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Abstract—The effects of phenolic anti-inflammatory drug, MK-447, on prostaglandin (PG) I, and
thromboxane (TX) A, biosynthesis by rat dental pulp tissue were evaluated in the presence of 10 mM
mannitol (MA) or 1 mM ascorbic acid with 0.3 mM Fe** (A + F). Although MK-447 alone at 1 and
10 uM had no significant effects, MK-447 at 100 uM stimulated both PGI, and TXA, biosynthesis, and
suppressed the lipid peroxidation in the pulp tissue as estimated by thiobarbituric acid method. MA
also reduced the lipid peroxidation, but had no effect on PG and TX production. However, in the
presence of MA, the stimulatory effect of MK-447 was potentiated, and the significant effects were
observed at concentrations higher than 1 uM. In contrast, A + F remarkably stimulated the lipid
peroxidation, and inhibited both PG and TX biosynthesis. In the presence of A + F, MK-447 showed
no stimulatory effect, and contrary, at 100 uM inhibited PG and TX production. These results suggest
that the cellular levels of lipid peroxidation exert a significant influence on the effects of phenolic anti-
inflammatory drugs like MK-447 on PG biosynthesis. The possible mechanism of action for such drugs
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has been discussed in view of the significance of lipid peroxidation in inflammatory condition.

Since the discovery that aspirin-like anti-inflam-
matory drugs inhibit the cyclooxygenase-catalyzed
biosynthesis of prostaglandins (PGs), the inhibition
of PGs has been accepted as the mechanism of action
for these drugs [1]. However, the apparent con-
tradictory actions of phenolic compounds such as
MK-447  (2-aminomethyl-4-t-butyl-6-iodophenol)
have been reported. MK-447 is an effective anti-
inflammatory agent in vivo [2-5], whereas it stimu-
lates PG biosynthesis in vitro [2-4, 6].

Kuehl et al. [2] showed that MK-447 facilitated the
conversion of PGG; to PGH,, acting as a scavenger
of oxygen-derived free radicals, presumably [.OH],
released from PGG,. From these results, the authors
proposed that PGG;, itself and the free radicals were
mediators of inflammation, and that the action of
MK-447 was to reduce these concentrations.
However, Harada et al. [5] have recently demon-
strated that MK-447 decreases the pleural level of
PGsin rat carrageenin-induced pleurisy. MK-447 has
been also shown to inhibit the production of PG
endoperoxides in certain in vitro conditions [6, 7].
Therefore, these facts suggest that MK-447 may exert
its anti-inflammatory property by inhibiting PG
biosynthesis in certain in vivo conditions.

Lands and Hanel [7] demonstrated that MK-447
acted to inhibit cyclooxygenase activity dose-depen-
dently in purified PGH synthase (PG endoperoxide
synthetase) when the concentration of hydroperox-
ides was decreased by glutathion peroxidase. Hence,
they suggested that the ambient tissue levels of lipid
peroxides play a very significant role in modifying
the effect of phenolic anti-inflammatory drugs like
MK-447.
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The formation of lipid peroxides is a significant
chemical event associated with the appearance of
phagocytic cells such as macrophages and leukocytes
at the inflamed sites [8]. In the present study,
therefore, we have investigated whether the alter-
ation of tissue level of lipid peroxidation modifies
the effect of phenolic anti-inflammatory drug MK-
447 on PG biosynthesis by isolated rat dental pump.
The pulp tissue is an abundantly vascularized con-
nective tissue, and recently has been found to pre-
dominantly synthesize PGI, and thromboxane (TX)
A; [9].

MATERIALS AND METHODS

Materials. [*H]6-keto-PGF,, was obtained from
the Radiochemical Centre, Amersham, and [*H]-
TXB, from New England Nuclear (Boston, MA).
Anti-6-keto-PGF), rabbit serum was purchased from
Seragen Inc. (Boston, MA). Anti-TXB, rabbit serum
and authentic 6-keto-PGF,, and TXB, were gifts
from Ono Pharmaceutical Co. (Osaka, Japan). D-
mannitol, ascorbic acid, FeSo, and thiobarbituric
acid were obtained from Wako Pure Chemical
Indust. (Osaka, Japan). MK-447 was a gift from
Merck and Co. (Rahway, NJ).

Methods. Adult male Wistar rats weighing 200~
250 g were sacrificed by decapitation, and the man-
dibles and maxilla were excised. The dental pulp
tissues were carefully removed in one piece from
pulp cavities of incisors as described previously {10],
and maintained in ice-cold physiological saline until
use (30-60 min). The isolated pulp tissues (approx.
20 mg) were incubated for 30 min at 37° in 1 ml of
50 mM Tris—-HCI buffer (pH 7.4) containing 0.9%
NaCl in the presence or the absence of test agents.
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PGI, and TXA; released into the incubation
medium were determined by specific radioimmuno-
assay as 6-keto-PGF,, and TXB;, respectively [9].

After the incubation, the pulp tissues were
removed from the medium. Because of the small size
of pulp tissue, the tissues of six individual samples
were pooled (approx. 100 mg) and homogenized in
2 ml of Tris—HCI buffer at 0°. Lipid peroxides in the
homogenates were estimated as malondialdehyde by
thiobarbituric acid (TBA) method [11]. The values
were expressed as TBA value (O.D. at 530 nm/g
tissue).

Statistical analysis was made by Student r-test.

RESULTS

As shown in Fig. 1, when dental pulp tissue was
incubated in Tris—-HCI buffer with 10 mM mannitol,
the tissue level of lipid peroxides was reduced to
50% of the control level as estimated by the TBA
method. In contrast, when the pulp tissue was incu-
bated in the presence,of 1 mM ascorbic acid and
0.3 mM FeSO, (A + F), the level of lipid peroxides
was increased to about 2-fold of the control. MK-
447 (100 uM) itself inhibited the lipid peroxidation
in the pulp tissue by 34%. MK-447 also reduced the
A + F-promoted lipid peroxidation by 33%, but did
not further reduce the mannitol-suppressed lipid
peroxidation.

Figure 2 shows the effects of mannitol and A + F
on 6-keto-PGF,, and TXB, production by dental
pulp. Mannitol did not stimulate PG or TX forma-
tion. Contrarily, A + F significantly inhibited 6-keto-
PGF,, and TXB, production by 53% and 46%,
respectively.

The effect of MK-447 on 6-keto-PGF,, and TXB,
biosynthesis by rat dental pulp is shown in Fig. 3.
MK-447 at concentrations of 1 and 10 uM had no
significant influences on PG and TX production, but
at a higher concentration of 100 uM significantly
stimulated the formation of both.
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Fig. 1. Effects of MK-447, mannitol and ascorbic acid with
Fe*~ on lipid peroxidation of isolated rat dental pulp. The
pulp tissue was incubated in Tris-HCI buffer (pH 7.4) for
30 min in the absence (control) or the presence of 100 uM
MK-447, 10 mM mannito! (MA) or 1 mM ascorbic acid
with 0.3mM Fe?~ (A + F). After incubation, the lipid
peroxidation in the pulp tissue was estimated by TBA
method. Each column represents mean of two experiments
of pooled samples. Points indicate the individual value.
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Fig. 2. Effects of mannitol and ascorbic acid with Fe?* on

6-keto-PGF, and TXB, biosynthesis by isolated rat dental

pulp. Incubation conditions were the same as Fig. 1. After

the incubation, 6-keto-PGF,, and TXB, released into the

medium were determined by radicimmunoassay. Each

column represents mean = S.E. (N=6). **P <0.01 vs
control.

The effects of MK-447 on PG and TX production
in the presence of mannitol are shown in Fig. 4.
In the presence of 10 mM mannitol, the significant
stimulatory effect of MK-447 was observed at con-
centrations higher than 1 uM. Furthermore, 6-keto-
PGF,, production at 10 and 100 uM of MK-447 in
the presence of mannitol were significantly (both
P < 0.05) higher than those in the absence of manni-
tol. On the other hand, the effect of MK-447 at lower
concentrations of 1 and 10 uM on TXB, production
was not influenced by the presence of mannitol.
However, TXB, synthesis at 100 uM of MK-447 in
the presence of mannitol was significantly (P < 0.05)
higher than that in the absence of mannitol.

The effects of MK-447 on 6-keto-PGF,, and TXB,
biosynthesis in the presence of A + F are shown in
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Fig. 3. Effects of MK-447 concentrations on 6-keto-PGF,,

and TXB, biosynthesis by isolated rat dental pulp. The pulp

tissue was incubated in Tris—-HCI buffer (pH 7.4) for 30 min

in the absence (control) or the presence of MK-447. Each

points represents mean = S.E. (N =6). **P<0.01 vs
control.
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Fig. 4. Effects of MK-447 concentrations on 6-keto-PGF,,

and TXB, biosynthesis by dental pulp in the presence of

mannitol. The pulp tissue was incubated in the presence of

10 mM mannitol without (control) or with MK-447. Each

points represents mean * S.E. (N =6). **P<0.01 vs
control.

Fig. 5. As shown in Fig. 2, A + F itself inhibited the
PG and TX production. In the presence of A +F,
MK-447 showed no stimulatory effects, and contrar-
ily, at a higher concentration of 100 uM significantly
inhibited both 6-keto-PGF,, and TXB, production
by 27%.

DISCUSSION

The present study has demonstrated that MK-447
stimulates PGI, and TXA, biosynthesis by rat dental
pulp tissue, although significant increase is observed
at higher concentration (100 uM). This compound
also suppressed the tissue level of lipid peroxides.
MK-447 also has been reported to enhance PG endo-
peroxide formation in seminal vesicle microsomes
[2-4, 6]. Kuehl ez al. [2] suggested that MK-447 facili-
tates the conversion of PGG, to PGH, by acting
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Fig. 5. Effects of MK-447 concentrations on 6-keto-PGF,,
and TXB; biosynthesis by dental pulp in the presence of
ascorbic acid and Fe?*. The pulp tissue was incubated in the
presence of 1 mM ascorbic acid and 0.3 mM Fe?* without
(control) or with MK-447. Each points represents
mean = S.E. (N =6). *P <0.05, **P <0.01 vs contral.
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as a scavenger of free radicals, presumably [.OH],
released during the conversion. Since [.OH] is the
main initiator of lipid peroxidation [8], our results
are in support of the above concept. However, the
scavenging of [.OH] may not always result in the
stimulation of cellular PG biosynthesis, since manni-
tol, a typical scavenger of [.OH], had no effect on
PG and TX production by the pulp tissue whereas it
reduced the lipid peroxidation more effectively than
MK-447.

In the presence of mannitol, the stimulatory effects
of MK-447 on PGI, production by the pulp tissue
were potentiated. The enzymes of the PG biosyn-
thetic pathway, PGI, synthetase in particular, are
sensitive to oxidative deactivation by lipid peroxides
or the resultant free radicals [12, 13]. Therefore,
mannitol may facilitate the stimulatory effect of MK-
447 by protecting the enzyme against such
deactivation.

On the other hand, ascorbic acid and ferrous ions
are important initiators of non-enzymic lipid per-
oxidation, which may be promoted by [.OH] for-
mation [8, 14]. The lipid peroxidation induced by
ascorbic acid and Fe?* inhibits PGE generation in
kidney medulla slices [15]. The present study also
demonstrated that this combination markedly stimu-
lated the cellular lipid peroxidation, and inhibited
both PGI, and TXA, production in dental pulp
tissue. Since TXA, synthetase is resistant to the
oxidative deactivation [12], our result indicates that
the lipid peroxidation inhibited PG endoperoxides
formation in the pulp tissue. MK-447 also suppressed
the elevation of tissue lipid peroxidation induced by
ascorbic acid and Fe?*. However, in the presence
of these agents, MK-447 inhibited PGI, and TXA,
production. Similarly to MK-447, paracetamol (4-
acetamidophenol) at 100 uM stimulated PG and TX
production in the pulp tissue, but in the presence of
ascorbic acid and Fe?* inhibited the synthesis of both
(data not shown).

MK-447 [2-4, 6] and paracetamol [3, 16] stimulate
PG synthesis at the lower concentrations, probably
acting as phenolic cosubstrate of PG endoperoxide
synthetase [17], and inhibit at the higher con-
centrations in seminal vesicle microsomes. Fur-
thermore, the large amount of tryptophan or hydro-
quinone, which also act as the cosubstrate [17], alters
the stimulatory effect of these drugs to inhibition
[6, 16]. These facts suggest that the in virro effect of
phenolic compounds on PG production depends on
the concentration of the cosubstrate-like activities in
the reaction mixture. Therefore, it is conceivable
that the inhibition of PG biosynthetic enzymes by
ascorbic acid with Fe?* in the pulp tissue increased
the ratio of endogenous cosubstrates of PG endo-
peroxide synthetase to the enzyme. Accordingly,
the addition of MK-447 may have resulted in the
inhibition of the enzyme, i.e. the inhibition of PGI,
and TXA, biosynthesis. Thus, the present inves-
tigations suggest that the cellular levels of lipid per-
oxidation exert a crucial influence on effects of phe-
nolic anti-inflammatory drugs like MK-447 or
paracetamol on PG biosynthesis.

In contrast to our results, Lands and Hanel [7]
have reported that MK-447 stimulates cyclooxy-
genase activity in purified PGH synthase prep-
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aration, but inhibits the activity when the con-
centration of peroxides is decreased by glutathione
peroxidase. The difference may be attributed to the
different system used between the purified enzyme
preparation with exogenous stimulators of PG endo-
peroxide synthetase and the isolated intact tissue
containing natural cytoplasmic substance(s). Other-
wise, the lipid peroxides involved may be different
between those formed enzymically in their system
and those induced non-enzymically by [.OH].

However, in agreement with our result, MK-447
has been reported to stimulate PG biosynthesis in
isolated mouse ovaries, rat kidney slices [18], and rat
aorta [19]. Further, MK-447 has diuretic property,
which is also suggested to be mediated by enhancing
PG production in vivo [20]. These results suggest
that normal tissues contain sufficient levels of per-
oxides for MK-447 to stimulate PG synthesis,
although they have appreciable levels of hydro-
peroxidase activities.

During the inflammatory process, phagocytic cells
migrate to the inflammed site, and generate [.O3],
which subsequently is converted to other oxidizing
species like [.OH] [8]. Therefore, it is likely that the
abnormal amounts of lipid peroxides induced by
[.OH] gradually deactivate the PG biosynthetic
enzymes at the inflammatory site. In support of this
concept may be the finding that the levels of PGs,
(PG, in particular), in exudate from rat carrageenin-
induced pleurisy showed an increase of short dur-
ation in the early phase [21]. Under such conditions,
the ratio of endogenous cosubstrate(s) of PG endo-
peroxide synthetase to the enzyme would be altered
gradually in favour of the former. Hence, the treat-
ment with phenolic anti-inflammatory drugs such as
MK-447 or paracetamol would inhibit PG production
at the inflamed sites [6, 22]. Some lipid peroxides
are known to be potent chemotactic factors [8, 12].
Therefore, the property of such drugs to suppress
lipid peroxidation may be further enhancing their
anti-inflammatory efficacy. At present, we have no
data to verify this hypothesis. The relationship
between the local levels of lipid peroxides and PG
synthesizing activity at the site of inflammation
remains to be investigated intensively.
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