° 45.5
20 30.6 30.9 30.6
21 1.26 m 33.1 1.30%, 1.54° 32.4 1.26%,1.31m 33.1
22 1.29m,1.47m 32.4 1.182%,1.89° 21.9 1.37 m, 1.59° 32.3
23 1.14s 28.5 0.96 s 28.2 1.19s 29.4
24 0.85s 21.8 0.85s 22.3 0.69 s 16.6
25 0.95s 16.3 0.94s 15.3 0.87 s 16.2
26 0.71s 17.0 0.93s 16.6 0.73s 16.6
27 1.14s 25.7 1.17 s 26.1 1.19s 25.5
28 9.39s 207.7 0.89s 33.2 9.39s 207.3
29 0.91s 33.1 0.87 s 23.6 0.92s 33.0
30 0.925s 23.4 3.21d (11.0) 69.8 0.91s 23.4
3.55d(11.0)

Table 2 'H (600 MHz) and *C NMR (150 MHz) spectroscopic data of compounds 1, 2, and 3 (in CDCL,) (3, ppm; J, Hz).

aSignals are in interference with others.

orientation and 28-aldehyde were confirmed by HMBC
and NOESY spectra. The AB-type geminal protons [d
2.06, d (J=16.0 Hz) and 2.46, d (J=16.0 Hz)] ascribed
to the carbonyl group and the HMBC (Figure 2e) cor-
relations of carbonyl carbon [§ 211.0 (C-2)] with H-1 (8
2.06, 2.46) and H-3 (8 3.89) established the position of
the carbonyl group. HSQC, HMBC, COSY, and NOESY
experiments were also run to assign all proton and
carbon signals for compound 3, which was identified as
3a-hydroxyolean-2-oxo-12-en-28-al.

For qualitative and quantitative analysis of liquid-
ambaris resina, the collected balsam and its isolated
compounds were converted to TMS derivatives. GC-MS
analysis revealed that the most abundant components

were 30,25-dihydroxyolean-12-en-28-oic acid (12, 19.1%),
oleanonic aldehyde (9, 14.0%), and betulonic acid (15,
13.4%) (Table 3).

Evaluation of antifungal activities

Two representative fungal strains of L. betulina
(BCRC35296, white rot fungus) and L. sulphureus
(BCRC35305, brown rot fungus) were selected to test the
antifungal activity of the balsam and its derivatives. The
50% growth inhibition concentrations (IC, ) for L. betulina
and L. sulphureus were 159.7 and 181.1 ug ml?, respectively.
The Als of the dominant compounds at the dosage of 30
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Compound 2 Compound 2

C—=H

A

Compound 3

Figure 2 (a) Key HMBC correlations of compound 1. (b) Key NOESY
correlations of compound 1. (c) Key HMBC correlations of compound
2. (d) Key NOESY correlations of compound 2. (e) Key HMBC correla-
tions of compound 3.

pug ml? are listed in Table 4. Among these compounds,
bornyl cinnamate exhibited the strongest antifungal activ-
ity. The Als for L. betulina and L. sulphureus were 70% and

Compound RT Abundance

(min) (%)
Junenol (4) 14.96 1.2
Bornyl cinnamate (5) 25.43 8.87
Cinnamyl cinnamate (6) 27.33 1.09
30,28-Dihydroxyolean-12-ene (7) 40.22 1.13
3-Oxoolean-12-en-28-oic acid (10) 47.23 6.27
3-Oxoursa-12-en-28-al (16) 50.21 3.75
3-Oxoolean-12-en-28-yl acetate (11) 50.67 1.92
3,28-Dioxobetulin (13) 51.99 2.52
Oleanonic aldehyde (9) 52.68 13.96
28-Hydroxy-B-amyrone (8) 53.75 6.71
30,25-Dihydroxyolean-12-en-28-oic acid (12)  56.13 19.12
Betulonic acid (15) 57.35 13.41
3-Oxobetulin (14) 58.71 3.74

Table 3 Qualitative and quantitative analysis of balsam from
Formosan sweet gum.

DE GRUYTER

Tested compounds Al (%)

L. betulina L. sulphureus
Betulonic acid (15) 24 35
28-Hydroxy-B-amyrone (8) 30 29
Oleanonic aldehyde (9) 42 35
3-Oxoolean-12-en-28-oic acid (10) 35 48
3,28-Dioxobetulin (13) 54 48
3-Oxobetulin (14) 40 38
30,25-Dihydroxyolean-12-en-28- 62 63
oic acid (12)
Bornyl cinnamate (5) 70 47
Cinnamyl cinnamate (6) 55 39

Table 4 Antifungal activities of compounds (30 ug ml?) against
white rot fungus L. betulina and the brown rot fungus L. sulphureus.

47%, respectively. 30,25-Dihydroxyolean-12-en-28-oic acid
also expressed significant activity against both fungi with
Als of 62% and 63%, respectively.

Conclusion

The bark of Formosan sweet gum (Liquidambar for-
mosana Hance) produces a colorless, fragrant gum-like
exudate upon mechanical damage. In this study, 26
volatile and nonvolatile compounds, among them 13
triterpenoids, 2 sesquiterpenoids, 9 monoterpenoids,
and 2 cinnamyl derivatives were identified. Three of
these compounds, 20,3a-dihydroxyolean-12-en-28-al (1),
3a-hydroxyolean-12-en-30-ol (2), and 3o-hydroxyolean-
2-0x0-12-en-28-al (3), were not yet described. The most
abundant volatile compounds in L. formosana balsam
were caryophyllene (22.7%), o-pinene (23.3%), and
B-pinene (19.6%), whereas the nonvolatile fraction of the
balsam was rich in 30,25-dihydroxyolean-12-en-28-oic
acid (19.1%), oleanonic aldehyde (14.0%), and betulonic
acid (13.4%). The antifungal activity tests against L. betu-
lina and L. sulphureus IC revealed values of 159.7 and
181.1 ug ml?, respectively. Bornyl cinnamate and 3c,25-
dihydroxyolean-12-en-28-oic acid showed the most sig-
nificant antifungal activity.
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