Short communications

807

Biochemical Pharmacology, Vol. 27, pp. 807-808. Pergamon Press, 1978. Printed in Great Britain.

Depression of prostaglandin synthetase activity in kidney
medulla by Shigella endotoxin injected intravenously

(Received 17 June 1977; accepted 1 September 1977)

Prostaglandin synthetase activity in ocular tissues increases
in experimental ocular inflammation produced by intravi-
treal injection of Shigella endotoxin [1,2]. Similar alter-
ation of the enzyme activity in ocular tissues was also
observed during immune-complex reactions [3]. These
findings are contrary to the well established facts that lipo-
polysaccharides inhibit various enzyme systems including
those involved in carbohydrate metabolism [4, 5] and tryp-
tophan oxygenase and tyrosine o-ketoglutarate transamin-
ase [6,7]. The inhibitory effect of endotoxin on enzyme
activity is probably due to the cell damage caused by aci-
dosis, reduced mitochondrial respiration and breakdown
of homoestasis in response to bacteral lipopolysaccharides
[8] and recently, inhibition of hepatic microsomal drug
metabolising enzymes in endotoxin injected rats has been
reported [9]. The purpose of the present study was to
examine the effect of intravenously administered Shigella
endotoxin on kidney microsomal prostaglandin (PG) syn-
thetase activity.

Four groups of adult albino rabbits weighing between
2.5-3.5kg, each group consisting of three animals, were
used, one group serving as a control received saline, the
second and third group were injected with 10 ug/kg and
the fourth group with 50 ug/kg Shigella endotoxin dis-
solved in saline. Four and 24 hr later the animals were
killed with sodium pentobarbitone (60-70 mg/kg). One kid-
ney from cach animal and iris-ciliary processes were dis-
sected out. One gramme of kidney medulla was chopped,
washed and homogenised in 8 ml of phosphate buffer pH
7.5 at 4° and microsomes were prepared as described pre-
viously [1]. Microsomal suspension equal to 250-300 ug
of protein [10] were incubated in 1 ml of phosphate buffer
containing 1 mM adrenaline bitartrate, 1 mM glutathione
and arachidonic acid at concentrations ranging from 1.03
to 33 uM for 15 min at 37° in a shaking water bath (Uni-
temp, Baird and Tatlock Ltd), frequency of shakings being
172/min. At each substrate concentration microsomal frac-
tion from each kidney medulla in duplicate was incubated.
At the end of the incubation the reaction was terminated
by adding absolute alcohol. Intact iris-ciliary processes
were incubated in 1 ml phosphate buffer for 30 min at 37°
without added substrate and cofactors. Basal levels of
prostaglandin were determined in iris ciliary processes and
aliquots of microsomal suspension prior to incubation.
Also substrate and enzyme blanks were included in each
set of samples. Prostaglandin values yielded by these
blanks were subtracted from the total PGs synthesized by
each sample of microsomes. Prostaglandins were extracted
[11] and assayed in terms of authentic PGE, using rat
fundus strip [12] suspended in 10ml of Krebs solution
at 37° containing antagonists [13] and gasses with 5% CO,
in O,. Prostaglandins were tentatively identified by thin
layer chromatography [14]. As expected more than 80 per
cent of PG-like substances formed were of E-type as deter-
mined by assaying zones corresponding with authentic
PGs.

The results are presented graphically as the velocity of
reaction as a function of the substrate concentration and
also as Lineweaver-Burk plots. Data obtained with micro-
somes from kidneys 4 hr after 10 ug/kg Shigella endotoxin
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Fig. 1. The effect of intravenous injection of Shigella endo-
toxin on the kinetics of prostaglandin synthetase in kidney
microsomes. (a) Velocity of reactions (ordinate) against
arachidonic acid concentrations (abscissa). (b) Lineweaver—
Burk plot relating arachidonic acid concentration and
velocity. Abscissa, reciprocal of arachidonic acid concen-
tration in 107°M; Ordinate, reciprocal of velocity
expressed as nmoles of PGs/mg of protein/15 min. Normal
microsomes O——0 K, =105 x 107°M; Vi, = 13.0
nmoles/mg of protein/15 min. Microsomes, 4hr after
50 ug/Kg Shigella endotoxin @—@ K, = 10.0 x 10~°M;
V,.ax = 11.0 nmoles/mg of protein/15 min. Microsomes, 24 hr
after 10 ug/Kg Shigella endotoxin: A—A K, = 100;
Vmax = 8.3 nmoles/mg of protein/15 min.
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are not shown since they do not differ from those of nor-
mal microsomes. It can be seen from Fig. 1a that PG syn-
thetase activity in kidney microsomes prepared from ani-
mals injected with endotoxin is significantly depressed, the
depression being greatest at 24 hr. At an arachidonic acid
concentration of 16.5 uM (5 ug/ml), PGs synthesized with
microsomes 4 and 24 hr . after endotoxin were 5.8 + 0.28
and 4.52 1+ 0.14 nmoles (Mean + S.E.M.) per mg of protein
per 15min compared with 9.0 + 0.35 nmoles (Mean +
S.E.M.) produced by normal microsomes. This inhibitory
effect is more pronounced at higher substrate concen-
trations. For example, PGs produced by microsomes 4 hr
after endotoxin at a substrate concentration of 8.25 uM
was 80 per cent of the control compared with 96 per cent
at the substrate concentration of 1.03 uM. Apparent K,
values of PG synthetase from normal and endotoxin in-
jected kidneys for arachidonic acid calculated from Line-
weaver—Burk plots (Fig. 1b) do not show any significant
difference, but the effect of endotoxin on relative V.., was
very marked. Prostaglandin-like substances produced
(3.75 + 0.65 ug) by iris-ciliary processes from endotoxin in-
jected rabbits do not differ significantly from those
(4.50 £ 0.75 ug) formed by normal tissues (P > 0.2 by Stu-
dent’s ‘" test).

It is obvious from the results that Shigella endotoxin
administered intravenously suppressed the PG synthetase
activity in the kidney medulla. The precise mechanism by
which Shigella endotoxin exerts an inhibitory effect on this
and other enzyme systems is yet to be elucidated. The fact
that endotoxin added directly to tissue homogenates does
not alter the enzyme activity [15] and does not form a
complex with the enzyme [16] because of its large particle
size rules out the possibility of a direct effect. Inhibition
of de novo synthesis of protein does not seem to be the
cause of decrease in the enzyme activity since it has been
shown [17] that cycloheximide while inhibiting protein
synthesis did not affect prostaglandin synthetase activity.
Probably the metabolic changes in vivo such as increased
glycolysis [18], enhanced formation of lactic acid and sub-
sequent acidosis [19], decreased mitochondrial respiration
[20] and breakdown of homeostasis [21] following endo-
toxin shock cause widespread cellular damage. Inhibition
of PG synthetase activity in the kidney may be the conse-
quence of such damage.

In contrast to the above findings, we previously reported
[2] that injection of Shigella endotoxin into the vitreous
body of the rabbit eye stimulates PG synthetase activity
by several folds in the iris-ciliary processes. Since both the
microsomal preparation and whole tissue homogenates
produced a greater amount of PGs from exogenous and
endogenous substrate respectively, we concluded that in
ocular inflammation the release of PGs is due to the stimu-
lation of the enzyme and increased availability of sub-
strates. In the present study, PG synthesis in the iris-ciliary
processes obtained from rabbits injected with Shigella
endotoxin intravenously remained unchanged. The failure
of PG synthetase activity of iris-ciliary processes to de-
crease in parallel with that in the kidney may be due to
the inadequate amount of endotoxin reaching the ocular
tissues from circulation, which does not cause severe cellu-
lar damage. However, a comparison of effects of endotoxin
administered intravenously and by local routes is probably
not justified since intraocular administration involves in-
jection into avascular vitreous body and probably factors
operating in response to endotoxin administered by two
different routes are not similar. Furthermore, metabolic re-
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sponses evoked by intravenously injected endotoxin are
not expected to operate following local injection and even
if it does, may not be very intense.

Whatever the mechanism of inhibition of PG synthetase
activity is, it seems certain that the affinity of the enzyme
for the substrate has not altered as indicated by almost
identical K,, values of PG synthetase systems of normal
and endotoxin injected kidney medulla. Since the relative
Vax Of the endotoxin injected kidney microsomes is sub-
stantially lower than the normal values it is most likely
that the reduced enzyme activity observed is due to the
decreased rate of breakdown of the enzyme-substrate
complex.
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