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Plaunotol, a new anti-ulcer isoprenoid (C,,) which possesses two hydroxyl groups at the 1- and
18-positions, was readily conjugated with fatty acids by esterification in a rat liver homogenate
system without added cofactors. The hydroxyl group at the 1-position was exclusively esterified in
vitro. The fatty acid conjugates of plaunotol served as substrates for cholesterol esterase. After
purification by thin layer chromatography and high performance liquid chromatography, esters
with palmitic, oleic and stearic acids were identified by comparing the gas chromatography-mass
spectrometry with those of synthesized authentic standards.

Keywords
genate; rat

plaunotol; isoprenoid; anti-ulcer agent; fatty acid conjugation; liver homo-

Plaunotol is the major component of CS-684 (Kelnac®), the new anti-ulcer agent
extracted from the leaves of Plau-noi (Croton sublyratus) which is produced and used as a
native drug in Thailand (Fig. 1). The major metabolic pathway of plaunotol consists of the
oxidation of both carbons at the 1- and 16-positions to dicarboxylic acids and subsequent
chain shortening by f-oxidation.!?’ Although the amount is as low as about 9% of the
administered dose, glucuronic conjugates of highly lipophilic metabolites which could not be
explained by the metabolic pathway mentioned above were observed on thin layer
chromatography (TLC) in bile samples from both rats and dogs.?’ These lipophilic metab-
olites were inert to lipase treatment but after treatment with cholesterol esterase, liberated
unchanged plaunotol and small amounts of metabolites with the carboxylic group. We,
therefore, tentatively identified these in vivo metabolites as plaunotol conjugated with fatty
acids at the hydroxyl group at either the 1- or 18-position, then further conjugated with
glucuronic acid and excreted into the bile.?) In the present work, we isolated the fatty acid
conjugates of plaunotol formed in a rat liver homogenate system by means of TLC and high
performance liquid chromatography (HPLC) and identified their structures by comparing the
gas chromatography-mass spectrometry (GC-MS) with those of authentic standards.

© ® ®ow " Fig. 1. Structure of [15-'4C]Plaunotol
mWOH *, position labeled with “C.
Materials and Methods

Labeled Compound——[15-'*C]Plaunotol was prepared in the Chemical Research Laboratories of Sankyo
Co., Ltd. The specific radioactivity was 7.45 mCi/mmol (24.36 uCi/mg) and the radiochemical purity was over 999 by
TLC using benzene-ethyl acetate—ethanol (20:4:4) as the developing solvent.
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Reagents—Non-radioactive plaunotol was prepared in the Chemical Research Laboratories of Sankyo Co.,
Ltd.? Fatty acid chlorides (palmitoyl, palmitoleyl, oleyl and stearoyl chloride) were purchased from Sigma (St. Louis,
U.S.A.). Precoated silica gel TLC plates were purchased from Merck (Darmstadt, FRG). Omnifluor (NEN, Boston,
U.S.A.) was used as the fluorescent mixture for liquid scintillation counting. Pancreatic lipase and cholesterol esterase
(Pseudomonas sp., EC 3.1.1.13) were purchased from Wako Pure Chemicals (Tokyo, Japan).

Preparation of Authentic 1- and 18-Monoesters of Plaunotol with Fatty Acids——A solution of plaunotol (2 g) in
10 ml of diethy! ether and 2 ml of pyridine was added to 1.2 mol eq of fatty acid chloride (palmitoyl, palmitoleyl, oleyl
or stearoyl chloride) and kept overnight under constant ice-cooling and stirring. The reaction mixture was washed
successively with dilute hydrochloric acid and 1% sodium bicarbonate solution in a separatory funnel. The organic
layer was evaporated in vacuo. The residue was taken up in 5ml of benzene and subjected to silica gel column
chromatography. By increasing the ratio of ethyl acetate gradually in the eluting solvent (benzene base), plaunotol-
1,18-diester, plaunotol-1-monoester, plaunotol-18-monoester and unreacted plaunotol were eluted in that order. The
position esterified with fatty acid was identified by 90 MHz proton nuclear magnetic resonance (*H-NMR); for
example, in the case of palmitate esters the results were as follows. Plaunotol: 16, 17, 19 and 20-(-CH),), 1.6 (6H, s)
and 1.7 (6H, s); 4, 5, 8,9, 12 and 13-(-CH,-), 2.0—2.3 (12H, m); 18-(-CH,OH), 4.1 (2H, s); 1-(CH,0H), 4.15 (2H, d);
2, 6, 10 and 14-(=CH-), 5—5.5 (4H, m). Plaunotol-1-palmitate: same as plaunotol except for new peaks at 0.9 (m),
1.3 (s) and 2.3 (m) assigned to the palmitic acid moiety and with the peak of 1-(CH,OH) shifted toward low magnetic
field by 0.5, to 4.6 (2H, d). Plaunotol-18-monoester: same as plaunotol-1-monoester except for the peak of
18-(CH,OH) shifted toward low magnetic field by 0.5, to 4.6 (2H, s) instead of the shift of the 1-(CH,OH) peak.
Plaunotol-1,18-diester: same as plaunotol monoesters except for both 1- and 18-(CH,OH) peaks shifted toward low
magnetic field by 0.5, to 4.63 (2H, s) and 4.6 (2H, d).

Formation of Fatty Acid Conjugates of Plaunotol in Liver Homogenate System Livers of Donryu strain male
rats were excised and homogenized in a Polytron homogenizer (Kinematica, Switzerland) in 3 volumes of potassium
phosphate buffer (50mm, pH 7.4) containing 1.15% potassium chloride. An ethanol solution of [**CJplaunotol
(1.53 mg/0.1 ml) was added to 100 ml of the liver crude homogenates and incubated for 30 min at 37°C (final 50 um).
The incubation mixture was extracted twice with 100 ml of diethyl ether. After gentle evaporation of the diethyl ether
by a nitrogen gas stream, the residue was redissolved in 2.5ml of ethanol, spotted onto three preparative silica gel
TLC plates (0.5 mm of thickness) and developed with isopropyl ether—acetic acid (9: 1). The spots developed at the
solvent front were scraped off and extracted with ethyl acetate; each extract was evaporated in vacuo and the resi-
due was redissolved in 0.5 ml of acetonitrile to serve as the fatty acid conjugate fraction of ['*Clplaunotol.

In the experiments using liver subcellular fractions, the liver homogenate was first centrifuged for 20 min at
9000 ¢ in a refrigerated centrifuge (model RS-18GL, Tomy Seiko Co., Ltd., Tokyo, Japan). The supernatant fraction
was centrifuged for 1 h at 105000 g in an ultracentrifuge (model L5-65, Beckman Instruments Inc., Palo Alto, U.S.A.)
to sediment the microsomal fraction. The pellet at 105000¢g (microsomal fraction) was washed once with the
potassium phosphate buffer by centrifugation and resuspended in the original volume of potassium phosphate buffer.
Then, 0.9 ml of the liver crude homogenate, 105000 g supernatant or microsomal fraction was supplemented with
10 1 of [**Cl]plaunotol (50 M) and incubated for 30 min at 37 °C with or without addition of palmitoyl-CoA (0.1 ml,
50 uM). After extraction of the incubation mixture twice with 4 ml of diethyl ether, the ether layer was evaporated and
the residue was dissolved in 0.2 ml of ethanol. A 10 ul aliquot of the ethanol solution was subjected to silica gel TLC
using isopropyl ether-acetic acid (9:1) and the amount of fatty acid conjugates of plaunotol was measured by
counting the radioactivity of the scraped spots directly.

Hydrolysis of Fatty Acid Conjugates of Plaunotol by Cholesterol Esterase——A methanol solution (0.1 ml) of
plaunotol fatty acid conjugate was added to 5 ml of 200 mM potassium phosphate buffer (pH 7.0, with 0.485% sodium
cholate) containing 20 units of cholesterol esterase. After being incubated overnight at 37°C, the mixture was
acidified with 6 N hydrochloric acid to reduce the pH to below 2.0, and extracted twice with 5 ml of ethyl acetate. The
organic layer was evaporated in vacuo, and the residue was dissolved in 0.3ml of methanol and analyzed by two-
dimensional TLC using benzene-ethyl acetate—ethanol (20:4:4) as the first solvent and isopropyl ether-acetic acid
(9:1) as the second solvent. The spots were detected by autoradiography and iodine color development.

Separation of 1- and 18-Fatty Acid Esters of Plaunotol by TLC Plaunotol-1-fatty acid esters were effectively
separated from plaunotol-18-fatty acid esters by silica gel TLC using hexane—ethyl acetate (7:3) as the developing
solvent (Rf values: 1-esters, 0.76; 18-esters, 0.6). This method was applied only to determine the esterified position. The
brief separation of fatty acids according to chain length was carried out by HPLC as described below.

HPLC Methods to Separate the Conjugates of Plaunotol with Fatty Acids——Fatty acid conjugates of plaunotol
were separated by HPLC (model 655A, Hitachi Co., Ltd., Japan) using an ERC-WP300-C8 separating column
(Eruma Co., Ltd., Tokyo, Japan) and acetonitrile-water (95: 5) as the eluting solvent at a flow rate of 1 ml/min. The
effluent was continuously monitored at 220 nm. At the same time, effluent fractions were collected every 30s and
radioactivity was measured by a liquid scintillation counter (Packard model 460C) after the addition of 10 ml of
liquid scintillation cocktail (500 ml of toluene, 500 ml of ethanol and 4 g of Omnifluor). Although the palmitate and
oleate esters were eluted at the same retention time (20.6 min), palmitoleate (16.2 min) and stearate esters (26.8 min)
were separated effectively. Good separation between palmitate and oleate esters was obtained by the following GC-
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MS-method. Because the 1-ester and 18-ester of a given fatty acid were not separated from each other in this HPLC
method, separation of these esters was carried out by the TLC method before HPLC analysis.

Identification of Fatty Acid Conjugates of Plaunotol by GC-MS——A Hewlett-Packard model 5985 com-
puterized GC-MS system was used. A megabore column coated with DB-5 (0.53 mm i.d. x 15m) was used. Oven
temperature was controlled at 300 °C (350 °C at the injection port). Helium gas at the flow rate of 5 ml/min was used
as the carrier gas. Ammonia gas was employed as the reagent gas for chemical ionization detection. Mass numbers
from m/z 250 to 650 were scanned. The retention times of synthesized plaunotol esters were as follows: 18-
palmitoleate, 6.9 min; l-palmitoleate, 8.2min; 18-palmitate, 7.1 min; l-palmitate, 8.4 min; 18-oleate, 10.2min; 1-
oleate, 12.1 min; 18-stearate, 10.6 min; 1-stearate, 12.5 min. In each of the authentic esters, the 18-ester was detected
1—2 min earlier than the l-ester.

Results

Isolation and Identification of Fatty Acid Conjugates of Plaunotol

Formation in Liver Homogenate System——After incubating [**C]plaunotol (50 um) with
rat liver homogenate, highly lipophilic metabolites, which were identified as fatty acid
conjugates of plaunotol as described in the following sections, were detected as one of the two
major spots on two-dimensional TLC, amounting to 15.39 of total radioactivity. Another
major spot was the metabolite in which the 1-position of plaunotol was oxidized to carboxylic
acid. As shown in Table I, high activity for the fatty acid conjugation of plaunotol was
observed in the microsomal fraction. The supernatant fraction was about 809 less active than
the microsomal fraction. The addition of 50 uMm palmitoyl-CoA to the incubation mixture did
not increase the amount of fatty acid conjugates produced in this system. After treatment with
cholesterol esterase, the lipophilic metabolites liberated plaunotol (results are not shown).
Since authentic fatty acid mono-esters of plaunotol were hydrolyzed to plaunotol by cho-
lesterol esterase treatment, the lipophilic metabolites were concluded to be fatty acid con-
jugates of plaunotol.

Separation by TLC Plaunotol possesses two hydroxyl groups at the 1- and 18-
positions which should not differ significantly from the chemical point of view. Authentic 1-
and 18-monoesters of plaunotol could be separated from each other effectively by TLC using
hexane—ecthyl acetate (7:3) as the developing solvent, thus making identification of the
esterified position possible. The fatty acid conjugates of plaunotol formed in vitro turned out
to be exclusively 1-esters as shown in Fig. 2.

Separation by HPLC—Fatty acid conjugates of [**Clplaunotol were separated into
three fractions by HPLC (palmitoleyl ester, palmitoyl and oleyl esters and stearoyl ester) using
a C8 reverse-phase column (Fig. 3). As described in the experimental section, the palmitate
and oleate esters of plaunotol were not separated from each other and were eluted as a
combined fraction by this method. In co-chromatography of fatty acid conjugates of
[**Clplaunotol with authentic compounds, the two ultraviolet (UV) peaks corresponding to
palmitate, oleate combined esters and stearoyl ester completely coincided with the major
radioactive peaks as shown in Fig. 3. Shortly after the peak of palmitoleyl ester, a minor

TaBrLe I. Formation of Fatty Acid Conjugates of Plaunotol
in Liver Subcellular Fractions

Fatty acid conjugates of plaunotol formed

Fraction (nmol/30 min/fraction)
— Palmitoyl-CoA + Palmitoyl-CoA
None 0.32 0.68
Crude homogenate 7.64 6.07
105000 g supernatant 1.42 1.09
Microsome 6.92 6.49

NII-Electronic Library Service



3598

Vol. 36 (1988)

1-fatty acid esters D

I,
development

18-fatty acid esters C:

origin

Fig. 2.

[

o

[
'
3
!
'
’

Y
1
1
1
]
]
1
’
]
.
1
1
»
[l
'
1
'
[}
[}
[}
L]
[]
]
[}
[l
]
1l
[}
1
3
1

A J AN

authentic
samples

autoradiogram

E
5

0.08%
0.19%

0.08%

% of each spot
fatty acid

esters of

plaunotol

in vitro

Identification of 1-Fatty Acid Esters of [**C]Plaunotol by TLC

Fig. 3. Co-chromatogram of Fatty Acid Ester
Fraction of ['*C]Plaunotol with Authentic
Standards (Simultaneous Detection by UV and
14C-RI)

, UV; ————, RIL 1, 1- or 18-palmitoleate of
plaunotol; 2, 1- or 18-paimitate and oleate of plauno-

0 5 10 15 20

Retention time (min)

30

tol; 3, 1- or 18-stearate of plaunotol.

radioactive peak was also observed. The relative amounts of these three radioactive peaks
were 52.09;, 32.19; and 11.19; for palmitate and oleate esters, stearoyl ester and unknown
fatty acid ester(s), respectively (average from duplicate experiments). In addition to the three
major radioactive (RI) peaks, a small radioactive peak due to a polar metabolite was ob-

served at the retention time of 9 min (4%).

GC-MS——The three major RI peaks were collected by repeated chromatography with-
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Fig. 5. GC-MS Chromatogram of 1-Stearate Ester Fraction of [**C]Plaunotol
TI: total ion.

out authentic compounds and subjected to GC-MS analysis. In the mass chromatogram
of the palmitate and oleate esters fraction, a substantial plaunotol-1-palmitate peak and
a small but significant plaunotol-1-oleate peak were observed at the same retention times
as the respective authentic standards, as shown in Fig. 4. Similarly, the plaunotol-1-
stearate peak was observed in the mass chromatogram of the stearate ester fraction (Fig. 5).
Probably because of the limited amount of the unknown fatty acid ester fraction, no
significant peak was recognized. The mass spectra of the above three peaks also coincided
with those of the respective authentic standards (Figs. 6—8). In the case of oleate ester,
contaminating background peaks observed due to its low amount, as judged from the total
ion mass chromatogram. On the basis of all these results, plaunotol was shown to be
conjugated at the hydroxyl group at the 1-position but not at the 18-position with fatty acids
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(palmitic, oleic and stearic acids, at least) in the rat liver homogenate system.

Discussion

Generally speaking, drug metabolism increases the polarity or hydrophilicity of xen-
obiotics, promoting the excretion of the xenobiotics from the body. Although reported cases
are limited, some compounds gain lipophilicity rather than hydrophilicity after metabolism,
consequently remaining for a relatively long time in the body.¥ These highly lipophilic
metabolites can be practically classified into three groups: 1) carboxylic metabolites in-
corporated into hybrid triglycerides (cycloprate,’™® dodecylcyclohexane,® ethyl-4-
benzyloxybenzoate,'®'" methoprene,'? 3-phenoxybenzoate!®); 2) carboxylic metabolites
incorporated into cholesterol ester (BRL24139,'¥ cycloprate, fenvalerate,!516) methoprene,
prednimustine' ”) and 3) hydroxylic metabolites conjugated with fatty acids (tetrahydrocan-
nabinol and its metabolites,'® 29 etofenamate,?!*? the metabolite of dichlorodiphenyl-
trichloroethane (DDT),*® dipyridamol and mopidamol?* and phytol?®). All the lipophilic
metabolites in groups 1 and 2 possess a carboxylic group and were produced through the
endogenous metabolic pathway for lipids functioning as pseudo-fatty acids.?® In contrast,
however, there is apparently no structural relationship among the compounds in group 3.
Plaunotol, the xenobiotic newly classified into the third group in this paper, is a naturally
occurring isoprenoid, as are tetrahydrocannabinol, its metabolites and phytol. Thus lipophilic
isoprenoids that possess a hydroxyl group may be conjugated with fatty acid in vivo.

As described in this paper, fatty acid conjugates of plaunotol served as substrates for
cholesterol esterase and were hydrolyzed into plaunotol and fatty acids. The substrate
specificity of cholesterol esterase seems not to be strict because fatty acid conjugates of
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tetrahydrocannabinol are also hydrolyzed by this enzyme.?”’ These results suggest that all or
part of the structures of plaunotol and tetrahydrocannabinol are recognized as quite similar
to cholesterol by cholesterol esterase. The enzymatic systems producing endogenous choles-
terol ester may contribute to the formation of fatty acid conjugates of plaunotol and other
isoprenoids, i.e., acyl-CoA: cholesterol O-acyltransferase (ACAT), lecithin: cholesterol O-
acyltransferase (LCAT) and cholesterol esterase. In fact, the participation of ACAT was
suggested in the production of fatty acid conjugates of tetrahydrocannabinol.®??) As
described in the present paper, however, the addition of palmitoyl-CoA did not enhance the
formation of fatty acid conjugates of plaunotol in the liver homogenate system, so it is
unlikely that ACAT participates in the case of plaunotol. The transesterification between
endogenous cholesterol esters and plaunotol may be catalyzed by cholesterol esterase as
another possibility. The enzymatic mechanisms that produce fatty acid conjugates of
plaunotol are now under detailed investigation and the results will be reported elsewhere.

Lipophilic metabolites remain in the body for a rather long period of time because of
their nature and may cause chronic toxicity. The fatty acid conjugates of plaunotol, however,
were only observed as such in the gastric mucosa and as glucuronide in the bile, and were not
detected in any other tissue including adipose tissue. This is presumably because the fatty acid
conjugates of plaunotol formed in the liver are further conjugated with glucuronic acid and
effectively excreted into the bile. The fatty acid conjugates of plaunotol in gastric mucosa
rather contribute to anti-ulcer activity since the production of anti-ulcer prostaglandins
(PGE, and PGI,) in vitro is enhanced by the addition of these conjugates (Ushiyama and
Matsuda, unpublished data), as is also the case with plaunotol and its carboxylic
metabolites.>

Acknowledgements The authors would like to express their gratitude to Dr. Akira Ogiso, Director of the
Research Planning Department of Sankyo Co., Ltd. and Dr. Hideyo Shindo and Dr. Minoru Tanaka, Director and
Vice Director of the Analytical and Metabolic Research Laboratories of Sankyo Co., Ltd., for their continuous
encouragement.

References

1) M. Horiguchi, Pro. Jpn. Soc. Med. Mass Spectrum, 9, 53 (1984).

2) T. Komai, T. Ikeda, K. Kawai, C. Handa and M. Tanaka, Prog. Med. 5 (supple 1), 849 (1985).

3) A.Ogiso, K. Kitazawa, M. Kurabayashi, A. Sato, S. Takahashi, H. Noguchi, H. Kuwano, S. Kobayashi and H.
Mishima, Chem. Pharm. Bull., 26, 3117 (1987).

4) D. H. Hutson, “Progress in Pesticide Biochemistry,” Vol. 2, ed. by D. H. Hutson and T. R. Robert, Wiley Inc.,
Chichester, 1982, pp. 171—184.

5) G. B. Quistad, L. E. Staiger and D. A. Schooley, J. Agr. Food Chem., 26, 60 (1978).

6) G. B. Quistad, L. E. Staiger and D. A. Schooley, J. Agr. Food Chem., 26, 66 (1978).

7) G. B. Quistad, L. E. Staiger and D. A. Schooley, J. Agr. Food Chem., 26, 71 (1978).

8) G. B. Quistad, L. E. Staiger and D. A. Schooley, J. Agr. Food Chem., 26, 76 (1978).

9) J. E. Tulliez and G. F. Bories, Lipid, 14, 292 (1979).

10) R. Fears, K. H. Baggaley, R. Alexander and R. M. Hindley, J. Lipid Res., 19, 3 (1978).

11) R. Fears and D. H. Richard, Biochem. Soc. Trans., 9, 572 (1981).

12) G. B. Quistad, L. E. Staiger and D. V. Schooley, J. Agr. Food Chem., 24, 644 (1976).

13) J. V. Crayford and D. H. Hutson, Xenobiotica, 10, 349 (1980).

14) R. Fears, K. H. Baggaley, P. Walker and R. M. Hindley, Xenobiotica, 12, 427 (1982).

15) K. Kaneko, M. Matsuo and J. Miyamoto, Toxicol. Appl. Pharmacol., 83, 148 (1986).

16) J. Miyamoto, H. Kaneko and Y. Takamatsu, J. Biochem. Toxicol., 1, 79 (1986).

17) P. O. Gunnarsson, S.-A. Johansson and L. Svensson, Xenobiotica, 14, 569 (1984).

18) E. G. Leighty, Biochem. Pharmacol., 22, 1613 (1973).

19) E. G. Leighty, A. F. Fentiman and R. L. Foltz, Res. Commun. Chem. Pathol. Pharmacol., 14, 13 (1976).

20) W. Yisak, S. Agurell, J.-E. Lindgren and M. Widman, J. Pharm. Pharmacol., 30, 462 (1978).

21) H.-D. Dell, H. Jacobi and R. Kamp, Arch. Pharmacol., 313, supple R50 (1980).

22) H.-D. Dell, J. Fiedler, R. Kamp, W. Gau, J. Kurz, B. Weber and C. Wuensche, Drug Metab. Dispos., 10, 55

NII-Electronic Library Service



-9 3603

23)
24)

25)
26)
27)
28)
29)
30)

(1982).

E. G. Leighty, A. F. Fentiman, Jr. and R. M. Thompson, Toxicology, 15, 77 (1980).

J. Schmid, A. Prox, E. Baeur and F. W. Koss, Abstracts of Papers, 7th European Workshop on Drug
Metabolism, Zurich, 1980, No.434.

J. H. Baxter, D. Steinberg, C. E. Mize and J. Avigan, Biochim. Biophys. Acta, 137, 277 (1967).

J. Caldwell and M. V. Marsh, Biochem. Pharmacol., 32, 1667 (1983).

E. G. Leighty, Res. Commun. Chem. Pathol. Pharmacol., 24, 393 (1979).

E. G. Leighty, Res. Commun. Chem. Pathol. Pharmacol., 23, 483 (1979).

E. G. Leighty, Biochem. Pharmacol., 29, 1071 (1980).

S. Ushiyama, K. Matsuda, F. Asai and M. Yamazaki, Biochem. Pharmacol., 36, 369 (1987).

NII-Electronic Library Service





