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Abstract-—Saturated fatty acids (C;q, Cy, Cis Cig and C;g) as well as lauryl sulphate inhibit the
microsomal prostaglandin synthetase of bovine seminal vesicles (BSVM). The most potent inhibitors
are lauryl sulphate, lauric and myristic acids (IC5, = 250 uM). The last two acids are strong ligands
to hydrophobic sites of albumin. Indomethacin is also strongly bound to the hydrophobic sites of
albumin; however, indomethacin inhibits the generation of prostaglandins at a concentration approxi-
mately 2500 times lower than the most active fatty acid inhibitor. The inhibitory action of fatty acids
and indomethacin on prostaglandin synthetase activity has been measured by estimation of either
PGE, or malondialdehyde, which are generated from arachidonic acid by BSVM. The former pro-
cedure is more reliable and reproducible than the latter.

The inhibitory action of unsaturated fatty acids on
prostaglandin (PG) synthetase has been thoroughly
investigated [1,2] and reviewed [3], while the in-
fluence of saturated fatty acids on the activity of this
microsomal enzyme is hardly mentioned in the litera-
ture [4]. Here we report on the influence of seven
saturated fatty acids (C4—C,g) on the generation of
prostaglandin E, (PGE,) and malondialdehyde from
arachidonic acid by bovine seminal vesicle micro-
somes (BSVM). We also describe the ability of these
acids to displace 8-anilino-1-naphthalene sulphonate
(ANS) from hydrophobic sites of bovine serum albu-
min. Generation of malondialdehyde from arachi-
donic acid by the microsomal enzyme has been de-
scribed by Samuelsson [5] and proposed [6] as the
index of prostaglandin synthetase activity. Binding of
PG synthetase inhibitors to hydrophobic sites of
albumin has been reported previously [7, 8].

MATERIALS AND METHODS

The following substances were used: Bovine serum
albumin (Cohn fraction V), produced by Polish
Serum and Vaccines Works (dialized and lyophylized
95-99%, albumin); 8-anilino-I-naphthalene sulphonic
acid ammonium salt (ANS), kindly supplied by Sigma
Chemical Co.; Arachidonic acid, Sigma; Glutathione,
produced by Polish Serum and Vaccines Works;
Hydroquinone, Malinckrodt; Adrenaline, British
Drug Houses; Malondialdehyde tetramethylacetal, K
and K Laboratories Inc.. Plainview; Sodium lauryl
sulphate, BDH Indomethacin. Polfa; Hexanoic acid
(caproic), Riedel de Haen A.G. Seelze; Octanoic acid
(caprylic), Koch and Light Laboratories; Decanoic
acid (capric), Reachim; Dodecanoic acid (lauric),
Schuchardt; Tetradecanoic acid (myristic), Koch and
Light Labs; Hexadecanoic acid (palmitic), Schu-
chardt; Octadecanoic acid (stearic), Schuchardt.

Solutions of sodium salts of fatty acids were made
up with a stechiometric volume of 1 N NaOH, heated,
and diluted with distilled water.
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Prostaglandin synthetase activity. Arachidonic acid
was used as the substrate, glutathione (160 uM) and
hydroquinone (45 uM) as cofactors, and BSVM (1 mg
protein/ml) as the source of the enzyme. The final
volume of samples was 2ml in 0-067M phosphate
buffer pH 8. In kinetic experiments (calculation of
K,, and K; values) the substrate concentration was
10-1000 uM, while in other experiments arachidonic
acid was used at a concentration of 33 uM. The
sequence of composition of the reaction mixture was:
arachidonic acid, activators, an inhibitor and the
enzymic preparation. Samples were incubated for
5min and then boiled. The enzymic activity was mea-
sured by bioassay of the end product of the reaction
ie. PGE, [6]. We found previously [7. 9], using two
systems of thin layer chromatography, that in above-
mentioned experimental conditions 80-90%, of bio-
logical activity in the incubation mixture is confined
to PGE,.

Solutions of sodium salts of saturated fatty acids
were found not to interfere with PG bioassay. The
potency of myristic acid to inhibit PG synthetase by
50%, (1Cso) was calculated from the regression equa-
tion, where x is logarithm of myristic acid con-
centration (10-1000 uM), and y is per cent of enzyme
inhibition. 1C5, values for other fatty acids were esti-
mated graphically. Reference substances (lauryl sul-
phate and indomethacin) were tested at four con-
centrations and regression lines were calculated.

Malondialdehyde formation. The formation of
malondialdehyde from arachidonic acid (150
1000 uM) by lyophylized BSVM was determined by
the method of Flower er al. [6]. The inhibitors (indo-
methacin and myristic acid) were not preincubated
with BSVM. The sequence of preparation of the incu-
bation mixture was the same as for the estimation
of PG synthetase activity. The amount of malondial-
dehyde formed was read from the standard curve
drawn for malondialdehyde tetramethylacetal.

Binding of 8-anilino-1-naphthalene sulphonate (ANS)
to bovine serum albumin. Fluorescence of the complex
of ANS with albumin was measured at 470 nm (exci-
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Fig. 1. Influence of the substrate concentration on velocity

of prostaglandin E, formation by bovine seminal vesicle

microsomes (BSVM). The composition of the reaction mix-

ture was as follows, 10~2000 uM arachidonic acid, 45 uM

hydroquinone 160 uM glutathione, | mg BSVM protein/ml

in 0067 M phosphate buffer pH 8-0. The final volume of
the incubation mixture was 2 ml.

tation wavelength 380 nm). Quenching of fluorescence
by the saturated fatty acids and by the reference sub-
stances was estimated by the method reported pre-
viously [&].

RESULTS

A strong inhibition of enzymic PGE, generation
by an excess of the substrate was observed (Fig. 1).
The K,, value was 76 x 107¢M (Fig. 3).

The potencies of saturated fatty acids to inhibit PG
synthetase activity and to quench the fluoresence of
the ANS-albumin complex (Fig. 2) increased (for C¢—
C,, acids) and decreased (for C,,—C, ¢ acids) in paral-
lel. The 15, values for mhibition of PG synthetase
and for ANS displacement from albumin by myristic
acid were compared with the corresponding ICsq
values for reference substances, i.e. indomethacin and
lauryl sulphate (Table 1).

Indomethacin is a much stronger inhibitor of PG
synthetase than myristic acid and lauryl sulphate
(Table 2) whereas the binding to albumin hydro-
phobic sites is of the same order of magnitude for
all three compounds. The kinetic data for inhibition
of PG synthetase (Fig. 3) revealed that indomethacin
is a competitive inhibitor of PG synthetase (K; =
36 x 1078 M) providing that the drug has not been
preincubated with the enzyme. When indomethacin
was preincubated with BSVM for Smin before the
substrate was added, then the inhibition of enzymic
activity also occurred, but independently of the con-
centration of arachidonic acid used. Inhibition of the
enzymic activity by myristic acid seemed to be of
mixed type (Fig. 3).

J. RoBak, A. DEMBINSKA-KIEC and R. GRYGLEWSK!

100

50— \
.§[§
_cﬁ C C c C

Fig. 2. Inhibition of prostaglandin synthetase activity
(white columns) and quenching of the fluorescence of the
complex of 8-anilino-1-naphthalene sulphonate (ANS) with
albumin (striped columns) by saturated fatty acids at a
concentration of 1073 M. Inhibition of prostaglandin syn-
thetase activity was investigated in the same conditions
as those referred in Fig. 1. except for the concentration of
arachidonic acid which was 33 uM. Fluorescence was mea-
sured in a solution containing 10 uM bovine serum albu-
min and 40 uM ANS (excitation wavelength 380 nm, fluor-
escence 470 nm).

Percent inhibition

Lo

[e]

a Cis Cig

The generation of malondialdehyde by BSVM was
estimated at concentrations of arachidonic acid from
150 uM to 1000 uM ; however, a linear increase in vel-
ocity of the reaction was observed in a range of con-
centrations from 300 to 600 uM of the substrate (Fig.
4). The approximate K,, value was 4 x 107*M and
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Fig. 3. Lineweaver and Burk’s double-reciprocal plot for
inhibition of prostaglandin synthetase activity by myristate
and indomethacin. The lines were drawn by the method
of least squares. The experimental conditions were the
same as in Fig. 1. K,, was 76 x 107°M in the absence
of an inhibitor and 17 x 107°M in the presence of indo-
methacin at a concentration of 8 x 1078M. ¥,  was
(-448 nmoles PGE,/mg of BSVM protein/min in the
absence of inhibitor and 0-503 in the presence of indometh-
acin. In the presence of myristate at a concentration of
1073M K, was 155 x 107°M and V,,,, was 0-226 nmoles
PGE,/mg BSVM protein per min. Each point represents
the mean of 3-4 experiments.

Table 1
ICso for ANS
displacement 1Cso for PG synthetase
Compounds (uM) inhibition (uM)
Myristic acid 260 265
Indomethacin 140 0-07
Lauryl sulphate 100 250
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Table 2. Inhibition of prostaglandin E, generation from arachidonic acid by boyvine seminal vesicle microsomes (BSVM)

n r
ICsq (number of a (regression
Inhibitor (M) cxperiments) {slope) (intercept) coefficient) S.D.
Indomethacin 407 23 49-6 —21-19 0-8643 921
Lauryl
sulphate 250 13 397 —143-11 09050 9-53
Myristate 265 30 305 - 957 07327 133

The composition of the reaction mixture was the same as in Fig. | but the concentration of arachidonic acid was
33 uM. The potency of indomethacin. lauryl sulphate and myristate to inhibit prostaglandin synthetase activity by
50% (105) was calculated from the regression equation y = a + bx where y is per cent of inhibition of enzyme activity

and x is log of concentration of an inhibitor (ng/ml).

Vaar about 069 nmoles of malondialdehyde/mg
BSVM protein per min. Myristic acid and indometha-
cin scem to be noncompetitive inhibitors of malon-
dialdehyde formation. The approximate K, values for
myristic acid and indomethacin were 107*M and
7 x 107 M respectively. It was not possible to calcu-
late K; by the method of Lineweaver and Burk
because the curves did not cross the 1/v axis. There-
fore, we approximated these values as follows. V.
was assumed as the velocity of the reaction at a con-
centration of arachidonic acid of 700 uM, since
further increase of the substrate concentration did not
increase the velocity. In the absence of inhibitors K,
was found on [S] axis for 1/2V,,,, Both inhibitors
changed only V,,,,, but not K, and therefore K; values
were calculated from the formula:

18]

jmax _ 1

v,
where [17 is inhibitor concentration, V,, is the vel-
ocity of the reaction in the absence of inhibitor and

I is the velocity of the raction in the presence of
inhibitor.

K, =

DISCUSSION

The inhibition of the enzymic formation of PGE,
in bovine seminal vesicle microsomes (BSVM) by an
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Fig. 4. Influence of substrate concentration on malondial-

dehyde {formation in the absence or in the presence of indo-

methacin and myristate. The composition of the reaction

mixture was as follows: 5000 uM adrenaline. 5000 M glu-

tathione, 300-1000 uM arachidonic acid and 1 mg BSVM

protein/ml in 01 M Tris buffer pH 82. The final volume
of the incubation mixture was 2 ml

excess of arachidonic acid has been reported by
Flower et al. {6]. The K,, value calculated from their
graph is about 107* M. Ho and Esterman [10] have
reported K, equal to 1-65 x 107° M. Our K,, value
{76 x 107 °M) is nearer the latter result. The diver-
gence in K, values obtained in different laboratories
may result from a different composition of reaction
mixtures. Flower et ol [6] used very high con-
centrations of glutathione (5000 uM) and adrenaline
(5000 uM); Ho and Esterman [10] used 3000 uM of
glutathione and no adrenaline; while in this paper
160 uM of glutathione and 45 uM of hydroquinone
were used.

We have confirmed the results of Wallach and
Daniels [4] concerning the inhibitory action of capric
acid on PG synthetase although its inhibitory potency
is somewhat weaker than that of lauric acid, which
in turn is reported by Wallach and Daniels[4] to
be inactive as the inhibitor of PG synthetase. Wallach
and Daniels [4] used a different enzyme preparation
{sheep seminal vesicle microsomes) and a low sub-
strate concentration (1 yM). Possibly this may explain
the differences between their results and ours,

In the investigated series of saturated fatty acids
lauric and myristic acids are among the most potent
ligands to albumin and at the same time both acids
are the most potent inhibitors of PG generation. An
increase (above C,,) or a decrease (below C,,) in the
length of the carbon chain of fatty acids impairs their
interaction with the enzymic and non-enzymic pro-
teins. This observation favours our previous supposi-
tion [7] that in homogenous series of the PG synthe-
tase inhibitors an increase in their potency to bind
to hydrophobic sites of albumin is usually paralleled
by increase of their inhibitory action on the enzymic
activity.

Partition coeflicients {(heptane/water} of saturated
fatty acids increase with their chain length [11]. It
has been reported that binding to proteins in a homo-
logous series of compounds increases when the apolar
part of their molecule is enlarged [12]. Recently how-
ever, Cunningham has found [13] that lauric acid is
more potent than palmitic acid in displacing trypto-
phan from albumin. It may be that the length of a
12-14 C chain in the saturated fatty acid molecule
is optimal for binding to the hydrophobic sites of
enzymic and non-enzymic proteins[9], but it also
may be that sodium salts of long-chain fatty acids
(> 14C) form micelles [14] in an aqueous medium
and so their interaction with protein is impaired.
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Table 3
Estimated K; for K; for
reaction-product K, indomethacin myristate
Malondialdehyde 4 x 107*M 7 x 107°M ~107*M
PGE, 8 x 107°M 36 x 1073M

Myristic acid is about 2500 times less potent than
indomethacin as an inhibitor of PG synthetase. Its
anti-enzymic potency is similar to that of lauryl sul-
phate  (IC5o = 250 uM) and  aspirin = (IG5 =
164 uM) [9]. Sodium laury! sulphate has anti-inflam-
matory action in vivo [15], but myristic acid has not
been tested as an antiphlogistic agent.

Flower er al.[6] have found that the inhibition
of PG synthetase by indomethacin is substrate depen-
dent, and Ku and Wasvary [16] reported that the K,
value for indomethacin is 6:5 x 10™° M. Our findings
indicate that indomethacin is a competitive inhibitor
of PG synthetase, provided that the substrate and the
inhibitor are added at the same time into the enzymic
preparation. Ho and Esterman[10], however,
reported that indomethacin is a noncompetitive in-
hibitor of PG synthetase. These authors used a low
substrate concentration (0-1-1-0 uM) and no cofactors
were added. We also found that when indomethacin
was preincubated with the enzyme, inhibition of enzy-
mic activity was not substrate-dependent. Possibly the
inhibition of PG synthetase activity by indomethacin
is similar to “active site-directed irreversible inhibi-
tion”, which has been described [17] for inhibition
of adenosine desaminase by adenine derivatives.

The mechanism of PG synthetase inhibition by
myristic acid is not clear, since the inhibition of the
enzyme occurs at high concentrations of myristic acid
and thus its inhibitory action may be unspecific.

The kinetic parameters calculated for malondialde-
hyde formation differ from those calculated for PGE,
formation by BSVM (Table 3).

The difference in K,, values confirms the observa-
tion of Flower et al. [6] that the kinetics of malondi-
aldehyde formation differs considerably from that
of PG formation. Indomethacin has lower K; value
for PGE, than for malondialdehyde formation.

We found it difficult to reproduce the intensity of
malondialdehyde formation from arachidonic acid by
BSVM from one experiment to another. This may
depend on some non-enzymic formation of malon-
dialdehyde simultaneously with the enzymic one. Dis-
crete changes in concentrations of metal ions, or
oxygen in solvents, may influence this reaction. There-
fore we cannot recommend this method as an alterna-
tive to the direct measurement of prostaglandins for-
mation.

Normal values for free fatty acids in human serum
are between 0-1 and [-O0mM [19] and about half of
that amount constitute saturated fatty acid [20].
Because of the binding to albumin, it is hardly poss-
ible that a free saturated fatty acid may reach a con-
centration in serum, which would be inhibitory for
PG synthetase in platelets, leucocytes or any other
blood cells, providing that PG synthetase in these
celis has a similar susceptibility to saturated fatty
acids as the BSVM enzyme. Recently it has been
reported that the ratio of PGE, precursor to PGE,
precursor (arachidonic acid to dihomo-gamma-lino-

lenic acid) in blood platelets may be a regulatory fac-
tor for the intravascular platelets aggregation and
thombosis [18]. One can speculate that a dramatic
rise in concentration of saturated fatty acids in serum
may influence this regulatory mechanism.

Concluding remarks

(1) Saturated fatty acids (C,,—C,4) at a con-
centration of 1072 M inhibit the activity of PG syn-
thetase to different degrees; the most potent inhibitors
are lauric and myristic acids. Caproic (Cg) and capry-
lic (Cg) acids are inactive in this respect.

(2) The order of potency to inhibit PG synthetase
by saturated fatty acids is the same as the order of
their affinity to hydrophobic sites of albumin.
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