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Chemistry and Bioactivity of Royal Jelly from Greece
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Twenty-five compounds were identified from the dichloromethane and methanol extracts of royal
jelly from Greece. Among them, 16 compounds are reported for the first time as royal jelly constituents,
whereas 7 of them are isolated for the first time as natural products. The 7 new compounds were
fatty acid derivatives: 10-acetoxydecanoic acid (1), trans-10-acetoxydec-2-enoic acid (2), 11-
oxododecanoic acid (3), (11S)-hydroxydodecanoic acid (4), (10R,11R)-dihydroxydodecanoic acid (5),
3,11-dihydroxydodecanoic acid (6), and (11S),12-dihydroxydodecanoic acid (7). The structures of
the isolated compounds were determined by spectroscopic methods, mainly by the concerted
application of 1D and 2D NMR techniques (HMQC, HMBC) and mass spectrometry. The studied
sample and the isolated compounds were tested for their antimicrobial activity against Gram-positive
and Gram-negative bacteria and fungi and exhibited interesting activities.
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INTRODUCTION Additionally, a substantial part of royal jelly is made of
proteins, which form~50% of its dry mass. The most studied

Royalll jFIIydis 6} secLetiotr; of the malllr)?ibular and hypopha- proteins of royal jelly are the major royal jelly proteins (MRJPS)
ryngea glands ot Worker eebpis me ! era}(Hymenoptera‘\,' and royalisin, which have immunoregulatory and antibacterial
Apidae), involved in the sexual determination and longetivity ¢ cts (7.8).

of the queen. This secretion is a yellowish, creamy, and acidic Despite numerous studies, beginning in 1852, dedicated to

][ngtf”al W'th.la ?Ilghtlyt pgntgentt odor t"’;]nd ?Zte' R?V?A Jellly 'Sd the chemical composition of royal jelly, which have resulted in
oef wg?ﬂg(r)sra:n%((?rroﬁgso bﬂt ?toisrgogile ?20 d ;‘yfgeoqugenroboee the identifi(_:atio_n _of the principal c_Iasses of components,
' > . knowledge in this field has remained incomplete. One possible
for both her Jarval and adult lifel). Royal JeIIy_ has been  roason for the incomplete chemical characterization of royal jelly
. . i i . e o Tcould be the fact that it is a very expensive raw material. The
experimental animals, including antitumor activig),(antimi- aim of this study was the isolation, structure elucidation, and

crobial (3), va_spdilative, an(_j hypot_ensive activities, incr_ease_in biological testing of the secondary metabolites of Greek royal
growth rate, disinfectant action, anti-hypercholesterolemic activ- ;

; o e . elly.
ity, and anti-inflammatory activity (4). Therefore, royal jelly ety
has been widely used in commercial medical products, health
foods, and cosmetics in many countries for more than 30 years.

The unique and chemically most interesting feature of royal . ; i
jelly is its fatty acids contents. Unlike fatty acids of most animal sured with a Perkin-Elmer 341 polarimeter. IR spectra were recorded
. . . . LT on a Perkin-Elmer Paragon 500 instrument. NMR spectra were recorded
and plant m.ate”als’ which consist r.namly of their tri-, di-, and - g1 ker DRX 400 and Bruker AC 200 spectrometéts$ (400 and
monoglyceride forms along with minor amounts of free fatty 509 MHz) andt*c (50 MHz)]; chemical shifts are expressed in parts
acids, royal jelly fatty acids are free short-chain fatty acids per million downfield from TMS. The!H—!H and H—13C NMR
containing 8-12 carbons and are usually either hydroxyl or experiments were performed using standard Bruker microprograms. GC-
dicarboxylic fatty acids. The major fatty acid in royal jelly is MS analysis was carried out on a Hewlett-Packard 6890-5973 system
trans-10-hydroxydec-2-enoic acid, and it is noteworthy that no operating in EI mode, equipped with a 305n0.25 mm i.d., 0.2%m
other natural product containirtgans-10-hydroxydec-2-enoic ~ HP-5 MS capillary column. The temperature program was as follows:
acid has been reported, not even other bee products. Previou§ROM 60°C (5 min) to 280°C at a rate of 3C/min; the injection
studies with deuterated substrates have revealed that the royajeMPerature was 20T. The identification of the compounds by GC-

jelly fatty acids are de novo biosynthesized in the mandibular MS Was based on comparison of their retention indices (RI), obtained
usingn-alkanes (6-Czs), and on comparison of their EI-mass spectra

glands of the honey bees, 6). with the NIST/NBS, Wiley library spectra, and the literatur@).(
Additionally, the identification of compounds by GC-MS was performed

* Author to whom correspondence should be addressed (telephone by co-injection with commercially available samples. CI-MS spectra
+30210 7274595; fax-30210 7274115; e-mail ichinou@pharm.uoa.gr). were determined on a Finnigan GO®us mass spectrometer using

MATERIALS AND METHODS

General Experimental Procedures.Optical rotations were mea-
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CH, as the CI ionization reagent, and ESMS and HRMS were
performed on a AEI MS-90 spectrometer.

Medium-pressure liquid chromatography (MPLC) was performed
with a Blichi model 688 apparatus on columns containing4®um
of silica gel 60 (Merck). Thin-layer chromatography (TLC) was
performed on plates coated with silica gel 68470.25 mm (Merck).

Material. The samples of royal jelly were collected in northwestern
Greece (Arta region) in May 2002. The samples were kept2d °C
until analysis.

Extraction and Isolation of Compounds. One kilogram of fresh
royal jelly was lyophilized and gave 331.6 g of dry powder that was
then extracted for 48 h with Gi€l, (3 x 2 L) and then with MeOH
(3 x 2 L). After evaporation of the solvent from the dichloromethane
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extract, the residue (32.0 g) was submitted to column chromatography Figure 1. Structures of isolated fatty acids (1-7).

(7.0 cm) containing 900 g of 4063 um silica gel 60 (Merck) with
cyclohexane/EtOAc (from 100:0 to 70:30 gradient) as eluent to afford
200 fractions of 200 mL each: fractions AR10, cyclohexane eluate;
fractions A11-A70, cyclohexane/EtOAc (90:10) eluate; fractions A71
A150, cyclohexane/EtOAc (80:20) eluate; fractions A151—A200,
cyclohexane/EtOAc (70:30) eluate. Fractions AFAB2 afforded
sebacic acid (400 mg)10Q), fractions A113-A120 afforded 10-
hydroxydecanoic acid (850 mg) (10), and fractions A132—A200
affordedtrans-10-hydroxydec-2-enoic acid (12 g) (11).

Fractions A15—A70 (110 mg) were rechromatographed on MPLC
(1.8 x 23 cm) with cyclohexane/EtOAc (95:5 to 93:7) to afford 50
fractions (B1—B50) of 10 mL each: fractions BB20, cyclohexane/
EtOAc (95:5) eluate; fractions B21—B50, cyclohexane/EtOAc (93:7)
eluate. Fractions B30B45 afforded methyp-hydroxybenzoate (50 mg)
(10).

Fractions A83-A95 (1.2 g) were rechromatographed on MPLC (3.0
x 23 cm) with cyclohexane/EtOAc (90:10 to 85:15) to afford 75
fractions (C1—C75) of 10 mL each: fractions €C23, cyclohexane/
EtOAc (90:10) eluate; fractions C24C75, cyclohexane/EtOAc (85:
15) eluate. Fractions C21C28 afforded 10-acetoxydecanoic acid (
(120 mg), and fractions C37C54 affordedrans-10-acetoxydec-2-enoic
acid (2) (170 mg).

GC-MS analysis of fractions C8C20 also revealed the presence
of p-hydroxyacetophenone, acetovanillodedecalactonegd-octalac-
tone, octanoic acid, 8-hydroxyoctanoic acid, and methyl 3-hydroxy-
decanoate.

Fractions C60—C72 (540 mg) were rechromatographed on MPLC
(1.8 x 23 cm) with cyclohexane/EtOAc (85:15) to afford 40 fractions
(D1—-D40) of 10 mL each: fractions D25D34 afforded 11-oxodode-
canoic acid (3) (185 mg).

Fractions A96—A105 (1.6 g) were rechromatographed on MPLC
(3 x 23 cm) with CHCI,/MeOH (100:0 to 98:2) to afford 60 fractions
(E1-E60) of 10 mL each: fractions EIE10, CHCI, eluate; fractions
E11—-E30, CHCI/MeOH (99:1) eluate; fractions E3TE60, CHCI,/
MeOH (98:2) eluate. Fractions E+E26 afforded 9-hydroxy-2-
nonanone (265 mg).

Fractions E31—E60 (940 mg) were rechromatographed on MPLC
(3 x 23 cm) with CHCI,/MeOH 98:2 to afford 75 fractions (F1
F75) of 10 mL each: fractions F20F33 afforded 3-(4-hydroxy-3
methoxyphenyl)propionic acid (155 mg)Z), and fractions F45—F68
afforded (11S)-hydroxydodecanoic acid (4) (168.5 mg).

After evaporation of the solvent from the methanol extract, the
residue (141.65 g) was diluted with distilled water (1 L) and extracted
with EtOAc (3 x 1 L). The EtOAc residue (7.8 g) was submitted to
column chromatography (5.0 cm) containing silica gel 60 (Merck) (300
g, 40—63um) to afford 59 fractions of 200 mL each: GG11,
cyclohexane/EtOAc (85:15) eluate; fractions G1243, cyclohexane/
EtOAc (50:50) eluate; fractions G44559, EtOAc eluate. Fractions
G5—G8 afforded 24-methylenecholesterol (307 mg) @8,

GC-MS analysis of fractions G+3520 also revealed the presence
of sitosterol and isofucosterol.

Fractions G32 G54 afforded 3,10-dihydroxydecanoic acid (810 mg).

Fractions G23-G31 (300.6 mg) were rechromatographed on MPLC
(1.8 x 23 cm) with CHCI/MeOH (99:1) to afford 152 fractions (H1
H152) of 10 mL each. Fractions H#H80 afforded (10R,11R)-
dihydroxydodecanoic acid (5) (15 mg).

Fractions H40—H64 (100 mg) were rechromatographed on MPLC
(1.8 x 23 cm) with EtOAc/MeOH (99.5:0.5) to afford 42 fractions of
10 mL each (I11—142). Fractions 120—129 afforded 3-hydroxydode-
canedioic acid (12.6 mg).Fractions H9B8123 (166 mg) were rechro-
matographed on MPLC (1.8 23 cm) with CHCI./MeOH (99.5:0.5)
to afford 50 fractions of 10 mL each (3D50). Fractions J26J32
afforded 3,11-dihydroxydodecanoic ac#) (5.3 mg). Fractions J39
J50 afforded (11R),12-dihydroxydodecanoic acid (7) (10 mg).

All of the known compounds were identified by comparison of their
NMR and MS data with literature values. All collected fractions were
estimated by TLC using eluent systems similar to those used in the
relative column chromatographies.

3,10-Dihydroxydecanoic acidwvhite powder; [a}% 1.1° (c 0.15,
MeOH); [a]?®36 8.2° (¢ 0.15, MeOH); [0F%s6512.9° (¢ 0.15, MeOH);

IR (CaR, MeOH) vmax = 1711 cn1t; *H NMR (CD;OD/TMS, 400
MHz, ¢, J in Hz) 3.92 (1H, m, H-3), 3.49 (2H, {] = 6.0 Hz, H-10),
2.40 (1H, ddJ = 15.2, 4.7 Hz, H-2a), 2.32 (1H, dd,= 15.2, 8.1 Hz,
H-2b), 1.48 (2H, m, H-9), 1.43 (2H, br s, H-4), 1.30 (8H, br s,+8;

13C NMR (CDsOD, 50 MHz,8) 175.9 (C-1), 69.3 (C-3), 62.9 (C-10),
43.3 (C-2), 38.0 (C-4), 33.6 (C-9), 30.6 (C-6), 30.5 (C-7), 26.8 (C-5),
26.6 (C-8); EIMS (70 eV) 168 (5%), 155, 138, 109, 98, 89, 84, 71, 55
(100%); ES-MS, m/z227 (M + Na)*, 205 (M + H)*; HRESMS,m/z
227.1256 (calcd for GHxoNaQy: 227.1259).

(10R,11R)-Dihydroxydodecanoic ackj:(amorphous colorless solid;
[a]?> 6° (c 0.2, MeOH); IR (Cak, MeOH) vmax = 1710 cntt; H
NMR (CDsOD/TMS, 400 MHz,9, J in Hz) 3.54 (1H, quintJ = 6.4
Hz, H-11), 3.34 (1H, m, H-10), 2.26 (2H, §,= 7.4 Hz, H-2), 1.58
(2H, quint,J = 7.4 Hz, H-3), 1.36-1.40 (12H, br s, H49), 1.14 (3H,

d, J = 6.4 Hz, H-12);3C NMR (CD;OD, 50 MHz,9) 178.5 (C-1),
76.3 (C-10), 71.5 (C-11), 33.6 (C-2), 30.4 (C4-7), 30.3 (C-9), 30.2
(C-8), 26.8 (C-3), 18.1 (C-12); EIMS (70 eV) 168 (5%), 155, 138,
109, 98, 89, 84, 71, 55 (100%;.S-MS, m/z255 (M + Na)*, 233 (M
+ H)*; HRESMS,m/z 255.1569 (calcd for GH24NaO,: 255.1572).
3,11-Dihydroxydodecanoic acid (6amorphous colorless solid;
[a]?% 2.2° (c 0.2, MeOH); IR (Cak, MeOH) vmax =1711 cn1t; H
NMR (CDsOD/TMS, 400 MHz,6, J in Hz) 3.95 (1H, m, H-3), 3.71
(1H, hex,J = 6.0 Hz, H-11), 2.42 (1H, dd] = 15.2, 4.7 Hz, H-2a),
2.33 (1H, ddJ = 15.2, 8.1 Hz, H-2b), 1.41 (2H, m, H-10), 1.34 (12H,
br's, H4-9), 1.15 (3H, dJ = 6.0 Hz, H-12);3C NMR (CD;OD, 50
MHz, 6) 175.9 (C-1), 69.7 (C-3), 68.6 (C-11), 44.0 (C-2), 40.2 (C-
10), 38.1 (C-4), 30.8 (C-7), 30.7 (C-6, C-8), 26.9 (C-5), 26.7 (C-9),
23.5 (C-12):ES-MS, m/z255 (M + Na)t, 233 (M+ H)"; HRESMS,
m/z255.1567 (calcd for GH..NaQs: 255.1572).

(11S,12)-Dihydroxydodecanoic acif){ amorphous colorless solid;
[a]?% —1.7°(c 0.2, MeOH); IR (Cak, MeOH) vmax= 1710 cn1t; H
NMR (CD;OD/TMS, 400 MHz,6, J in Hz) 3.53 (1H, m, H-11), 3.45
(2H, dd,J = 4.7, 11.3 Hz, H-12b), 3.39 (2H, dd,= 6.4, 11.3 Hz,
H-12a), 2.18 (2H, tJ = 7.3 Hz, H-2), 1.58 (2H, m, H-3), 1.44 (2H,
m, H-10), 1.31 (12H, br s, H49); 13C NMR (CD;OD, 50 MHz, 8)
179.3 (C-1), 71.5 (C-11), 65.3 (C-12), 34.2 (C-2), 33.2 (C-10), 29.7
(C-7,8), 29.5, 29.3, 29.2 (C-4,5,6), 24.7 (C-3), 22.9 (CPB-MS,
m/z255 (M + Na)*, 233 (M + H)*; HRESMS,m/z255.1568 (calcd
for Ci2HoaNaQy: 255.1572).

trans-10-Acetoxydec-2-enoic acid (Zmorphous colorless solid;
IR (NaCl, CHCl,) vmax = 1728, 1697 cmt; *H NMR (CDCL/TMS,
400 MHz, 9, J in Hz) 7.0 (2H, dtJ = 15.5, 7.2 Hz, H-3), 5.80 (1H,
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d,J = 15.5 Hz, H-2), 4.03 (2H, tJ = 7.2 Hz, H-10), 2.21 (2H, ¢} The fungi were grown on Sabouraud’s agar at°@5for 48 h. The

= 7.2 Hz, H-4), 2.02 (3H, s, C#€0), 1.60 (2H, quint] = 7.2 Hz, experiments were repeated three times, and the results (diameters in

H-9), 1.45 (2H, quintJ = 7.2 Hz, H-5), 1.31 (6H, br s, H6—8}3C millimeters) were expressed as average values.

NMR (CDCls, 50 MHz,0) 171.3 (CHCO), 171.0 (C-1), 152.2 (C-3), The MIC values of the most active compounds, in the previous

120.6 (C-2), 64.6 (C-10), 32.2 (C-4), 29.0 (C-6,9), 28.5 (C-7), 27.7 experiment, were determined using the dilution methdg) {n 96-

(C-5), 25.8 (C-8), 21.0 GHs;CO); CI-MS, m/z 229 (M + H)T; hole plates. Stock solutions of the tested extracts and pure compounds

HRESMS,m/z251.1255 (calcd for GHxoNaO,: 251.1259). were prepared at 10 and 1 mg/mL, respectively. Serial dilutions of the
10-Acetoxydecanoic acid (1amorphous colorless solid; IR (NaCl,  stock solutions in broth medium (1Q0. of Mtiller—Hinton broth or

CH,Clp) vmax = 1728, 1713 cmt; 'H NMR (CDClL/TMS, 400 MHz, on Sabouraud broth) were prepared in a microtiter plate (96 wells).

0, Jin Hz) 4.03 (2H, t,J = 7.2 Hz H-10), 2.33 (2H, tJ = 7.4 Hz Then 1ul of the microbial suspension (the inoculum, in sterile distilled

H-2), 2.03 (3H, s, CKCO—), 1.60 (4H, m, H-3,9), 1.251.35 (10H, water) was added to each well. For each strain, the growth conditions

br s, H4—8); 3C NMR (CDCk, 50 MHz, §) 179.8 (C-1), 171.2 and the sterility of the medium were checked, and the plates were
(CHsCO), 64.7 (C-10), 33.9 (C-2), 29.7, 29.3, 29.2, 29.0 (C-4,5,6,7), incubated as referred above. MICs were determined as the lowest
28.6 (C-9), 25.9 (C-8), 24.7 (C-3), 21.1 (@EO); CI-MS,m/z231 (M concentrations preventing visible growth. The standard antibiotic

+ H)*; HRESMS,m/z253.1413 (calcd for GH2NaQ,: 253.1416). netilmicin (at concentrations of-488 ug/mL) was used to control the
(11S)-Hydroxydodecanoic acid)( amorphous colorless solicdy[*» sensitivity of the tested bacteria, whereas 5-flucytocine and itraconazole
1.54°(c 0.2, CHC}); IR (CaR, MeOH) vmax =1710 cn7?; 1H NMR (at concentrations of 0:525 ug/mL) were used as controls against the

(CDCITMS, 400 MHz,6, Jin Hz) 3.77 (1H, hexJ = 6.3 Hz, H-11), tested fungi.

2.32 (2H, tJ = 7.4 Hz, H-2), 1.61 (2H, quint) = 7.4 Hz, H-3), 1.16

(3H, d,J = 6.3 Hz, H-12), 1.251.40 (14H, br s, H410); 1°C NMR RESULTS AND DISCUSSION

(CDCl;, 50 MHz, 8) 178.8 (C-1), 68.0 (C-11), 38.8 (C-10), 33.7 (C- ) ) o

2)’ 29.7, 29.6, 29.5, 29.3, 29.2 (C-8,7,5,6,4), 25.7 (C_g)’ 24.2 (C-3), One kllogl‘am Of Gre-ek r-0ya| ]e”y was |y0ph|l|zed and
23.3 (C-12); CI-MSmz 217 (M+ H)*; HRESMS,m/z 239.1619 (calcd extracted successively with dichloromethane and methanol. The

for CioHpNaOy: 239.1623). extracts were submitted to several chromatographic separations,
11-Oxododecanoic acidB]: amorphous colorless solid; IR (NaCl, and the isolated compounds were identified by means of

CHCl3) vmax = 1711 cn1?; *H NMR (CDClL/TMS, 400 MHz,0, Jin spectroscopic and spectrometric data.

Hz) 2.40 (2H, tJ = 7.5 Hz, H-10), 2.33 (2H, ) = 6.9 Hz, H-2), 2.12 Among the isolated compounds the most abundant ones were

(3H, s, H-12), 1.64 (4H, m, H-3,9), 1.28.54 (10H, br s, H-48); 10-hydroxy-2-decenoic acid, 10-hydroxydecanoic acid, and

113(():) ’\égﬂg((é:g)cggsg('\cﬂqzz')a)zgzggfg(f-;;)é 1279823 ég'é)('c“i-g éC:?'S) sebacic acid, in accordance with literature data (1), and
PO N SR T ATy ET S5 ey €54 e5 A 2 0O additionally 3,10-dihydroxydecanoic acid.

. -9): ClI- + '
247 (C-3), 23.9 (C-9); CI-MSm/z215 (M + H)™; HRESMS, m/z The dichloromethane extract after several column chromato-

237.1464 (calcd for GH-NaG;: 237.1467). . . . .
3-Hydroxydodecanedioic acidmorphous colorless solid 1.2 graphic separations afforded fatty and phenolic compounds:

(c 0.1, MeOH):'H NMR (CD:OD/TMS, 400 MHz,6, J in Hz) 3.96 methyl p-hydroxybenzoate (methyl paraben), 3-(4-hydroxy-3
(1H, m, H-3), 2.42 (1H, ddJ = 4.8, 14.8 Hz, H-2a), 2.34 (1H, dd, methoxyphenyl)propionic acid, 9-hydroxy-2-nonanone, (11S)-
= 8.2, 14.8 Hz, H-2b), 2.27 (2H, § = 7.2 Hz, H-11), 1.59 (2H, m, hydroxydodecanoic acid (4), sebacic adigns-10-hydroxy-
H-10), 1.46 (2H, br s, H-4), 1.33 (10H, br s, H9); 13C NMR (CDs- 2-decenoic acid, 10-acetoxydecanoic at)d 11-oxododecanoic
OD, 50 MHz,0) 177.0 (C-12), 174.0 (C-1), 69.2 (C-3), 43.0 (C-2), acid (3), 10-acetoxy-2-decenoic acid (Pyhydroxyacetophe-
37.8 (C-4), 34.8 (C-11), 30.4, 30.3, 30.1, 29.9 (C-5,6,7,8,9), 25.9 (C- none, acetovanilloned-decalactonep-octalactone, octanoic
10); HRESMS,m/z269.1362 (calcd for GHzNaGs: 269.1364). acid, 8-hydroxyoctanoic acid, and methyl 3-hydroxydecanoate.
9-Hydroxy-2-nonanoneamorphous colorless soli¢ki NMR (CDs- The last seven constituents were identified by GC-MS. It is
OD/TMS, 400 MHz,0, Jin Hz) 3.62 (2H, t.J = 6.7 Hz, H-9), 240, y0yorthy that methyl paraben, which is widely used as a

(2H, t,J = 7.4 Hz, H-3), 2.11 (3H, s, H-1), 1.541.30 (10H, br s, hetic food . h b f d |
H4-8): 13C NMR (CD:OD, 50 MHz,3) 208.5 (C-2), 62.9 (C-9), 43.7 synthetic food preservative, has been found as a natural

(C-3), 32.6 (C-8), 29.8 (C-1), 29.6 (C-5), 29.1 (C-6), 25.5 (C-7), 23.6 constituent of royal jelly. It is also interesting that the same

(C-4); EI-MS (70 eV),miz 157, 125, 111, 97 (8%), 82 (32%), 71 (30%), compound has been found from queen bees’ exti) (

58 (95%), 43 (100%); HRESM$)/z181.1200 (calcd for gHigNaOy: The methanol extract afforded steroids and fatty acid com-

181.1204). pounds such as 24-methylenecholesterol, sitosterol, isofuco-
Antimicrobial Assay. In vitro antibacterial studies were carried out  sterol, 3-hydroxydodecanedioic acid, R01R-dihydroxydode-

according to the disk diffusion metho) by measuring the zones of  canoic acid (5), 3,11-dihydroxydodecanoic acid (6), (11R,12)-

inhibition against two Gram-positive bacteritaphylococcus aureus  dihydroxydodecanoic acid), and 3,10-dihydroxydecanoic acid.

(ATCC 25923) andStaphylococcus epidermididTCC 12228); four The compounds sitosterol and isofucosterol were identified by

Gram-negative bacteri&gscherichia col{ATCC 25922) Enterobacter GC-MS.

cloacae(ATCC 13047),Klebsiella pneumoniaéATCC 13883), and From those constituents, (B(L1R)-dihydroxydodecanoic acid

Pseudomonas aerugino$ATCC 227853); and three human pathogen . ; - -
fungi, Candida albicangATCC 10231),Candida tropicalis(ATCC (5), 3,11-dihydroxydodecanoic acié)( (11S,12)-dihydroxy-

13801), andCandida glabrata(ATCC 28838). In addition, the tests ~dodecanoic acid7), 10-acetoxydecanoic acid){ 10-acetoxy-
were performed against the oral pathogens Gram-positive bacteriadec-2-enoic acid2), 11-oxododecanoic acid), and (15)-
Streptococcus mutarend Streptococcusiridans, obtained from the  hydroxydodecanoic aciddf are isolated and described herein
culture collection of the Laboratory of Microbiology of the Anticancer  for the first time as natural products. Compouddsnd6 had
Hospital of Athens “St. Savvas”. Standard antibiotics netilmicin, been tentatively identified in royal jellylf and3 in queen bees’
itraconazole, and 5-flucytocine (Sanofi, Diagnostics Pasteur, at con- excretions (17) as methyl esters without any supporting data.
centrations of 30, 15, and 1@/mL) were used to control the sensitivity Additionally, the constituents methpthydroxybenzoate, 3-(4-

of the_ te_sted t_)acteria anq fungi, respectively, Wh_ereas standard hydroxy-3methoxyphenyl) propionic acié:hydroxy-2-nonanone,
sanguinarine (Sigma Chemical Co.) was used especially for the Oralhp-hydroxyacetophenone, acetovanillodedecalactoneg-oc-

pathogens. The tested compounds were dissolved in MeOH. For eac
experiment a control disk with pure solvent was used as blind control. talactone, methyl 3-hydroxyldecanoate, and 3-hydroxydode-

All of the paper disks had a diameter of 6 mm and were deposited on c@nedioic acid are reported for the first time as royal jelly
the surface of the seeded trypticase soy agar Petri dishes. The plate§Onstituents.

were inoculated with the tested organisms to give a final cell ~ Although 3,10-dihydroxydecanoic acid has been isolated
concentration of 10cells/mL and were incubated for 48 h at 3. earlier (18), itstH NMR and**C NMR spectra have never been
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described. Additionally!H and'3C NMR data have never been Due to the small amount of the isolated compound the absolute
described for 9-hydroxy-2-nonanone (19) and 3-hydroxyde- stereochemistry could not be determined.
canodioic acid 20), which have been identified as natural The molecular formula of was determined by HRMS as
products by GC-MS. Ci12H2404. The ES-MS spectrum showed a structure revealing

The molecular formula ob was determined by HRMS as  peaks atm/z 255 (M + Na)" and 233 (M+ H)*. The IR
C12H2404. The ES-MS spectrum showed signals at 255 (M spectrum of7 indicated the presence of a carbonyl group at
Na)" and 233 (M+ H)™. The IR spectrum o6 indicated the 1710 cntt. The'H NMR spectrum was to a large extent similar
presence of a carbonyl group at 1710 ¢émits 'H NMR to that of5, making it obvious thaf was also a dihydroxylated
spectrum showed a doublet at 1.14 pphe=(6.4 Hz) integrating linear C-12 aliphatic fatty acid. One significant difference was
for three protons corresponding to a terminal methyl group. the absence of the signal of the terminal methyl protons.
Additionally, several aliphatic signals were observed: a broad Additionally, two double doublets at 3.39 ppm+36.4, 11.3
singlet at 1.30—1.40 ppm (H-4—8), a quintet at 1.58 pprm=(J  Hz) (H-12a) and 3.45 ppmJ(= 4.7, 11.3 Hz) (H-12b) and a
7.4 Hz) (H-3), and a triplet at 2.26 ppm 8 7.4 Hz) (H-2) multiplet at 3.53 ppm (H-11) were observed. All of these peaks
integrating for 10, 2, and 2 protons, respectively. The COSY were cross-coupled in the COSY spectrum. The HMQC and
spectrum showed that the quintet at 1.58 ppm (H-3) was cross-DEPT spectra revealed that the two peaks at 3.39 and 3.45 ppm
coupled with the peaks at 1.3Q.40 and 2.26 ppm, indicating  corresponded to a hydroxymethylene group, whereas the peak
the presence of an aliphatic long chain. The triplet at 2.26 ppm at 3.53 ppm corresponded to a hydroxy-bearing methine. The
(H-2) in the HMBC spectrum was correlated with two aliphatic absence of a terminal methyl group led to the placement of the
carbons at 26.8 ppm (C-3) and 30.4 ppm (C-4) and with a hydroxymethylene group at the terminal position. From all of
carbonyl group at 178.5 ppm (C-1), revealing the presence of these data and especially from the COSY spectrum, the second
a carboxylic fatty acid, which was also supported by the hydroxyl group should be placed at thel position. Conse-
appearance of an IR signal at 1710 dmFurthermore. théH quently, the structure off was determined to be 11,12-
NMR spectrum of5 showed a multiplet at 3.34 ppm (H-10) dihydroxydodecanoic acid. The optical rotation7ofias [0]%°>
and a quintet at 3.54 ppm @& 6.4 Hz) (H-11). The COSY  —1.7°. The absolute configuration of C-11 is propose&asn
spectrum showed that the last two protons were cross-coupledthe basis of the optical rotation of several closely related
From the HMQC and DEPT spectra it was observed that thesestructures such as (7S,8)-dihydroxyoctanoate (22).
two protons corresponded to two hydroxy-bearing methine  The empirical formula of was established by accurate mass
carbons at 76.3 ppm (C-10) and at 71.5 ppm (C-11). Addition- measurement as;gH2¢04. The CI-MS spectrum showed a peak
ally, the proton at 3.54 ppm (H-11) in the COSY spectrum was at 233 (M + H)*. The IR spectrum showed a characteristic
cross-coupled with the terminal methyl group protons. From peak of a conjugated carboxy group at 1697 &rand one
all of these data it is suggested tl&eis a linear aliphatic fatty  additional acetoxy carbonyl at 1728 ctn The NMR profile of
acid chain of 12 carbons with a carboxylic group on one end 2 was very similar to that afrans-10-hydroxydec-2-enoic acid.
and a terminal methyl group on the other, having the two Indeed, the!H NMR spectrum displayed the characteristic
hydroxy-bearing methine carbons at thel andw-2 positions. signals of the trans double bond, namely, a doublet triplet at
The four possible isomers &fhave been described by Achmad 7.0 ppm (J= 15.5, 7.2 Hz, H-3), a doublet at 5.80 ppth=£
et al. 1) as synthetic products. The NMR data%oénd the 15.5 Hz, H-2), and a quartet at 2.21 ppm (H-4) as well as a
optical rotation [of>> 6° were identical with those of the  series of peaks corresponding to a long linear chain at-1.31
described (10R,11R)-dihydroxydodecanoic acid (5). 1.60 ppm. The most important differences in thé NMR

The molecular formula 06 was determined by HRMS as  spectrum were the presence of one singlet at 2.02 ppm
C12H2404. The ES-MS spectrum showed 255 (M Na)* and corresponding to three protons and the downfield shift of the
233 (M+ H)*. The IR spectrum o6 indicated the presence of  triplet, which corresponded at H-10. In the cas@,ahat triplet
a carbonyl group (1711 cm). The'H NMR and 3C NMR was observed at 4.03 ppm, whereas in the caskaof-10-
spectra closely resembled those5pfmaking it obvious thab hydroxydec-2-enoic acid it was at 3.55 ppm. The singlet at 2.02
was also a linear C-12 aliphatic fatty acid with a terminal methyl ppm, indicative of an acetoxy group, in combination with the
group and with two carbons bearing hydroxyl groups. In the change in the chemical shift of H-10, showed that the hydroxyl
case of6 the two H-2 protons in théH NMR spectrum were ~ group at position 10 was acetylated. Indeed, the HMBC
observed as a doublet doublet at 2.42 ppre(15.2, 4.7 Hz) spectrum showed that the carbonyl of the acetoxy moiety was
(H-2a) and 2.33 ppmJ(= 15.2, 8.1 Hz) (H-2b), which were  correlated with H-10. Consequently, compouh trans-10-
correlated in the COSY spectrum with a multiplet at 3.95 ppm acetoxydec-2-enoic acid, which has been reported only as a
(H-3). From the HMQC and DEPT spectra it was observed that Synthetic derivativeZ3). It should be noted that previous studies
this multiplet corresponded to an oxygenated methine at 69.7 (1) on royal jelly that included saponification and subsequent
ppm (C-3). The placement of one of the hydroxyl groups at methylation of fatty acids could not lead to the identification
position 3 was confirmed by the mass spectrum of the Of this type of compound.
synthesized methyl ester 6f That compound gave an unusual The molecular formula ol was determined by HRMS as
intense peak am/z 103, characteristic of methyl esters of C;;H2,04. The CI-MS spectrum showed a peakafz231 (M
3-hydroxy acids 18). The position of the second hydroxyl group + H)*. The IR spectrum ofl indicated the presence of a
was found from the COSY spectrum. In the COSY spectrum, carbonyl group at 1713 cm and an acetoxy carbonyl at 1728
it has been observed that the peak at 3.71 ppm (H-11) thatcm™. TheH NMR spectrum was almost similar to that 2f
corresponded to an oxygenated methine at 68.6 ppm (C-11) washbut in the!H NMR spectrum ofl, the two peaks corresponding
cross-coupled with the terminal methyl. From all of these data, to the double bond were absent. It was obvious that the product
it is suggested tha is a linear C-12 aliphatic fatty acid with 1 had the same structure as that2dbut that it was saturated.
a carboxy group on one end and a terminal methyl group on From all of these data it is suggested thas 10-acetoxyde-
the other, having the two hydroxy-bearing methine carbons at canoic acid. The NMR and MS data tfwere identical with
positions 3 and 11. The optical rotation ®fwas [0 2.2°. those reported for synthetic 10-acetoxydecanoic acid (24).
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Table 1. Antimicrobial Activities (Zones of Inhibition/MIC mg/mL, n = 3) of the Studied Royal Jelly and Its Main Components

S. S. P. E. K. E. S. S. C. C. C.

tested compound aureus  epidermidis  aeruginosa  cloacae  pneumoniae coli mutans  viridans  albicans  tropicalis  glabrata
MeOH extract 16/0.67 16/0.74 14/0.94 12/1.20 12/0.98 10/0.95  14/0.72  15/0.58  10/1.25 11/0.95  11/0.98
CH.Cl; extract 14/0.70 14/0.72 12/0.98 10/1.33 10/1.26 10/0.98  12/0.80  12/0.70  11/1.34  13/0.97  14/0.80
methyl paraben 16/0.45 13/0.78 13/0.75 8/1.50 12/0.90 10/1.10  12/0.98  13/0.80  11/1.10  13/0.90  14/0.85
3,10-dihydroxydecanoic acid 14/0.55 16/0.40 13/0.65 13/0.77 9/1.45 9/1.40 11/0.78  10/0.84  9/1.25 10/0.90  10/1.17
trans-10-hydroxydec-2-enoic acid ~ 12/0.99 12/0.95 14/0.67 12/0.90 9/1.64 8/1.50 12/0.78  12/0.74  9/1.10 11/0.95  10/1.25
sebacic acid 11/0.95 11/0.88 12/0.90 10/1.10 9/1.35 9/1.45 10/1.14  10/095  16/0.20 18/0.18  18/0.15
3-hydroxydodecanedioic acid 16/0.35 18/0.25 14/0.64 14/0.57 15/0.47 12/1.10  17/0.35  18/0.18  14/0.7 15/0.49  15/0.35
9-hydroxy-2-nonanone 16/0.35 15/0.40 10/1.18 9/1.50 10/1.32 11/1.18  14/0.67  14/0.78  NA? NA NA
24-methylenecholesterol NA NA NA NA NA NA NA NA NA NA NA
3-(4-hydroxy-3-methoxyphenyl)- ~ 15/0.67 11/0.99 11/1.12 8/1.63 10/1.25 10115  10/1.37  11/0.90  9/1.45 11112 10117

propionic acid

1 16/0.35 13/0.57 14/0.60 11/0.88 10/1.35 9/1.37 11/0.95  15/054  10/1.18 10/1.20  11/1.00
2 18/0.17 16/0.35 10/1.10 12/0.89 9/1.37 9/1.45 15/0.36  16/0.28  NA NA NA
3 14/0.45 12/0.83 14/0.70 14/0.65 13/0.80 12/0.83  15/045 16/0.37  12/0.67  14/0.45  15/0.26
4 1710.27 16/0.36 13/0.68 14/0.55 14/0.50 13/0.98  18/0.29  17/0.25  13/0.85  14/0.55  15/0.39
5 14/0.60 14/0.57 13/0.70 12/1.10 10/1.25 10117 12/0.80 12/0.78  9/1.35 10/1.27  9/1.87
6 14/0.64 15/0.47 13/0.49 12/0.98 11/0.80 9/1.55 10/1.20  12/0.80  9/1.40 12/0.55  12/0.67
7 14/0.64 13/0.59 12/0.75 13/0.98 9/1.45 10/1.10  13/0.85  14/0.70  9/1.47 9/1.35 10/1.55
sanguinarine NT NT NT NT NT NT 28/0.015 28/0.015 NT NT NT
netilmicin 21/0.004  25/0.004 20/0.088  23/0.008  22/0.008  24/0.010 24/NT 25/INT NT NT NT
itraconazole NT NT NT NT NT NT NT NT 20 22 23
5-flucytocine NT NT NT NT NT NT NT NT 0.01 0.001 0.0001

aNT, not tested; NA, not active.

Accurate mass measurement of compodrsthowed that its
molecular formula was H240s. The IR spectrum of4
indicated the presence of a carbonyl group at 1710%cifhe
NMR profile of 4 was very similar to that of (I®,11R)- The aforementioned isolation procedure was repeated two
dihydroxydodecanoic acid (5). Indeed, thé NMR spectrum more times for royal jelly samples collected from the same
displayed the characteristic signal of the terminal methyl group, region in years 2003 and 2004, and all of the above-described
namely, a doublet at 1.16 ppm (H-12), a quintet at 1.61 ppm constituents were identified.

(H-3), a hexaplet at 3.77 ppm (H-11), and a broad singlet at  Extracts of royal jelly as well as its isolated compounds were
1.25—1.40 ppm (H-4—10) corresponding to a long linear studied for their antimicrobial activity against six Gram-negative
methylene chain. The only important difference inttsNMR and Gram-positive bacterial strajnsvo oral pathogensS.
spectrum was that in the case 4fthe multiplet at 3.34 ppm  mutansandS. viridans), and three human-pathogen fun@i. (
was absent. All of these evidences revealed that protlisca albicans, C. tropicalis, andC. glabrata). The results of these
linear fatty C-12 aliphatic fatty acid with a carboxy group on tests (Table 1) showed interesting and promising antimicrobial
one end and a terminal methyl group on the other, having only activity.

one hydroxy-bearing methine carbon at thel position. The Some of the isolated compounds such as 3-hydroxydode-
precise position of the hydroxyl group was confirmed from the canedioic acid3, and 4 exhibited very strong antimicrobial
COSY spectrum. In the COSY spectrum it was observed that activity against all assayed microorganisms. The most active
the proton at 3.77 ppm (H-11) was cross-coupled with the constituents agains®. aureus,S. epidermidis, and the oral
terminal methyl. Consequently, the products 11-hydroxy- pathogensS. mutansand S. viridans were 3-hydroxydode-
dodecanoic acid. The absolute stereochemistd wéas found canedioic aci®2 and4, with MIC values ranging from 0.17 to
asSon the basis of the comparison of optical rotation with that 0.36 mg/mL. Methyl paraben and 9-hydroxy-2-nonanone es-
of (9R)-hydroxydecanoic acid (25). pecially showed specific activity again§. aureusand S.

The empirical formula 08 was established by accurate mass epidermidis The Gram-negative bacteria appeared to be the
measurement as;&H,,03. The IR spectrum o8 indicated the most resistant against all pure compounds and extracts assayed,
presence of two overlapped carbonyl groups at 1711'cits with 3-hydroxydodecanedioic acid presented as the most active
IH NMR spectrum showed a singlet at 2.12 ppm integrating one (MIC = 0.47 mg/mL againskK. pneumoniag The higher
for three protons. From the HMQC and DEPT spectra it was activity against all fungi was exhibited by sebacic acid, with
observed that this singlet corresponded to a methyl group atMIC values ranging from 0.15 to 0.20 mg/mL, followed by
29.3 ppm (C-12). The HMBC spectrum showed that this methyl compound3 (MIC values of 0.26-0.67 mg/mL), whereas
group was correlated with a carbonyl group at 209.5 ppm (C- compound (trans-10-acetoxydec-2-enoic acid) and 9-hydroxy-
11), revealing the presence of a €3O group. Furthermore,  2-nonanone were shown to be completely inactive against all
the IH NMR spectrum of3 showed a pair of triplets each  fungi. It is noteworthy that both MeOH and the gEl, extracts
integrating for two protons, at 2.40 pprd € 7.5 Hz) (H-10) also showed a distinguished antimicrobial spectrum of activity
and at 2.33 ppmJ= 6.9 Hz) (H-2). These peaks corresponded (MICs ranging from 0.67 to 1.3 mg/mL), whereas only the
to methylene groups next to carbonyl groups. Indeed, the HMBC above-mentioned pure compounds exhibited much stronger
spectrum showed that the triplet at 2.33 ppm was correlated activities. Especially compoundsand 4 showed the highest
with a carbonyl group at 178.8 ppm (C-1) and that the triplet at as well as widest spectrum of antimicrobial activities compared
2.40 ppm was correlated with a carbonyl group at 209.5 ppm with all assayed extracts and pure compounds.

data, it was obvious that compoudwas also a linear C-12
aliphatic fatty acid, with a carbonyl group at thel position.
Consequently, the produtis 11-oxododecanoic acid.

(C-11). Additionally, thelH NMR spectrum of3 showed a
quintet at 1.64 ppm (H-3,9) and a broad singlet at +.2%54

In conclusion, our studied samples as well as most of the
isolated chemical compounds have shown antimicrobial activity,

ppm (H-4—8) corresponding to a long linear chain. From these confirming its traditional reputation as an antimicrobial agent.
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