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Abstract

Biotransformation of (R)-(+)- and (19-(—)-camphor inSpodoptera litura larvae has been investigated:)¢ and ()-Camphor was
hydroxylated, regio-selective transformatior){camphor to (R,59)-(+)-5-endo-hydroxycamphor, (B ,5R)-(+)-5-exo-hydroxycamphor and
(1R, 7R)-(+)-8-hydroxycamphor. Similarly+)-camphor was transformed to%5R)-(—)-5-endo-hydroxycamphor, ($59)-(—)-5-exo-hydro-
xycamphor and (3,79)-(—)-8-hydroxycamphor. C-8 position of+)- and )-camphor being hydroxylated to a high degree of efficiency
compared with any other biocatalysts. Intestinal bacteria from the frass of larvae did not participate in the metabelisamdf(¢-)-camphor.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction transformation of terpenoids by lepidoptera in insects. In
the present study, the biotransformation of terpenoids was
Terpenoids are known as not only raw materials for fla- attempted by the larvae of common cutwor8pddoptera
vor and fragrance but also biologically active substances. A litura). The reasons for using the larvaeSfitura as a bio-
great majority of biologically active terpenoids are produced logical catalyst are as followed: lepidopteran larvae feed on
as plant secondary metabolites, and these terpenoids havelants contained terpenoids as their diet and, therefore pos-
been shown to have biological activity against plants, mi- sess a high level of enzymatic activity against terpenoids;
croorganisms and insects. Various attempts have been madée worm consumes a large amount of plants, making it
to search for new biologically active terpenoids. However, possible to obtain more metabolites; and the worm is easy
it is difficult that these active compounds were produced to rear on a laboratory scale.
by organic synthesis. Biotransformation is the biologically = Camphor {) is one of the oldest known organic com-
synthetic process that using enzymes in the living body pounds. Many reports on the metabolism bfin mam-
as biocatalysts. The characters of biotransformation aremals and microorganisms have been published, e.g. dogs
as follows: regio- and stereo-selective reaction under mild [1,2], rabbits[2—4], Pseudomonas putida [4—11], Rhodococ-
condition and produced optical active compounds easily. cus rhodocrous [12,13]andStreptomyces griseus [14]. Also
These points suggested that the biotransformation is onethere are reports on the biotransformationldfy cultured
of the ways to produce the biologically active terpenoids. plant cells of SageSalvia officinalis) [15] and Eucalyptus
Previously, it biotransformed using mainly the mammals perriniana [16], however, there is no literature on the bio-
and microorganisms. transformation by the insects.
The investigation in the field of biotransformation of Previously we reported biotransformationceterpinene,
monoterpenoids is gaining more interest: these reactions(+)- and ()-limonene p-menthane skeleton), an@-
are performed by bacteria, fungi, yeasts and even algae.myrcene (acyclic monoterpenoid) by the larvae of common
However, there are few reports in the literature on the bio- cutworm @ litura) [17-19] These studies revealed that
the C-7 position (allylic methyl group) af-terpinene was
* Corresponding author. Tekt81-6-6721-2332: prgfgrentially oxidized. Then)- and (—)—Iimongr)e were
fax: +81-6-6727-4301. oxidized at 8,9-double bond and the C-7 position (allylic
E-mail address: miyazawa@apch.kindai.ac.jp (M. Miyazawa). methyl group).B-Myrcene was oxidized at the 3,10- and
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1,2-double bonds. There have been no studies on the bioration, the fresh frass was extracted as soon as the fourth to
transformation of bicyclic monoterpenoid by the larva&of  fifth instar larvae excreted.

litura.

CompoundLl is isolated from the camphor tre€ifinamo- 2.4. Isolation and identification of metabolites from frass
mum camphora) and one of the major constituents of the
essential oil of common sag&. (officinalis) [20,21] It has The frass were extracted by diethylether (3062 and

a camphoraceous oder and is used commercially as a moththen ethylacetate (300 mi2). Diethylether and ethylacetate
repellent, and as a preservative in pharmaceuticals and cosextracts were mixed, the solvent was evaporated under re-
metics[22]. duced pressure, and 3089 mg of extract was obtained (from
In the present paper, the biotransformation #%-(and about 300 g of frass, a larva excreted about 300-400 mg of
(—)-camphor 1) by the larvae ofS litura is being first frass). The extract was dissolved in ethylacetate, and then
reported wherein we deal with the insects as biocatalysts, andwas added to the 5% NaHG@®olution. After shaking, neu-
investigate for the purpose of estimating possible metabolic tral fraction (1815 mg) was obtained from the ethylacetate
pathways and make products with high degree in insects. layer. The aqueous layer (acidic fraction) was separated,
then acidified with 1 N HCI, and extracted with ethylacetate.
After shaking, acidic fraction (1005 mg) was obtained from

2. Experimental the aqueous layer. The neutral fraction was analyzed by
GC-MS; metabolites+)-2, (+)-3 and @)-4 occurred in
2.1. Rearing of larvae this fraction. The acidic fraction was reacted with ethereal

CH2N2 overnight and subsequently examined by GC-MS,
S litura used in this study were obtained from Nissan but metabolites from-£)-1 did not occur. The neutral frac-
Kagaku. It is getting to change the generation of every bio- tion was subjected to silica gel open-column chromatog-
transformation. The larvae & litura were reared in plastic  raphy (silica gel 60, 230—400 mesh, Merck) with a 9:1
cases (206< 300 mm wide, 100 mm high, 100 larvae/case) hexane/diethylether solvent system, and three major metabo-
covered with a nylon mesh screen. The rearing conditions jites (+)-2 (498 mg), ¢)-3 (271 mg) and {)-4 (348 mg)
were as follows: 25C, 70% relative humidity, and 16:8 L:D  was isolated. On the other hand, substratp1 was trans-
(light:dark) photoperiod. A commercial diet (Insecta LFS; formed to two major metabolites-)-2 (469 mg) and £)-3
Nihon Nosan Kogyo) was given to the larvae from the first (234 mg) and a minor metabolite-}-4 (43 mg). Amount
instar. From the fourth instar, the diet was changed to an ar-of (—)-4 was calculated from the peak area in the GC chro-
tificial diet composed of kidney beans (1009), agar (129), matogram of the extract of frass and total extract (2916 mg).
and water (600 ml)23].
24.1. (1R59-(+)-5-endo-hydroxycamphor (2)
2.2. Chemical compounds Colorless crystald]3*! +41.5 (CHClg, ¢ 1.09); EI-MS,
m/z (rel. intensity) 168 M]™ (21), 153 4 — CHz]™ (100),
The substrates used for the biotransformation experiments150 [M — H,O]* (2), 135 [153— H,OJ]*" (15), 125 (15),
were (R)-(+)-camphor (Nacalai Tesque) andS4(—)- 111 (68), 109 (42), 108 (87), 107 (83), 93 (62), 83 (30),

camphor (Fluka). 81 (29), 69 (47), 57 (19), 55 (63), 41 (85); IR (KBFmax,
cm™1) 3434 (OH), 1734 (€0), 1091 (CHOH); 'H NMR
2.3. Administration of substrate (CDCl3) 6 0.86 (3H, s, H-9), 0.87 (3H, s, H-10), 1.01 (3H,

s, H-8), 1.24 (1H, ddJ = 4.0, 14.5Hz, H-6,4,), 2.17 (1H,
The artificial diet without the agar was mixed with a ddd,J = 1.5, 9.5, 14.5Hz, H-§,,), 2.20 (1H, ddd/ = 2.0,

blender. Three thousands milligrams of)(1 was then 4.5,19.5Hz, H-3,,), 2.18-2.22 (1H, m, H-4), 2.70 (1H, d,
added directly into the blender. Agar was dissolved in water, J = 19.5Hz, H-3,,4,), 4.64 (1H, dddd,J = 2.0, 4.0, 4.5,
boiled and then added into the blender. The diet was then9.5Hz, H-5,,); 13C NMR (CDCk) § 9.3 (g, C-10), 19.3 (q,
mixed and cooled in a stainless steel tray (22610 mm C-8), 20.3 (g, C-9), 34.6 (t, C-3), 40.9 (t, C-6), 47.6 (s, C-7),
wide, 30 mm high). The diet containing+j-1 was stored 48.8 (d, C-4), 59.0 (s, C-1), 69.5 (d, C-5), 218.6 (s, C-2).
in a refrigerator until the time of administration. The fourth
to fifth instar larvae (average weight 0.5g) were moved  2.4.2. (1R,5R)-(+)-5-exo-hydroxycamphor (3)
into new cases (100 larvae/case), and the diet was fed to the Colorless amorphous Crystaba]E“'4 +42.2 (CHCI3, c
larvae in limited amounts. Groups of 800 larvae were fed 0.32); EI-MS,m/z (rel. intensity) 168 M]* (36), 153 M —
the diet containing£)-1 (actually 2.1 g, about 2.6 mg fora CHz]* (15), 150 M — Ho0]* (2), 135 [153— H,0]T (3),
body) for 2 days, and then the artificial diet not containing 125 (38), 111 (100), 109 (22), 107 (23), 93 (11), 83 (37),
(+)-1 was fed to the larvae for an additional 2 days. Frass 69 (48), 55 (53), 41 (66); IR (KBfymax, cm™1) 3450 (OH),
was collected every 5h (total of 4 days) and stored in a 1740 (G=0), 1100 (CHOH); 'H NMR (CDCl3) § 0.85 (3H,
solution of diethylether (300 ml).—«)-1 was administered s, H-9), 0.93 (3H, s, H-10), 1.25 (3H, s, H-8), 1.70 (1H, d,
to 800 larvae in the same manner. For diet and frass sepa-/ = 185Hz, H-3,,4,), 1.79 (1H, ddd/ = 1.0, 3.5, 14.0 Hz,
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H-6¢50), 1.85 (1H, ddJ = 7.5, 14.0Hz, H-6,4,), 2.16 (1H, was evaporated under reduced pressure, and the extract was
dd,J = 1.0, 5.0Hz, H-4), 2.33 (1H, ddj = 5.0, 18.5 Hz, obtained. For the quantitative analysis of metabolites, the
H-30x0), 4.02 (1H, ddJ = 3.5, 7.5Hz, H-5,4,); 13C NMR GC analysis was used as an internal standard wifal(
(CDCl3) 6§ 8.9 (q, C-10), 20.1 (q, C-8), 21.0 (g, C-9), 40.0 (—)-1 was tested as well as-§-1.

(t, C-3), 40.4 (t, C-6), 46.5 (s, C-7), 50.8 (d, C-4), 58.7 (s,

C-1), 74.6 (d, C-5), 218.4 (s, C-2). 2.6. General experimental procedures
24.3. (1R,7R)-(+)—8—h32/4dgoxycamphor (4) 2.6.1. Gas chromatography (GC)
Colorless crystald]5*® +26.9 (CHCl3, ¢ 0.70); EI-MS, A Hewlett-Packard 5890A gas chromatograph equipped

m/z (rel. intensity) 168 M]* (9), 153 M — CHa] ™ (1), 137 it a flame ionization detector, fused silica DB-5 capillary
[M — CHOHJ™ (12), 109 (18), 108 (37), 95 (100), 91 (10),  column (30 m length, 0.25mm i.d.), and a split injection of
79 (15), 67 (22), 55 (16), 43 (27), 41 (27); IR (KBFnax, 25:1 were used. Helium at a flow rate of 30.0 cm/s was used
cm!) 3438 (OH), 1741 (€0), 1083 (CHOH);'"H NMR as a carrier gas. The oven temperature was programmed from
(CDCls) 6 0.97 (6H, s, H-9, 10), 1.42 (1H, ddd, = 4.0, 80 to 240°C at 4°C/min. The injector and detector tem-
9.0,12.0Hz, H-5,4,), 1.46 (1 H, dddJ = 4.5, 9.0, 13.5 Hz, peratures were 270 and 280, respectively. Enantiomeric
H-6¢nd0), 1.74 (1H, ddd,J = 4.0, 12.0, 13.5Hz, H-§,), excess (e.e. %) of @79-(—)-8-hydroxycamphor4) was

1.90 (1H, d,J = 180Hz, H-3,4), 1.93-2.03 (1H, m,  detected by chiral column: CHROMPACK WCOAT fused
H-5.x,), 2.36 (1H, dddJ = 3.5, 4.5, 18.0Hz, H-3,), 2.39  gjlica CP-CyclodextrirB-236-M-19 (50 m length, 0.25 mm
(1H, dd,J/ = 4.0, 45Hz, H-4), 3.52 (1H, d/ = 11.0Hz, i.d.), and a split injection of 40:1 were used. Helium at a flow
H-8), 3.74 (1H, dJ = 110Hz, H-8); 13C NMR (CDCk) rate of 36.0 cm/s was used as a carrier gas. The oven temper-
6 10.1 (g, C-10), 14.9 (q, C-9), 26.6 (t, C-5), 29.7 (t, C-6), ature was held at 14@ for 60 min. The injector and detector
39.4(d, C-4),42.9(t, C-3),51.3 (s, C-7), 57.4 (s, C-1), 64.7 temperatures were 270 and 28D The peak area was inte-

(t, C-8), 218.4 (s, C-2). grated with a Hewlett-Packard HP3396 series Il integrator.

24.4. (135R)-(—)-5—endzg-$1ydroxycamphor @ 2.6.2. Gas chromatography/mass spectrometry (GC/MS)
Colorless crystal, 4]5~ —40.5 (CHCl;, ¢ 0.55); the A Hewlett-Packard 5890A gas chromatograph equipped

spectral data of the enantiomer)2 were identical to those ity 4 split injector, an HP-5MS capillary column (30m

of (+)-2. length, 0.25mm i.d.) was combined by direct coupling to

a Hewlett-Packard 5972A mass spectrometer, and the same

temperature program as just described for GC were used.

Helium at 30.0 cm/s was used as a carrier gas. The temper-

ature of the ion source was 230, and the electron energy

was 70eV. The electron ionization (ElI) mode was used.

2.4.5. (1S59)-(—)-5-exo-hydroxycamphor (3)

Colorless amorphous crystab]g>! —43.9 (CHCl, ¢
0.38); the spectral data of the enantiome)-@ were iden-
tical to those of {)-3.

2.4.6. (1579-(—)-8-hydroxycamphor (4)

This sample was identified by GC-MS and gas chro-
matography (used chiral column): EI-Mi®/z (rel. intensity)
168 M]™ (9), 153 [M — CH3]™" (2), 137 [M — CH,OH]*
(12), 109 (19), 108 (37), 95 (100), 91 (10), 79 (15), 67 (22),
55 (16), 43 (25), 41 (24).

2.6.3. Infrared (IR) spectroscopy

The IR spectra were obtained with a JASCO FT/IR-470
plus Fourier transform infrared spectrometer. CklGlas
used as a solvent.

2.6.4. Nuclear magnetic resonance (NMR) spectroscopy
) ] ) ) The NMR spectra were obtained with a JEOL FX-500
2.5. Incubation of intestinal bacteria (500.00 MHz,1H; 125.65 MHz,13C) spectrometer. Tetram-

) ] . ] ] ethylsilane (TMS) was used as the internal stand&eddo).
This experiment was intentionally carried out under ster-

ile conditions. Petri dishes, pipets, and solutions were auto-2 6 5. Specific rotation

claved. A GAM Broth (Nissui Pharmaceutical) was adjusted  The specific rotations were measured on a JASCO
to pH 8.9 and placed in Petri dishes at 10 ml/Petri dish. The p|p.1000 digital polarimeter.

fresh frass (5 g) of the fourth to fifth instar larvae were sus-

pended in physiological saline (100 ml), and the suspension

(1 ml) was pipetted in the medium. The medium without 3. Results and discussion

frass was also prepared for a blank experiment. These me-

dia were incubated (20C, darkness, 2 days) under aerobic 3.1. Biotransformation of (1R)-(+)-camphor by the larvae

and anaerobic conditions. After growth of bacteria)-l of Spodoptera litura

(0.3 mg/ml) was added to the medium and the incubation

was continued. The medium was distributed between ethy- Biotransformation by the larvae & litura was observed
lacetate and saturated solution of salt. The ethylacetate layeias follows: substrate was administered to the larvae through
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their diet; metabolite was then detected and isolated from 4.64 ppm (H-5,,) enhanced the H-8. Thus, assignment of
the frass of larvae. In a previous paperterpinene was  the signals at 0.86, 1.01 and 0.87 ppm to be made to C-9,
mixed in the diet of larvae at a high concentration (10 mg/g C-8 and C-10, respectively. To determine the structure of
of diet) to increase the production of potential metabolites C-3 and C-6 two methine parts and C-8 and C-9 two methyl
[17]. Although alcohols were detected by GC analysis, in- parts of2, HMQC was measured. Correlation cross-peaks
termediary metabolites (epoxides and aldehydes) and acidsvere observed between 2.70 and 2.20 ppm 453 3.0,
were not isolated. This suggested that they were hardly ex-respectively) and C-3 (34.6ppm), 2.17 and 1.24ppm
creted into the frass. In the present study, a concentration of(H-6,,,, 6.,40, respectively) and C-6 (40.9 ppm), 1.01 ppm
4 mg/g of diet was, therefore chosen as optimum for admin- (H-8) and C-8 (19.3 ppm), and 0.86 ppm (H-9) and C-9
istration (i.e., the concentration consumes a substrate com+{20.3 ppm), so that was established. The specific rotation
pletely). The larvae that were fed the diet without substrate shows the {)-form. From these date it was concluded that
were used as control, and the extract of frass was analyzedhe structure o is (1R,59)-(+)-5-endo-hydroxycamphor.

by GC. Compound4—4 and unidentified metabolites were Metabolite3 had a molecular formula of {gH1502 based

not observed in the frass of controls. For the consumption on its EI-MS spectral. The IR spectrum contained a new
of substrate in the diet observed, we varied the quantity of hydroxyl band at 3450cmt. 'H and 13C NMR spectra
substrate in the diet by the internal standard method in GC.were compared with those of the closely related compound
The result was that consumption of)-camphor 1) was 1, which has been reported in the literatiite24—28] H

93.1%. The result for<)-1 was 95.7%. NMR evidence for the presence of three methyl groups.
In the biotransformation of¥)-1, the three major meta- A coupling of 1.0 Hz between H-4 (2.16 ppm) and k6
bolites isolated from the frass were identified &R,65)-(+)- (1.79 ppm) indicates the long-range coupling. The hydrox-

5-endo-hydroxycamphor %), (1R,5R)-(+)-5-exo-hydroxy- ylated methane proton observed at ;5 (4.02 ppm) was
camphor 8) and (IR,7R)-(+)-8-hydroxycamphor4). Per- coupled with H-6,, (J = 3.5Hz) and H-6,4, (J = 7.5Hz),
centage of substrate and metabolite®, 3 and 4 in frass so that configuration of the hydroxyl group at C-5 vess.
extract were ®+1.4, 344+2.6, 18 7+3.9 and 241+1.8%, As the conformation, assignment of the three methyl signals
respectively Table 1. was achieved by NOE. Irradiation of the signal at 2.33 ppm
The metabolite2 had a molecular formula of gH1602 (H-3.x,) caused the enhancement of the signal due to the
that was estimated by its EI-MS spectral. The IR spec- H-9, while irradiation of the signal at 1.79 ppm (H:§) en-
trum contained a new hydroxyl band at 3434¢m'H and hanced the H-8. Thus, assignment of the signals at 0.85,
13C NMR spectra were assigned by comparison with the 1.25 and 0.93 ppm to be made to C-9, C-8 and C-10, respec-

spectral date fofl and the previous papd#,24-26] 1H tively. To determine the structure of C-3 and C-6 two methine
NMR evidence for the presence of three methyl groups. A parts and C-8 and C-9 two methyl parts 3fHMQC was
coupling of 2.0 Hz between H;3, (2.20 ppm) and H-5, measured. Correlation cross-peaks were observed between

(4.64 ppm) indicates the long-range coupling. In addition, 2.33 and 1.70ppm (Hz3,, 3..40, respectively) and C-3

a coupling of 1.5Hz between H-4 (2.18-2.22ppm) and (40.0 ppm), 1.79 and 1.85ppm (Hz6, 6..40, respectively)
H-6.,, (2.17 ppm) indicates th&\V-relationship of these and C-6 (40.4 ppm), 1.25ppm (H-8) and C-8 (20.1 ppm),
protons. The hydroxylated methane proton observed atand 0.85ppm (H-9) and C-9 (21.0ppm), so that was es-
H-5.x0 (4.64 ppm) was coupled with H;3, (J = 2.0 Hz), tablished. The specific rotation shows the){form. From
H-4 (J = 45Hz), H-6,4, (/ = 4.0Hz) and H-§,, the above date, it was concluded that the structurd isf

(J = 9.5Hz), so that configuration of the hydroxyl group (1R,5R)-(+)-5-exo-hydroxycamphor.

at C-5 wasendo. As the conformation, assignment of the About metabolitet, the molecular formula was estimated
three methyl signals was achieved by NOE. Irradiation of as GgH102, based on its EI-MS spectrum. The IR spec-
the signal at 2.20 ppm (H;3,) caused the enhancement of trum contained a new hydroxyl band at 3438¢m'H and

the signal due to the H-9, while irradiation of the signal at 3C NMR spectra were assigned by comparison with the

Table 1
Metabolites of ¢)- and ()-camphor 1) by the S.litura larvaé
Substrate Yielbl (%)
1° 2 3 4 Unidentified metabolités
(+)-Camphor 1) 6.9+ 14 344+ 2.6 18.7+ 3.9 241+ 1.8 16.1
(—=)-Camphor 1) 43+ 24 46.3+ 3.3 23.1+ 4.0 45+ 12 21.8

a8 Metabolites were obtained from the frass ®flitura. One group is contained 15 larvae. The date represent re8i& of five determinations
(n =5).

b percentage was calculated from the peak area in the gas chromatogram of the extract of frass.

¢ Recovered substrate.

d Analyzed by GC-MS.
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previous papef25,26,28-32] The NMR spectra ofl were
similar to those ofl except for the existence of hydroxyl
group and the disappearance of a methyl group. e
NMR spectrum showed two methyl groups locatedsat
0.97 ppm. The two doublets locatedsaB.52 and 3.74 ppm
(J/ = 11.0Hz), these spectrum is characteristic of a,Ct

87

3.3. Study of the difference among the individuals
of larva

The diet which was prepared same manner was fed to 15
larvae (fourth to fifth instar). The frass was collected and ex-
tracted with diethylether and then ethylacetate. Metabolites

group. For the purpose of determine the structure of geminalwere identified from the retention time and calculated from

dimethyl of C-8 and C-9 position, NOESY was measured.
The presence of the G®H group attached to different
side (C-8) as the €0 group, correlation H-3, and H-9,
and H-5,, and H-8. All other couplings are as expected
for metabolite4 was produced by hydroxylation at the C-8
position of geminal dimethyl ofl. Further, assignment of
the three ddd signalss 1.42, 1.46 and 1.74 ppm) were

the peak area in the GC chromatogram of the extract of frass.
It did this experiment to five groups. However, there were
few differences of each groufdble 1. These results sug-
gested that the biotransformation ef)¢ and )-camphor

by the larvae ofS litura has reappeared.

3.4. Biotransformation of (+)- and (—)-camphor by the

achieved by HMQC. Correlation cross-peaks were observedintestinal bacteria of Spodoptera litura

between 26.6 ppm (C-5) and Hs5, 5.4, (1.93-2.03 and
1.42 ppm, respectively), and 29.7 ppm (C-6) and Ji:6

A previous paper described the participation of aero-

6endo (1.74 and 1.46 ppm, respectively), so that was estab-bically and anaerobically active intestinal bacteria in the

lished. The specific rotation showed the){form, these
date indicateg is (1R, 7R)-(+)-8-hydroxycamphor.

metabolism ofx-terpineng17]. In the present study, the in
vitro metabolism of ¢)- and ()-1 by intestinal bacteria

On the other hand, there are unidentified metabolites. Onewas also examined in a manner similar to that of the previ-
of the metabolites has molecular formula was estimated asous paper. However+)- and ()-1 were not metabolized

C10H1602, based on its EI-MS spectrum. Therefore, hy-

at all (no reaction) both aerobic and anaerobic condition.

droxyl was supposed to have been introduced in substrate These results suggested that the intestinal bacteria did not

Other metabolites were not inferences.

3.2. Biotransformation of (1S)-(—)-camphor by
the larvae of Spodoptera litura

In the biotransformation of<{)-1, the two major meta-
bolites isolated from the frass were identified a§ %R)-
(—)-5-endo-hydroxycamphorZ) and (1S,59)-(—)-5-exo-hy-
droxycamphor §). On the other hand, a minor metabolite

exists. One of the minor metabolite has led to its assign-

ment as 8-hydroxycamphor, with supporting structural

participate in the metabolism of-)- and ()-1. The differ-
ence of reaction betweent§- and )-1 and a-terpinene
was suggested to be due to the difference of substrate.

3.5. Sudy of the metabolic pathways

In the present study of biotransformation of)¢ and
(—)-1, the larvae transformedH)-1 to mainly (+)-2 (34.4+
2.6%), (+)-3(18.7£3.9%) and ¢)-4 (24.1+ 1.8%); on the
other hand, the larvae transformed){1 to mainly (-)-2
(46.3+£ 3.3%), (—)-3(23.1+4.0%) and a minor compound

evidence provided by the mass spectral fragmentation pat-(—)-4 (4.5 + 1.2%) (Scheme 1 Table 7). Compounds2

tern[28,30] The fragmentation pattern are consistent with
(+)-8-hydroxycamphor. As the confirmation, enantiomeric

and 3 account for the rate with the equal degree to the to-
tal metabolites of {)- and ()-1. However, compound!

excess (e.e. %) was identified GC (used chiral column). Theis remarkable in having different percentages between (

result indicate tha# is an enantiomerically pure compound
(e.e. 100%). The presence of substathicand metabolites
2, 3 and 4 in frass extract were .8 + 2.4, 463 £ 3.3,
231+ 4.0 and 45 + 1.2%, respectivelyTable 1.

The spectral data of the enantiomer){2 and )-3
were identical to those ofH)-2 and {)-3, respectively
and comparison with previous papgt,24-28] The spe-
cific rotation showed that-()-2 ([«]3%° —40.5 (CHCI,
¢ 0.55)) and ¢)-3 ([¢]3>! —43.9 (CHC, ¢ 0.38)) were

and (-)-1. These results suggested that (i) both compounds
were preferentially hydroxylated at G5, position and (ii)
stereoselectivgem-dimethyl hydroxylation was in progress

in the metabolism ofl by the larvae ofS litura. Previ-
ously, we reported the biotransformationmfenthan and
acyclic monoterpenoids, C-7 position (allylic methyl group),
8,9-double bond and the double bond of the side chain
(8,9-double bond) were preferentially hydroxylated, respec-
tively [17-19] In this case, €)- and )-1 are hydroxy-

the (—)-form. These spectral data suggested that metabolitelated at C-5 position and methyl group of geminal dimethyl

(—)-2and ()-3 were (1S5R)-(—)-5-endo-hydroxycamphor
and (1IS59)-(—)-5-exo-hydroxycamphor, respectively.

(C-8 position). These results indicate C-5 position and C-8
position are rather the preferred position for hydroxylation.

On the other hand, there are unidentified metabolites. These are far away from the=O group.

One of the metabolites has a molecular formula which

was estimated asigH1602, based on its EI-MS spectrum.

Compound 1 is the most important and widespread
terpene known; many reports on the metabolismldh

Therefore, hydroxyl was supposed to have been introducedmammals and microorganisms have been published. The

in substrate. Other metabolites were not inferences.

hydroxylation step of this biotransformation is probably
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Scheme 1. Possible metabolic pathway ¢)-(and )-camphor 1) by the larvae ofS. litura.

catalyzed by a cytochrome P450-dependent monooxyge- [2] M. Miyazawa, T. Wada, H. Kameoka, J. Agric. Food Chem. 46
nase as in the case of mammals and microorganisms. The @l Sgi’/lfi‘))l:g\’,-va T Murata, 3. Oleo Sci. 50 (2001 921
e e o oy ot 1140 T ) el G e 2 120 12
[5] R. Croteau, M. Felton, F. Karp, R. Kjonaas, Plant Physiol. 67 (1981)

different metabolites with different species of organisms 820.
[1-16]. In dogs, after feeding camphor, from the urine, a [6] J.B. Harborne, H. Baxter, Phytochemical Dictionary, A Handbook
glycosidic substance was obtained which was shown to of Bioactive Compounds from Plants, Taylor and Francis, London,
consist of a mixture of glucuronides of hydroxycamphor. UK, 1993. _
Primary metabolite was Bxo-hydroxycamphof1,2]. Lit- g} I ? SEZ:E;;? IEShgftitze’ DB:Z; %Zf:b CI;ELHO' Cie(sl'g%)(lsiig) 233,
erature identified the hydroxycamphors obtained from the (g is. Robertsoh, M. Huésain, Biochem. J. 113 (1969) 57. '
hydrolyzed urine of rabbits that had been fed){ and [10] EW. Ronald, M. Mary-Beth, D.E. Karen, G.S. Stephen, Arch.
(—)-camphor as 3- and éido-hydroxycamphor, they also Biochem. Biophys. 228 (1984) 493.
demonstrated the reduction of \-camphor to )-borneol  [11] \JN'2}nBrgizrrﬁwé:cEé(lxggdg’)Eséb ‘730“9% I.C. Gunsalus, D. Lednicer,
I(rji—)\ilc\:/;)n:r[:])h?rbte)gst[ﬁediollg Eafgjgr?aéovzrézh glaér;veargslc())); the[12] W.M. Atkins, S.G. Sligar, J. Am. Chem. Soc. ‘111 (1989) 2715.

! . A [13] I.C. Gunsalus, G.S. Stephen, G.D. Peter, Biochem. Soc. Trans. 3
bicyclic skeleton of the monoterpene is initiated by hydrox- (1975) 821.
ylation at C-5,,, position with the subsequent formation of [14] J. Hedegaard, I.C. Gunsalus, J. Biol. Chem. 240 (1965) 4038.
5-oxocamphor followed by lactonization reactions; in some [15] H.G. Michael, C.H. David, M. Pentti, G.S. Stephen, Biochemistry
instances lactonization may precede C-5-hydroxylatin. 21 (1982) 370.

. _ . . [16] C.G.W. Andrew, F.H.-C. Charles, D. Jacqueline, W. Luet-Lok, Eur.
putida produced 8-hydroxycamphor as a minor metabolite, 3. Biochem. 265 (1999) 929,

however others did nofd—11]. In the present study, the  [17] k. saloumeh, D.C. Eric, M.M. David, A.B. Thomas, H.D. John, J.
main product converted by the larvae 8f litura is the Biol. Chem. 270 (1995) 28042.

same as in rabbit; therefore, the larvaeSofitura employ [18] I.C. Gunsalus, P.J. Chapman, J.-F. Kuo, Biochem. Biophys. Res.
a metabolic pathway similar to that used by the rabbit Commun. 18 (1965) 924.
[2-4]. CompoundL is hydroxylated at C-54,, C-5.x, and [19] PJ. Chapman, M. Gerardine, I.C. Gunsalus, S. Rangaswamy, K.L.

c-8 it thvl dimethvl). | fi Rinehart Jr., J. Am. Chem. Soc. 88 (1966) 618.
-8 position (methyl group ogem-dimethyl). In particu- ;5 £ gima sariaslani, R.M. Lawrence, K.T. Michael, G.K. Fulton,

lar, characteristic hydroxylation is C-8 position bhy the Biochem. Biophys. Res. Commun. 170 (1990) 456.
larvae ofS. litura comparision with other organisms. The [21] F. Christoph, E.K. Alfred, C. Rodney, Arch. Biochem. Biophys. 294
present study is the first report of C-8 position af){1 (1992) 306.
being hydroxylated to a high degree of efficiency. [22] Y. Orihara, T. Nogughi, T. Furuya, Phytochemistry 35 (1994) 941.
[23] K. Tori, Y. Hamashima, A. Takamizawa, Chem. Pharm. Bull. 12
(1964) 924.
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