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[ABSTRACT] Three new ursane-type triterpenoids, 3-oxours-12-en-20, 28-olide (1), 34-hydroxyurs-12-en-20, 28-olide (2) and 3/-hy-
droxyurs-11, 13(18)-dien-20, 28-olide (3), were isolated from a potent anti-inflammatory and antibacterial fraction of the ethanolic ex-
tract of Rosmarinus officinalis. Their structures were elucidated by a combination of extensive 1D- and 2D-NMR experiments, MS
data and comparisons with literature reports. Compounds 1-3 exhibited significantly inhibitory effects on nitric oxide production in
lipopolysaccharide-activated mouse RAW264.7 macrophages, but no antibacterial activity was found at a concentration of 128

pg-mL™.
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Introduction

Rosmarinus officinalis, originating from the Mediter-
ranean basin, belongs to the Lamiaceae family. It is a woody
and perennial herb with a strong pleasant odor, which is com-
monly named rosemary. Rosemary is one of the most widely
commercialized culinary herbs and has been used as a food
seasoning as well as an antioxidant in processed foods and
cosmetics !, Rosemary is also a medicinal plant and its ex-
tracts or components have strong anti-inflammatory, antiox-
idant, antibacterial, antifungal, antidiabetic and hepatopro-
tective activities . Some studies have reported that the anti-
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inflammatory and antibacterial activities of rosemary extract
are closely related to its compounds such as carnosic acid,
carnosol and ursolic acid *™. However, Elena Arranz et al.
found that the anti-inflammatory activity of carnosic acid and
rosmarinic acid was weaker than that of the crude extract in rose-
mary *'”. Furthermore, some studies suggested that the anti-
bacterial activity was related not only to the major compon-
ents but also to the minor components in the oil "%, To
date, the major components in rosemary that contribute to its
anti-inflammatory and antibacterial activities remain unclear.

In the current study, carnosic acid, carnosol and ursolic
acid were removed from rosemary extracts by chromato-
graphic methods, but the remaining fraction still exhibited
potent anti-inflammatory and antibacterial activities. In the
remaining fraction, three new ursane-type triterpenoids were
isolated, and their structures were elucidated by NMR experi-
ments and mass spectrometry. Furthermore, their anti-inflam-
matory and antibacterial activities were evaluated in vitro.
The results confirmed that the three new compounds dis-
played significantly inhibitory effects on nitric oxide (NO)
production in lipopolysaccharide (LPS)-activated mouse
RAW?264.7 macrophages.

Results and Discussion

Chemical structure elucidation
Compound 1 was purified as white amorphous powder.
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Its molecular formula C;yH4403, requiring nine degrees of
unsaturation, was deduced from HR-ESI-MS at m/z 453.3362
[M + HJ" (Calcd. for C4yH,505, 453.3363) combined with the
NMR data (Table 1). The MS/MS spectrum gave fragment
ions at m/z 435.3255, 407.3306, 389.3200, 201.1636, and

189.1637. Its IR spectrum suggested that it contained car-
bonyl groups (1739 and 1704 cm™"). The 'H NMR spectrum
of 1 displayed six singlets of methyl groups (6y 0.70, 0.94,
1.03, 1.05, 1.17 and 1.25), a doublet of methyl group [6y 0.96
(3H, d, J = 7.0 Hz)], and an olefinic resonance at oy 5.40

Table 1 'H NMR and “C NMR data for compounds 1-3 (J in Hz)
1 2 3
No.
Oy (mult, J) O¢ (mult) Oy (mult, J) O¢ (mult) Oy (mult, J) O¢ (mult)
1.27 (1H, 1.03 (1H, 1.06 (1H,
(2) 1.27 (1H, m) 38.4 (2) 1.03 (1H, m) 38.1 () 1.06 (1H, m) 38.2
(b) 1.65 (1H, m) (b) 1.58 (1H, m) (b) 1.88 (1H, m)
(a) 2.39 (1H, ddd, 12.5, 7.0, 6.5)
342 1.63 (2H, m) 27.2 1.70 (2H, m) 27.2
(b) 2.60 (1H, ddd, 17.3, 7.0, 6.5)
3 215.9 3.23(1H, dd, 11.0, 5.0) 79.2 3.24 (1H, dd, 11.5, 5.0) 79.1
4 47.5 38.9 39.0
5 1.31 (1H, m) 55.4 0.80 (1H, m) 55.7 0.79 (1H, m) 54.9
1.44 (1H, 141 (1H,
6 1.43 (2H, m) 19.9 (a) 1.44 (1H, m) 18.7 (a) 141 (1H, m) 18.3
(b) 1.59 (1H, m) (b) 1.60 (1H, m)
7 1.21 2H, m) 32.1 1.34 2H, m) 327 1.36 (2H, m) 327
8 39.4 39.6 41.4
9 1.79 (1H, m) 47.6 1.79 (1H, m) 48.3 1.98 (1H, m) 54.3
10 37.4 38.0 36.9
(a) 1.00 (1H, m) (a) 1.87 (1H, m)
11 24.0 24.2 6.10 (1H, dd, 10.3, 3.2) 126.1
(b) 1.88 (1H, m) () 2.11 (1H, m)
12 5.40 (1H, br s) 121.2 5.40 (1H, t, 2.8) 121.4 5.73 (1H, dd, 10.3, 2.0) 128.1
13 140.5 140.6 137.4
14 41.9 41.9 41.5
1.62 (1H, 1.10 (1H, ddd, 13.8,5.7, 1.9 B 1.16 (1H, dt, 13.2, 3.5
s () 1.62 (1H, m) iy @1LI0C ) s (@ 116 ) el
(b)2.11 (1H, m) (b) 1.63 (1H, m) (b) 1.55 (1H, m)
6 (a) 1.36 (1H, m) 237 (a) 1.31 (1H, m) i (a) 1.36 (1H, m) )53
(b) 3.22 (1H, dd, 5.8, 14.8) (b) 2.91 (1H, ddd, 15.0, 6.1, 1.9) (b) 2.52 (1H, ddd, 14.1, 4.2, 2.8)
17 39.4 393 42.6
18 1.90 (1H, m) 48.6 1.80 (1H, m) 48.6 134.4
19 1.83 (1H, m) 37.8 1.83 (1H, m) 37.7 2.67 (1H, q, 7.0) 40.8
20 81.5 82.0 83.0
1.57 (1H b) 1.64 (1H 1.76 (1H
) () 1.57 (1H,m) " (b) 1.64 (1H, m) 150 () 1.76 (1H,m) o
(b) 1.65 (1H, m) (a) 1.76 (1H, m) (b) 1.92 (1H, m)
1.43 (1H 1.50 (1H 1.61 (1H
’ () 1.43 (1H, m) 257 () 1.50 (1H, m) 256 () 1.61 (1H, m) 140
(b) 2.02 (1H, ddd, 15.5, 7.0, 5.0) (b) 2.08 (1H, m) (b) 1.96 (1H, m)
23 1.17 3H, 5) 26.3 0.99 (3H, s) 28.2 0.99 (3H, s) 28.0
24 1.05 (3H, s) 21.3 0.79 (3H, s) 15.5 0.78 (3H, s) 15.2
25 0.94 (3H, s) 14.7 0.89 (3H, s) 15.6 0.90 (3H, s) 183"
26 0.70 (3H, s) 15.8 0.72 (3H, s) 16.1 0.70 (3H, s) 16.1
27 1.03 (3H, ) 21.3 1.05 (3H, ) 215 0.94 (3H, s) 18.4"
28 178.4 179.3 176.2
29 0.96 (3H, d, 7.0) 17.3 1.03 3H, d, 6.5) 17.5 1.08 (3H, d, 7.0) 16.4
30 1.25 3H, s) 225 1.31 3H, s) 227 1.40 3H, s) 23.0

'H and "°C NMR data were measured in CsDsN for 1 and CDCl; for 2-3 at 500 and 125 MHz. The assignments were based on DEPT, 'H-'H
COSY, HSQC and HMBC experiments. ‘Data are interchangeable.
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(br s). The >C NMR spectrum associated with DEPT and
HSQC spectra of 1 showed 30 carbon signals, which were
seven methyls, nine methylenes, five methines, and nine qua-
ternary carbons, including one oxygen-bearing carbon at ¢
81.5, two olefinic carbons at 8¢ 121.2 and §¢ 140.5, one ester
carbonyl carbon at 3- 178.4 and one ketocarbonyl carbon at
8¢ 215.9. The above NMR spectroscopic data indicated that 1
was similar to the known ursane-type triterpenoid, a-amyren-

13-14
one l 1

, except for an additional six-membered lactone ring
that satisfied the nine degrees of unsaturation represented by
the molecular formula. In the HMBC spectrum, the long-
range correlations from H-18 (6y 1.90) to C-12, C-13, C-16,
C-19, C-22, C-28 and C-29, from H3-30 (3 1.25) to C-28, C-
20, C-21 and C-19, and from H-16b (&4 3.22) to C-14, C-15,
C-17, C-18, C-22 and C-28 suggested the presence of a six-
membered lactone ring between C-20 and C-28. Accordingly,
the planar structure of 1 was determined (Fig. 1).

The relative stereochemistry of 1 was elucidated by ana-
lysis of the NOESY spectrum, and the correlations between
Me-23/H-5, H-5/H-9, H-9/Me-27, Me-27/H-18, Me-29/H-18
and Me-30 revealed that these protons were cofacial with an
o-configuration, whereas the correlations between Me-25/Me-
24 and Me-26 corresponded to be on the other side of the mo-
lecular plane with a S-orientation (Fig. 2). Based on the above
spectral evidence, the structure of 1 was unambiguously es-
tablished as 3-oxours-12-en-20,28-olide.

Compound 2 was obtained as white amorphous powder.
The HR-ESI-MS at m/z 455.3519 [M + H]" (Calcd. for
C;30H4703, 455.3520), for the formula of C3yHy60;, indicated
eight degrees of unsaturation, which was consistent with the

NMR data (Table 1). The MS/MS spectrum gave fragment
ions at m/z 437.3417, 409.3467, 391.3357, 201.1638, and
187.1481. In the IR spectrum of 2, the absorptions at 3509
ecm ' and 1730 cm™' suggested the presence of hydroxyl and
carbonyl groups respectively. According to the 1D NMR
spectra, the chemical structure of 2 was very similar to com-
pound 1, except that the C-3 carbonyl carbon at 3 215.9 was
replaced by an oxygen-bearing carbon at d- 79.2, and the
proton signal of H-3 appeared at dy 3.23 in 1D NMR data
(Table 1). The relative configuration of 2 was deduced by the
coupling constants and NOESY spectrum. The coupling con-
stants of H-3 at 8y 3.23 (dd, J = 11.0, 5.0 Hz) confirmed that
the 3-hydroxy group was f-oriented. In the NOESY spec-
trum, the correlations between H-3/Me-23, Me-23/H-5, H-
5/H-9, H-9/Me-27, Me-27/H-18, Me-29/H-18 and Me-30 re-
vealed that these protons were cofacial with an a-configura-
tion, and the correlations between Me-25/Me-26 and Me-24
corresponded to the fS-oriented configuration of the molecu-
lar plane. Therefore, the structure of 2 was unambiguously
established as 34-hydroxyurs-12-en-20,28-olide (Fig. 1), and
the assignments of 'H and *C NMR data (Table 1) were fully
achieved.

Compound 3 was obtained as white amorphous powder.
The molecular formula of C;yH4403, with nine degrees of un-
saturation, was supported by HR-ESI-MS at m/z 453.3363
[M + H]" (Calcd. for C4oH4505, 453.3363). The MS/MS spec-
trum gave fragment ions at m/z 435.3257, 407.3308,
389.3202, 201.1637, and 189.1638. The IR spectrum of 3
suggested that it contained hydroxyl and carbonyl groups
(3423 and 1743 cm™"). The NMR spectral data of 3 were sim-

Fig. 1

Chemical structures of compounds 1-3

Fig.2 Key "H-"H COSY (bold lines), HMBC (blue) and NOESY (red) correlations of compound 1

®
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ilar to those of compound 2 except that the olefinic carbons at
Oc 121.4 and 140.6 were replaced by a set of conjugated
double bond carbons at 3 126.1, 128.1, 134.4 and 137.4 in
the °C NMR data (Table 1). The conjugated double bonds of
3 were confirmed by the HMBC spectrum. The long-range
correlations from H-11 (8y 6.10) to C-8, C-9, C-10 and C-13,
from H-12 (6y 5.73) to C-9, C-14, C-17 and C-18, from H;-
29 (8y 1.08) to C-18 and from H;3-27 (6 0.94) to C-18 re-
vealed that the conjugated double bonds were located at C-11
(12) and C-13 (18) in compound 3. In combination with the
NMR data (Table 1), the structure assignment of 3 was unam-
biguously established as 34-hydroxyurs-11,13(18)-dien-20,28-
olide (Fig. 1).
Anti-inflammatory and antibacterial activities

LPS-stimulated RAW 264.7 cells were treated with com-
pounds 1-3 to evaluate their cell viability at concentrations of
50, 25, 10, and 5 pmol-L™", while a control group was simply
stimulated by LPS alone. There were no obvious effects of
the three compounds on cell viability determined by CCK-8
assay, which indicated that the inhibition of NO production in
LPS-activated RAW264.7 cells was not induced by the cyto-
toxicity of the compounds. Furthermore, the three com-
pounds were screened in vitro for their anti-inflammatory ef-
fects on NO production in LPS-activated RAW 264.7 cells
(see Fig. 3). All three compounds exhibited significant inhib-
itory effects on NO production in LPS-activated RAW264.7
cells at a concentration of 50 pmol-L™, especially compound
1, which exerted the strongest anti-inflammatory activity with
NO production of (3.46 + 0.24) umol-L™", compared with the
control (6.98 + 0.10 umol-L™). NO production of com-
pounds 1-3 was (5.35 £ 0.23), (5.33 + 0.07) and (5.74 +
0.08) umol-L™" at a concentration of 10 pmol-L™', which
showed weaker NO inhibition than the positive control drug
hydrocortisone (3.82 + 0.23 pmol-L™).

Compounds 1-3 were evaluated for their antibacterial

NO/pmol-L™
[\S) w2 A= W (=)} ~ [ee]

—_
T

0
CMP 1 2 3

Fig. 3 Effects of nitric oxide (NO) production in RAW246.7
cells treated with hydrocortisone and compounds 1-3. Data
are expressed as mean = SD (n = 3). Statistical analysis was
performed using one-way analysis of variance followed by
Tukey’s multiple comparison test. P < 0.05 and ~ P < 0.01
vs the LPS-treated model group. C: the control group, M:
the model group, P: the positive group
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activities against gram-positive Bacillus subtilis, Staphylo-
coccus aureus and methicillin-resistant Staphylococcus aure-
us (MRSA), and gram-negative Pseudomonas aeruginosa
and Escherichia coli, but they were found to be inactive at a
concentration of 128 pg-mL™".

Experimental

General experimental procedures

Optical rotation values were measured on a JASCO P-
2000 polarimeter (JASCO Inc., Tokyo, Japan). Accurate
mass measurements were performed with a Thermo QE UP-
LC-Orbitrap MS spectrometer (Thermo Scientific Inc.,
Waltham, MA, USA). IR spectra were acquired on a Thermo
Nicolet IS5 FT-IR spectrophotometer (Thermo Scientific
Inc., Waltham, MA, USA). 1D- and 2D-NMR spectra were
acquired in CsDsN and CDCl; with TMS as an internal stand-
ard on Bruker AV-III-500 and Bruker Avance-500 MHz
spectrometers (Bruker Corporation, Billerica, MA, USA and
Rheinstenten, Germany). Residual solvent shifts were refer-
enced to 3y 7.20, d¢ 123.44 in CsDsN, and 6y 7.26, o 77.16
in CDCls, respectively. Preparative HPLC was performed on
a Waters 2535 system with a Waters 2998 dual-wavelength
absorbance detector (Waters Corporation, Milford, MA,
USA), using a SunFire™ C,g preparative column (250 mm X
19 mm, 5 pm) (Waters Corporation, Milford, MA, USA).
Preparative LPLC was performed with Combiflash (ISCO
Companion, Lincoln NE, USA). Column chromatography
was performed with silica gel (160-200 mesh, Qingdao Mar-
ine Chemical, Inc., Qingdao, China), Sephadex LH-20 and
cyanopropyl silica gel (Pharmacia Biotech AB, Uppsala,
Sweden).
Plant materials

The twigs and leaves of Rosmarinus officinalis (herbari-
um No. 20140901) were purchased from Henan Province,
China, in September 2014 and authenticated by Prof. LIN
Peng-Cheng at Qinghai Nationalities University. The vouch-
er specimens were deposited at the herbarium of Beijing Key
Laboratory of Bioactive Substances and Functional Foods,
Beijing Union University, Beijing, China.
Extraction and isolation

The air-dried aboveground part of rosemary (10 kg) was
powdered and extracted with 95%, 85% and 75% aqueous
EtOH at room temperature for 90 min under sonication. The
EtOH extract was evaporated under reduced pressures to
yield a residue. The residue was dissolved in water-saturated
ethyl acetate to obtain a soluble fraction (1.305 kg), and then
the soluble fraction was loaded on a silica gel column eluted
with a gradient of increasing methanol (0-100%, V/V) in
chloroform to give eight fractions (M1-MS8). Fraction M2 ex-
hibited potential inhibitory effects against B. subtilis with an
MIC value of 8 ug'mL™" and significantly inhibitory effects
on NO production in LPS-activated RAW264.7 cells at a con-
centration of 50 ug-mL™".

Fraction M2 (210 g) was subjected to chromatography
over silica gel using a gradient of acetone (0—100%) in petro-

- 158 —



ZHONG Xiang-Jian, et al. / Chin J Nat Med, 2022, 20(2): 155-160

leum ether, and nine fractions (M2-1 to M2-9) were obtained
based on TLC analysis. Fraction M2-3 (13.0 g) was separ-
ated over a Sephadex LH-20 gel and eluted with petroleum
ether/CHCL;/CH;0H (5 = 5 : 1, V/VIV), to afford seven sub-
fractions (M2-3-1 to M2-3-7). Subfraction M2-3-2 (3.2 g)
was then purified by normal phase cyanopropyl silica LPLC
and eluted with petroleum ether (60—90 °C)/acetone (100 : 0
to 50 : 1, V/V), to obtain five fractions (M2-3-2-1 to M2-3-2-
5). M2-3-2-4 (90 mg) was heated and dissolved in methanol.
After cooling, the white precipitate was obtained by filtration,
which was further purified by preparative reversed phase
HPLC and eluted with MeOH/H,O (92 :8, V/V, 18.0
mL-min~', monitor wavelength: 210 nm), to afford 1 (8.0 mg,
tg16 min). Subfraction M2-3-7 (9.0 g) was chromatographed
over a Sephadex LH-20 gel and eluted with petroleum
ether/CHCL;/CH;OH (5 :5: 1, V/V/V)to afford six frac-
tions (M2-3-7-1 to M2-3-7-6). M2-3-7-4 (2.2 g) was separ-
ated by preparative reversed-phase LPLC and eluted with a
gradient of MeOH/H,0O (40 : 60-100 : 0, V/V), to gave nine
fractions (M2-3-7-4-1 to M4-7-4-9). M2-3-7-4-5 (60 mg) was
further separated by preparative reversed phase HPLC, eluted
with MeOH/H,0 (87 : 13, V/¥, 18.0 mL-min"', monitor
wavelength: 210 nm), to afford 2 (12.0 mg, #z 25 min) and 3
(6.0 mg, tz 26 min).
Identification of new compounds
3-Oxours-12-en-20,28-olide (1)

Amorphous white powder; [a]}) — 6.0 (¢ 0.05, CHCl,);
IR Vi CM 't 2947, 2924, 2855, 1739, 1704, 1459, 1384,
1323, 1243, 1222, 1197; HR-ESI-MS m/z 453.3362 [M + H]
(Caled. for C;oHys0s, 453.3363); ' H NMR spectral data
(CsDsN, 500 MHz) and " C NMR spectral data (CsDsN, 125
MHz): see Table 1.
34-Hydroxyurs-12-en-20,28-olide (2)

Amorphous white powder; [a]}) — 30.6 (¢ 0.17, CHCl,);
IR Vi cm 't 3509, 2986, 2939, 2872, 1730, 1657, 1616,
1460, 1384, 1377, 1358, 1324, 1248, 1223, 1179, 1120; HR-
ESI-MS (m/z): 455.3519 [M + H]" (Calcd. for CsH,;05,
455.3520); ' H NMR spectral data (CDCly, 500 MHz) and
C NMR spectral data (CDCls, 125 MHz): see Table 1.
3/-Hydroxyurs-11,13(18)-dien-20,28-olide (3)

Amorphous white powder; [a]}) — 92.0 (¢ 0.35, CHCl,);
UV (MeOH) A, (log &) 259 (4.01), 198 (2.53) nm; IR v,
em ' 3553, 3423, 2936, 2869, 1743, 1630, 1456, 1384, 1354,
1333, 1295, 1268, 1231, 1184, 1129, 1108; HR-ESI-MS
(m/z): 453.3363 [M + H]" (calcd. for C5Hys05, 453.3363); '
H NMR spectral data (CDCl;, 500 MHz) and "C NMR spec-
tral data (CDCls, 125 MHz): see Table 1.
Anti-inflammatory activity assay

Preliminary in vitro anti-inflammatory analyses of the
isolated compounds on NO production in LPS-activated
RAW264.7 cells were performed using established meth-
ods "' with some modifications. The cell viability of the pure
compounds and fractions was tested by CCK-8 assay.
RAW264.7 cells (8 x 10°/well) were seeded in 96-well plates
and incubated for 24 h. The cells was treated with or without

the tested compounds and fractions at given concentrations
for 24 h. Then, 10 pL of CCK-8 solution was added before
incubation at 37 °C for 2 h. The absorbance was measured at
450 nm by a microplate reader (Infinite M Nano, Tecan). The
cell viability was determined by comparison with that of the
untreated cells at 100%.

NO production was measured in the supernatants of
RAW264.7 cells using a NO assay kit (Beyotime Biotech,
Inc. China). The cells were cultured in 96-well (8 x 10*/well)
plates for 24 h and then pretreated with the tested com-
pounds (50, 25, 10 and 5 pmol-L™"), positive control (10
pmol-L™") or fractions (50 ug-mL™") before incubation for 1 h.
Subsequently, LPS (5 pg-mL™") was added and the cells were
cultured for another 24 h. Fifty microliters of the super-
natants were taken to mix with 50 pL of Griess reagent (1%
sulfanilamide, 0.1% naphthylethylenediamine dihydrochlor-
ide and 2.5% phosphoric acid) and shaken at room temperat-
ure for 5 min. The absorbance was detected at 540 nm by a
microplate reader. NO production was calculated according
to a sodium nitrite (NaNO,) standard curve.

Antibacterial activity assay

The minimum inhibitory concentrations (MICs) of the
fractions and isolated compounds against gram-positive B.
subtilis, S. aureus and methicillin-resistant S. aureus (MRSA)
and gram-negative P. aeruginosa and E. coli in 96-well plates
were determined using the broth microdilution method ac-
cording to the Clinical and Laboratory Standards Institute
Guidelines, as previously described """, The bacteria were
cultured in Mueller-Hinton broth. The fractions and pure
compounds were dissolved in DMSO separately and tested at
a final concentration of 128, 64, 32, 16, 8, 4, 2, 1, 0.5, 0.25,
0.125, and 0.0625 pg-mL™". The bacterial cultures (100 uL)
of each strain were added to the wells at an inoculum density
of 5 x 10° CFU'mL"". Samples at each concentration were
added to three bacterial culture wells to ensure the repeatabil-
ity of the experiment. After incubation at 37 °C for 16 h, the
sample at the lowest concentration without visible bacterial
growth was determined as the MIC. Rifampicin was used as a
positive control.
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