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Abstract--Four pyiazol-pyndine derivatives were found to increase about 3-fold the oxygen con-
sumption by microsomes of ram seminal vesicles in the presence of arachidonic acid (100 xM) and
19 times prostaglandins generation. They had no influence on malondialdehyde formation. Radio-
chemical studies showed that mainly PGE, generation was increased, Stimulation of PG generation
was observed ulso in bovine seminal vesicle microsomes but only in the absence of hydroquinone
and glutathione. Tested compounds stimulate oxygen consumption in renal medulla but not in renal
cortex. They had noinfluence on sovbean lipoxidase activity.

Some pyrazol-pyridine dervivatives (Fig. 1) were
synthesized as potential antimitotic drugs{1]. Two
of these compounds (111 and 1V) possess similar
chemical strocture as herbicide paraguat (1,1°-
dimethyi-4.4'-dipinidyhun chioride). Paraquat was
found[2] to gencrate superoxide radicals (0.),
which produce hydrogen peroxide under the in-
fluence of superoxide dismutase. Since hydrogen
peroxide stimulates prostaglandin biosynthesis [3] it
has been interesting to test the influence of the title
compounds on  the prostaglandin - synthetase
activity.

MATERIALS AND METHODS

Enzymic preparations. Homogenates of the rabbit
kidney were prepared separately from renal cortex
and renal medulla. The tissues were homogenized
in @ 0.05 M phosphate butfer pH 7.0 10 yvield the final
concentration of 100 mg wet tissue/ml in the
medulla. and 20 mg wet tissue/ml in the cortex.
Microsomes of ram (RSVM) and bull (BSVM)
seminal vesicles were prepared by the method of
Takeguschil4]. RSVM were Ivophylized and resus-
pended just before experiments in 0.1 M Tris-HC!
buffer pH 8.2 ar concenuations of 2.5 or 5 mg/ml.
Freshly prepared BSV M were vesuspended in 0.067
M phosphate hutfer pH X Fipoxidase (linoleate~
oxygen oatdoreductase FC 113, 1.13) from sova-
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Fig. 1. Chemical struciure of tested compounds,
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bean was dissolved in 0.1 M borate buffer pH 9 at
the concentration of 2 ug/ml.

Measurement of enzymic activities. Determi-
nation of malondialdehyde (MDA) formation{5]
was used as a measure of total lipid peroxidation
both by cyclo-oxygenase and by non-specific
reactions [6]. The method was applied for RSVM
suspensions incubated with 100 uM of sodium
arachidonate at 37° for 10 min. The results were
expressed in nmoles of MDA/l mg of microsomes
Measurement of oxygen consumption by enzymic
preparation refers to oxygen which was used for
peroxidation of linolenate by lipoxidase and per-
oxidation of arachidonate by RSVM or by kidney
homogenates. Oxygen consumption was measured
using Clark’s electrode and YSI Oxygen Monitor
model 53 in 3 ml samples. Before inserting the
electrode each sample was stirred in air for 5 min
with or without tested compounds. Oxygen con-
sumption was measured 10 min for RSVM, 15 min
for lipoxidase, | min for renal medulla and 5 min for
renal cortex after addition of substrates. The sub-
strates used were | mM sodium linolenate (for
lipoxidase) or 0.1 mM sodium arachidonate (for
microsomal PG synthetase and kidney homogen-
ates). The temperature of the incubation was 25°for
lipoxidase or 37° for RSVM and kidney homogen-
ates. In some experiments cyclo-oxygenation was
suppressed by indomethacin[7] at a concentration
of 10 xM. The results were expressed in nmoles of
oxygen consumed by an enzymic preparation during
given period of time. Prostaglandin-like activity was
biovassayed by the method of Vane(8] after the
incubation of microsomal preparations with arach-
idonic acid. RSVM were incubated for 10 min at 37°
without exogenous cofactors in the presence of 100
#M of sodium arachidonate. BSVM were incubated
for 20 min at 37° without or with 45 xM of hydro-
quinone and 165 xM of glutathione. In both cases
33 uM of sodium arachidonate was present. After
incubation the mixture was boiled and bioassayed
without extraction. Blank samples contained micro-
somes boiled before incubation. The results were
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Fig. 2. The influence of 1000 zM of compounds I-IV on
the oxygen consumption by RSVM. RSVM "“B” {2.5
mg/ml) were incubated with tested compounds for 10 min
before 100 M arachidonic acid was added. Ordinate: time
measured starting from arachidonic acid addition. Ab-
scissa; per cent of oxygen consumed by a sample in time
taking the amount of the oxygen in sample saturated with
air as 100 per cent.

expressed in nmoles of PGE.-like activity/mg of
microsomal protein. Protein content in BSVM was
determined by biuret method [9]. In one experiment
RSVM were incubated with 1.64 nmole (0.1 xCi) of
{1-"C]sodium arachidonate. The ethyl acetate
extract of this mixture was chromatographed on a
thin layer plate in a system A1[10]. After drying
the autoradiograph was developed and the spots on
a film were compared with R; values for PGE.,.
PGF,,, PGD, and 6-keto-PGF,, which were de-
scribed in the paper[10].

Reagents. Arachidonic acid (Sigma. U.S.A.) was
purified by column chromatography on silica gel
(Serva, 200-300 mesh). [1-"*Clarachidonic acid
(Amersham, U.K.). Lipoxidase. Trisma-HCl and
Trisma-base were obtained from Sigma and indo-
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methacin (Metindol) from Polfa. The pyrazol-
pyridine derivatives were obtained from the
Department of Organic Chemistry Polish Academy
of Sciences., Warsaw.

RESULTS

The influence of tested pyrazol-pyridine deriva-
tives on the enzymic activity in RSVM was deter-
mined in two batches of RSVM. Batch A, 5 mg/ml
consumed 9.1 £ 0.2 (mean + S.E. n =4} and batch
B, 2.5 mg/ml consumed 17.8 = 0.6 (n = 14) nmoles
of oxygen/mg of microsomes. Each of four tested
compounds at a concentration of 1 mM increased
oxygen consumption in RSVM (Fig. 2). Compound
II was the weakest in this respect while the other
three compounds were more or less equipotent
(Fig. 2 and Table 1). The maximal effect was ob-
served 2 min after addition of arachidonic acid.
Later the oxygen consumption reached a plateau,
or in some cases the amount of oxygen in the
mixture increased (Fig. 2).

The amount of oxygen consumed during 10 min
in the samples containing | mM of tested com-
pounds was highly significant as compared with the
control (Table 1). In this series of experiments none
of the tested compounds significantly influenced
MDA formation (Table 1).

Compound | increased significantly PG gener-
ation by RSVM (Table 1). Compound ! was chosen
for more detailed studies. The stimulation of oxygen
consumption by I was dose-dependent (Fig. 3). In
this batch of RSVM (A} a stimulation of MDA
formation by [ was observed. It was highly signifi-
cant only at a concentration of 100 xM whereas at
a concentration of 1000 #M it was significant only
at the level of 0.01 < P <0.05 (Fig. 3).

Indomethacin at the concentration of 10 gM
inhibited in about 63% oxygen consumption, MDA
and PG generation (Table 2). The residual enzymic
activity was stimulated by I in the respectof oxygen
consumption and PG generation. The stimulation of
PG generation was much stronger than stimulation
of oxygen consumption. Radiochromatogram of the
incubation mixture (Fig. 4) shows that I stimulated
PGE, and PGD, formation by about 400 per cent,
6-keto-PGF,, generation by 1530 per cent and had
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Fig. 3. Relationship between the concentration of I and oxygen consumption (circles) and MDA

generation (crosses) by RSVM. RSVM “A™ (5 mg/mh were incubated with [ 10 min before 100 xM

arachidonic acid was added. Oxygen consumption was measured for 10 min and then MDA was

estimated in the sample. Ordinate; | concentration. Abscissa: nmoles of O, consumed or MDA
generated by | mg of microsomes.
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Table 1. The influence 1000 M of compounds I,

11, 111 and IV on oxygen consumption, MDA and

PG generation by RSVM

Oxygen consumption MDA generation PGE,-like activity
Control 17.78 £ 0.57 (14) 0.694 = 0.047 (6) [.34 = 0.235 (6}
I *59.14 = 4.01 (10} 0.581 = 0.036 (4) 2522979 (%)
Il *45.31 =3.26 (4) 0.824 = 0.089 (4) NT
11 *59.14 £ 2.85 (3 0.729 = 0.089 (3) NT
v *63.12 2241 (3 0.770 = 0.095 (3) NT

RSVM *“'B™ (2.5 mg/ml) were incubated with tested compounds in 37° for 10 min before 100 M
of arachidonic acid was added. Oxygen consumption was measured for 10 min and then the sample
was taken for MDA or PG estimation. Results are expressed as nmoles/mg of microsomes. Results

were compared with the control using Student’s

*P<0.001, +0.01 <P <0.05 NT = not tested.

't test.

The numbers of experiments in the parentheses.

Table 2. The influence of indomethacin and I+ indomethacin on oxygen consumption, MDA and PG generation by
RSVM

RSVM + 100 xM arachidonic acid
+ 10 zM of indomethacin + 10 M indomethacin + 1000 xM of I

0, MDA

PG 0. MDA PG

nmoles/mg of microsomes 6.7+x03(1H 02120063 052=x0.17(5% 293=x53(7) 021(1 9.0x461(5

Inhibition (as compared with 62% 70%
values on Table I)

Increase of the residual — —
activity

617 — _— —

— 337% 0z 16306F

RSVM B™ (2.5 mg/ml) were preincubated with indomethacin {10 #M) for 5 min at room temperature, then 5 min
with or without I (1000 zM) in 37°. Oxygen consumption was measured for 10 min after addition 100 M of arachidonic
acid and then MDA and PG were determined in the sample.

no influence on PGF., production. The same mode
of action was observed both in non-inhibited and
in partially by indomethacin inhibited samples.

Compound I, at the concentration of | mM stimu-
lated PG-generation by BSVM (Fig. 5). The maxi-
mal effect was observed at the concentration of 350
#M. Enrichment of the homogenate by 45 xM of
hydroquinone and 165 xM of glutathione increased
the activity of microsomes from 1.25 +0.16 (n=3)
nmoles to 3.29 0.3 (n=35) nmoles of PGE,-like
activity/mg of protein. Exogenous cofactors abol-
ished completely the stimulatory effect of 1 on PG
synthetase activity in BSVM (Fig. 5).

Compound I had no significant influence on lipoxi-
dase activity (measured as nmoles of O, consumed
by 1| ug of the enzyme during 15 min). In control
samples it was 28.4 =3.9 (n=3) and in samples
containing | (1000 xM) 383 2436 (n=3), P>0.1.

Compound | increased oxygen consumption by
homogenates of rabbit kidney medulla from
0.2 = 0.0003 nmoles O./1 mg of tissue (n=23) to
0.43 £ 0.02 nmoles O./1 mg of tissue., P <0.001
(n = 3). It diminished oxygen consumption in homo-
genates of rabbit kidney cortex {3.3 = 0.2 nmoles
O./1 mg of tissue (n = 5) in control homogenates and
2.2x0.26 nmoles 0./l mg of tissue (r=3) in
homogenates containing | mM I, 0.001 <P < 0.01}.

DISCUSSION

Autoradiographic studies revealed that 47 per
cent of arachidonic acid (100 M) was converted by

RSVM to numerous more polar products, with the
chromatographic mobility of 6-keto-PGF,, (3.5 per
cent), PGF., (3 per cent), PGE,; (9 per cent), PGD,
(2.7 per cent), a product with R; 0.57 (7.6 per cent)
and hydroxyacids (11 per cent). This is in a good
agreement with the finding that 15 per cent of oxygen
which was consumed during incubation of arachi-
donic acid with RSVM was used to generate PG-
like substances with the contractile activities of
the bioassay organ as follows: PGE. > PGF,,
> 6-keto-PGF,, > PGD,.

Compound I stimulated the conversion of arachi-
donic acid by RSVM to radioactive products and
only 7.5 per cent of the substrate remained unre-
acted. This stimulation was the most prominent in
case of PGE, which comprised 46 per cent of total
radioactivity spotted on a plate. The corresponding
values for other PGs were: 6-keto-PGF,, (7.2 per
cent}, PGF,, (1.4 per cent), PGD, (11.2 per cent).
Again there was a correlation between the data
obtained by radioassay and bioassay. We calculated
that in the presence of 1. 85 per cent of oxygen which
was consumed during incubation of arachidonic acid
with RSVM was used for production of PG-like
substances.

Compounds 11, Il and IV stimulated similarly to
I the oxygen consumption by RSVM. however
neither compound I nor its analogs stimulated the
formation of MDA. Therefore it seems that [
specifically stimulates biosynthesis of PGE, in
RSVM. Renal medulla and renal cortex constitute
a good model for differentiation between the routes
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Fig. 4. Radiochromatogram of the extract from the incu-
bation mixture containing RSVM and 100 gM of arachi-
donic acid + 1.64 nmoles of [1-""Clarachidonic acid.
Experimental conditions were as described in Fig. 2.
A—RSVM (2.5 mg/ml) + 100 4uM arachidonic acid. B—
RSVM + arachidonic acid + 1000 y4M I, C—RSVM + ar-
achidonic acid + 10 xM indomethacin + 1000 x4M 1, D—
RSVM + arachidonic acid + 10 #M indomethacin.
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of arachidonic acid oxidation either to form PG
endoperoxides (medulla) or linear lipid peroxides
(cortex) [6]. We have found that I stimulates oxygen
consumption only in renal medulla but not in renal
cortex. The final proof that the I is specific stimu-
lator of PG synthetase system is that I does not
stimulate oxygen consumption in the system; lino-
lenic acid-soybean lipoxidase. The stimulatory
effect of I on PG synthetase was abolished by the
presence of hydroquinone and glutathione in the
incubation mixture (BSVM + arachidonic acid). We
have described a similar phenomenon for
paracetamol [ 1].

Compound 1| and paracetamol increase oxygen
consumption and PG generation. This effect may
be due to a direct stimulation of cyclooxygenase.
Alternatively I and paracetamol may activate both
PGG,/PGH, peroxidase or PGE, isomerase. How-
ever, glutathione known as a cofactor for PGE.,
isomerase [12] does not stimulate oxygen consump-
tion by RSVM incubated with arachidonic
acid[11]. On the other hand, phenol and its deriva-

H. KAspERCZYK and J. RoBAK

SOOF

4001 T

3ooL 1

ZOO~{

Percent of control

=

35 105 350
(1} [£M] concentration

1050

Fig. 5. The influence of various concentration of 1 on PG

generation in BSVM in the absence (circles) or in the

presence of 45 M of hydroquinone and 165 gM of gluta-

thione (crosses). PGE,-like activity was bioassayed after
20 min of incubation.

tives being recognized as the stimulators of
PGG./PGH, peroxidase[13, 14] stimulate oxygen
consumption and PG generation in the same
system[15].

Therefore we believe that compounds I-1V either
stimulate cyclooxygenase or activate PGG,/PGH,
peroxidase. We have not enough data to confirm
any of these possibilities. A long list of PG-system
inhibitors [7] was supplemented here by a new class
of compounds namely: phenol, 2-aminomethyl-4-
t-butyl-6-iodophenol (MK-447), paracetamol and
pyrazol-pyridine derivatives which stimulate this
enzyme.

The effect of PG-synthetase stimulators on in-
flammation is not elucidated. Phenol and MK-447
[14] were claimed to be anti-inflammatory. para-
cetamol was found to be inactive [16] or to possess
only weak anti-inflammatory activity [17]. Our pre-
liminary results show that I has no influence on the
carrageenin oedema in rats.
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