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Abstract

Panaxynol is a polyacetylene compound with anti-inflammatory and anti-platelet-aggre-
gatory effects isolated from commonly used oriental medicines. The effects of panaxynol
on the activity of prostaglandin-synthesizing and catabolizing enzymes in the rabbit gastric
antral mucosa have been examined.

At concentrations ranging from 25 to 200 uM panaxynol had no effect on the synthesis of
prostaglandins E,, F,, and D, from exogenous arachidonic acid in the microsomal fraction
of the gastric mucosa whereas at 25-200 uM it dose-dependently inhibited the activity of
15-hydroxyprostaglandin dehydrogenase (PGDH), which catalyses the initial step of
prostaglandin catabolism, in the cytosolic fraction. The concentration required for 50%
inhibition (IC50) was approximately 25 uM. Inhibition of PGDH by panaxynol was non-
competitive with regard to NAD™" and prostaglandin E,.

These results suggest that panaxynol has the potential to inhibit PGDH activity in gastric

mucosa, possibly as a result of pharmacological activity.

Panaxynol (9Z-heptadeca-1,9-dien-4,6-diyn-3-ol;)
is a polyacetylene compound isolated from Ginseng
radix, Fang-Feng and Panax ginseng (Baba et al
1987; Teng et al 1989), commonly used oriental
medicines. The anti-inflammatory and anti-platelet-
aggregatory action of panaxynol have been repor-
ted (Baba et al 1987; Teng et al 1989). Recently,
Alanko et al (1994) have reported that panaxynol
inhibits the activity of some lipoxy-genases (5-, 12-
and 15-lipoxygenases) without affecting cycloox-
ygenase activity.

There is much evidence to indicate that endo-
genous prostaglandins are important in gastric
mucosal cytoprotection and other gastric functions
(Main & Whittle 1973; Miller & Jacobson 1979;
Robert 1979). We have previously reported that the
gastric mucosa of the rabbit has a relatively high
capacity for synthesis of prostaglandins (Fujimoto
et al 1990). In this work we further show that the
capacity of the antral region of the mucosa to
synthesize prostaglandins is several times greater
than that of the corporal region. Large amounts of
enzymes involved in prostaglandin synthesis occur
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in the microsomal fraction of cells. Because prosta-
glandin-catabolizing enzymes, 15-hydroxyprosta-
glandin dehydrogenase (PGDH) and prostaglandin
A13 reductase have been found in a 105000g
supernatant (cytosolic fraction) prepared from
rabbit stomach (Hansen 1976; Moore & Hoult
1978), prostaglandin release from the gastric
mucosa depends not only on synthesis supported by
enzymes catalysing prostaglandin formation, but
also on enzymes associated with prostaglandin
catabolism. It has also been shown that in the rabbit
the antral mucosa contains large amounts of prosta-
glandin-catabolizing enzymes, PGDH and prosta-
glandin A13 reductase (Spenney 1979a,b). Because
there have been few reports of studies of the action
of panaxynol on prostaglandin synthesis and cata-
bolism in gastric mucosa we were prompted to
examine the effect of panaxynol on the activity of
prostaglandin  synthesizing and catabolizing
enzymes in rabbit gastric antral mucosa.

Materials and Methods

Materials

Panaxynol was isolated and purified from Saposhni-
koviae radix as described elsewhere (Baba et al
1987) and dissolved in ethanol. The final



1076

concentration of ethanol in the reaction mixture
was 0-05% (v/v) in all experiments. Ethanol at this
concentration had no effect on the activity of
prostaglandin  synthesizing and  catabolizing
enzymes in antral mucosal microsomes or the
cytosol. Prostaglandins E;, Fa, and D, (PGE,,
PGF,, and PGD,, respectively), the sodium salt of
arachidonic acid, and indomethacin were obtained
from Sigma (St Louis, MO) and 15-keto PGE, and
13,14-dihydro-15-keto PGE, were obtained from
Cayman (Michigan, MI). Reduced glutathione,
hydroquinone and NAD' were purchased from
Wako (Osaka, Japan). 9-Anthryldiazomethane was
obtained from Funakoshi (Tokyo, Japan). Other
reagents were of analytical grade.

Preparation of microsomal and cytosolic fractions

from gastric mucosa
Male rabbits, 2—2-5 kg, were anaesthetized (sodium

pentobarbital, 30 mg kg‘l) and the whole stomachs
were removed, rinsed with distilled water and
rapidly chilled in ice-cold 0-9% NaCl solution
(saline). The antral mucosa was obtained by gently
stripping it from the underlying muscular layer and
was then homogenized in 2vols 0-1M Tris-HCI
buffer (pH 7-5). The microsomal and cytosolic
fractions were prepared by the method of Tai et al
(1976). The antral mucosal homogenate was cen-
trifuged at 700g for 10min in a Hitachi model
20PR refrigerated centrifuge. The supernatant was
then centrifuged at 8500g for 10min in the same
centrifuge. The supernatant was then further cen-
trifuged at 105000g for 60min in a Beckman
model TL-100 ultracentrifuge. The supernatant
thus prepared was used as the cytosolic fraction; the
pellet, resuspended in 0-1M Tris-HCI buffer (pH
7-5), was used as the microsomal fraction. Protein
in the microsomal or cytosolic fractions was
determined by the method of Lowry et al (1951)
using bovine serum albumin as standard.

Assay of prostaglandin synthesizing enzyme activity
Antral mucosal microsomes (0-5mg protein) were
incubated with arachidonic acid (20 uM) for 15 min
at 37°C in Tris-HCI buffer (0-1 M, pH 8:0; 1 mL)
containing hydroquinone (0-1 mMm) and glutathione
(1 mM). The reaction was terminated by the addi-
tion of 6vols petroleum ether and the aqueous
phase was then acidified (approx. pH 3) with 0-5M
HCI and extracted with 6 vols ethyl acetate. PGE,,
PGF,, and PGD, in the extracted lipid were
determined simultaneously by the high-perfor-
mance liquid chromatographic (HPLC) method
described in our previous paper (Fujimoto et al
1990). Briefly, prostaglandins were measured after
esterification with anthryldiazomethane. Because
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anthryldiazomethane contains many impurities
which interfere with the HPLC determination,
purification of the prostaglandin esters was
attempted by the use of a normal-phase silica car-
tridge (Sep-Pak, Waters Associates). After pre-
paration of the cartridge by rinsing with methanol
(10mL) then toluene—chloroform (1:1, v/v;
20mL), the sample was passed through the car-
tridge which was washed with toluene—chloroform
(1:1, v/v; 10mL). The prostaglandin anthryldia-
zomethane derivatives were then eluted quantita-
tively with acetonitrile~methanol (4:1, v/v;
10mL). For quantification of the derivatives peak
heights were measured relative to those of standard
derivatives prepared from authentic prostaglandins.

Assay for prostaglandin-catabolizing enzyme
activity

Assay of prostaglandin-catabolizing enzyme activ-
ity was performed in accordance with our pre-
viously reported method (Sakuma et al 1996).
Antral mucosal cytosol (0-3 mg protein) was incu-
bated with PGE, (28-4 uM) for 15min at 37°C in
Tris-HC1 buffer (pH 7-5, 0-05M; 1 mL) containing
2mM NAD™. After incubation, 15-keto PGE, and
13,14-dihydro-15-keto PGE, in the reaction mix-
ture were extracted and simultaneously determined
by HPLC as described above.

Statistical analysis

Results are presented as means=+ s.c.m. Statistical
significance was determined by use of Student’s z-
test.

Results

Figure 1a shows the effect of panaxynol on prosta-
glandin synthesis in rabbit gastric antral mucosal
microsomes. Incubation was performed in Tris-HCl
buffer (0-1M) supplemented with a mixture of
compounds (glutathione and hydroquinone) pre-
viously shown to stimulate the conversion of ara-
chidonic acid into prostaglandins by the
microsomes of a variety of tissues (Takeguchi et al
1971; Tai et al 1976). In the control experiment,
incubation with arachidonic acid (20 uM) in the
absence of panaxynol, the major prostaglandin
produced was PGE, (66-7%) with two other prosta-
glandins (PGF,,, 21.5%; PGD,, 11-8%) also
present. Panaxynol had no effect on the total
prostaglandin formation (the sum of PGE,, PGF,,
and PGD,), reflecting cyclooxygenase activity at
concentrations up to 200uM. No significant
alterations were observed in the synthesis of all
three prostaglandins (PGE,, PGF,, or PGD,).
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Figure 1b shows the effect of panaxynol on
prostaglandin catabolism in rabbit gastric antral
mucosal cytosol. Incubation was performed in Tris-
HCI buffer (0-05M) supplemented with NAD" as a
cofactor of PGDH. In the control experiment,
incubation with PGE, (28-4 uM) in the absence of
panaxynol, the major prostaglandin catabolite was
15-keto PGE, (81.9%) with 13,14-dihydro-15-keto
PGE, (18:1%) also present. Panaxynol dose-
dependently reduced the amount of 15-keto and
13,14-dihydro-15-keto PGE, formed from exogen-
ous PGE,, reflecting PGDH activity at concentra-
tions ranging from 25 to 200uM (57-91%
inhibition). The concentration required for 50%
inhibition (IC50) was approximately 25 uM. The
inhibition was reflected in the formation of the two
catabolites.

Indomethacin is a representative cyclooxygenase
inhibitor known to inhibit PGDH from the rabbit
lung and dog spleen (Flower 1974) and so the
effects of panaxynol on the activity of prostaglan-
din-synthesizing and catabolizing enzymes in the
gastric mucosa were compared with the effects of
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Figure 1. The effects of panaxynol and indomethacin on
prostaglandin synthesis (a, ¢) and catabolism (b, d) in rabbit
gastric antral mucosa. In a and ¢ the microsomal fraction
(0-5 mg protein) was incubated with arachidonic acid (20 uM)
for 15 min at 37°C in Tris-HCI buffer (pH 8.0, 0-1M; 1-0mL)
containing reduced glutathione (1-0mM) and hydroquinone
(0-1mM) in the absence or presence of panaxynol or indo-
methacin. PGE,, O; PGF,,, AA; PGD,, [J; the sum of PGE,,
PGF,, and PGD,, @. In b and d the cytosolic fraction (0-3 mg
protein) was incubated with PGE, (28-4 uM) for 15 min at 37°C
in Tris-HC! buffer (pH 7-5, 0-05M; 1.0mL) containing NAD*
(2-0mM) in the absence or presence of panaxynol or indo-
methacin. 15-Keto PGE,;, O; 13,14-dihydro-15-keto PGE,, A;
the sum of 15-keto PGE,; and 13,14-dihydro-15-keto PGE,, @.
Each point is the mean of results from four experiments;
vertical lines show s.e.m. * P < 0-05, ** P < 0-01, significantly
different from the corresponding result in the absence of
panaxynol or indomethacin.
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indomethacin (Figures lc, d). Indomethacin (25—
200 um) dose-dependently reduced total prosta-
glandin formation. The IC50 value for cyclooxy-
genase was approximately 25 yuM. The inhibition by
indomethacin was reflected in the synthesis of all
three prostaglandins (PGE,, PGF,, and PGD,);
indomethacin at concentrations of 100 uM or more
reduced the formation of 15-keto PGE,, 13,14-
dihydro-15-keto PGE, and their sum (15-keto PGE,
plus 13,14-dihydro-15-keto PGE,). The IC50 value
for PGDH was 150 uM. Thus, indomethacin inhib-
ited PGDH with a higher IC50 value than panax-
ynol. It should be noted that indomethacin inhibited
cyclooxygenase more effectively than PGDH.

In an attempt to discover the mode of action of
panaxynol as an inhibitor of PGDH, we also
investigated the effect of panaxynol on PGDH
activity by kinetic analysis. PGDH activity, mea-
sured by determining the sum of 15-keto PGE, and
13,14-dihydro-15-keto PGE,, was linearly depen-
dent on protein concentration (0-1-0-6 mg) and time
up to 30 min (data not shown). Figure 2 shows the
double-reciprocal plots of the effects of panaxynol.
When NAD™ was the variable substrate, panaxynol
considerably reduced the maximum velocity of the
reaction (V,) but did not affect the Michaelis
constant (K,,), i.e. inhibition by panaxynol seemed
to be non-competitive. A similar inhibition pattern
was also obtained for PGE,.

Discussion

Because the gastric mucosa can synthesize and
inactivate  prostaglandins, prostaglandins that
emerge from the gastric mucosa are the net result of
these two opposite properties. The conversion of
arachidonic acid to PGE,, PGF,, or PGD, can be
separated essentially into two components. Firstly,
cyclooxygenase catalyses the oxygenation of ara-
chidonic acid to PGG; and the subsequent reduction
of PGG, to PGH,. Secondly, an endoperoxide E,
isomerase catalyses rearrangement of PGH, into
PGE,, an endoperoxide F,, reductase catalyses
reduction of PGH, into PGF,,, or an endoperoxide
D, isomerase catalyses rearrangement of PGH, into
PGD,. The first step of the catabolism of prosta-
glandins is catalysed by PGDH which converts
prostaglandins to 15-keto prostaglandins which are,
in turn, converted to 13,14-dihydro-15-keto prosta-
glandins by prostaglandin A13 reductase (Hansen
1976; Moore & Hoult 1978). PGDH has been
considered as the key controlling enzyme in the
catabolic pathway of prostaglandins (Samuelsson et
al 1971). We examined the effects of panaxynol on
the activity of prostaglandin-synthesizing and cata-
bolizing enzymes in rabbit gastric antral mucosa,
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Figure 2. Double-reciprocal plots of the effects of panaxynol
on 15-hydroxyprostaglandin dehydrogenase activity in rabbit
gastric antral mucosa. A. PGE, concentration was fixed at
28.4 uM. B. NAD™ concentration was fixed at 2 mM. Control,
O; 25 uM panaxynol, @. Each point is the mean of duplicate
experiments.

and compared the results with those for indo-
methacin.

As shown in Figure 1, indomethacin was a rela-
tively poor inhibitor of PGDH when compared with
its effectiveness as an inhibitor of the cycloox-
ygenase in the gastric mucosa. A similar tendency
has been described for enzyme preparations from
different tissues (Flower & Vane 1974; Hansen
1976). The current study showed that panaxynol
was a more powerful inhibitor of PGDH activity in
the gastric mucosa than was indomethacin, without
affecting cyclooxygenase activity. The kinetic data
in Figure 2 indicate that panaxynol is a non-com-
petitive inhibitor of PGDH with regard to NAD™
and PGE;. This suggests that panaxynol might not
affect the binding of the substrates to the enzyme.
Previous studies on bovine lung PGDH (Hansen
1974) and placental PGDH from man (Jarabak
1988) have shown that indomethacin is also a non-
competitive inhibitor for PGDH with regard to
NAD" and PGE;.

Exogenous administration of certain types of
prostaglandin, such as PGE, and PGIL,, effectively
prevent the ulceration induced by various ulcero-
gens (Miller & Jacobson 1979; Robert 1979; Robert
et al 1979), suggesting pharmacological action of
panaxynol related to its ability to modulate pros-
taglandin catabolism. Although the mechanisms of
modulation remain to be investigated, we have
obtained the first direct evidence that panaxynol, a
polyacetylene compound isolated from oriental
medicines, has the potential to inhibit PGDH
activity in gastric mucosa.
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