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THE INHIBITION BY HYDROCORTISONE OF PROSTAGLANDIN
BIOSYNTHESIS IN RAT PERITONEAL LEUCOCYTES IS

CORRELATEDWITH INTRACELLULAR
MACROCORTIN LEVELS
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Hydrocortisone inhibits prostaglandin generation by rat
peritoneal leucocytes by releasing the polypeptide phos-
pholipase inhibitor, macrocortin. The susceptibility of
these cells to hydrocortisone is directly correlated with
their intracellular macrocortin content. Cells depleted of
the peptide by prior incubation with steroid cannot
respond to the steroid, until a fresh intracellular store
has been synthesized. In vitro, this process requires
4-5 h. Cells remain sensitive to the inhibitory action of
the peptide at all times.

Introduction Both aspirin-like drugs and glucocor-
ticoids inhibit prostaglandin synthesis by leucocytes
(Bray & Gordon, 1976). The former directly inhibit
the prostaglandin forming cyclo-oxygenase (Vane,
1971) but the glucocorticoids appear to work by
inhibiting the release by phospholipase A2 of sub-
strate fatty acids, since their effect is readily reversed
by the addition of exogenous arachidonate (Di Rosa
& Persico, 1979). We have recently demonstrated
that this phospholipase inhibition is caused by
polypeptide ('Macrocortin') selectively released
from leucocytes by steroids (Carnuccio, Di Rosa &
Persico, 1980; Blackwell, Carnuccio, Di Rosa,
Flower, Parente & Persico, 1980). This release pro-
cess requires a short induction period and may be
inhibited by RNA/protein synthesis inhibitors. The
same peptide seems to be responsible for the steroid-
induced inhibition of thromboxane A2 release from
perfused lungs (Blackwell et al., 1980) and a protein
with similar properties has been detected by other
workers in rabbit leucocytes (Hirata, Schiffman,
Venkatasubramanian, Salomon & Axelrod, 1980).
We now report that the ability of hydrocortisone to

block prostaglandin synthesis in leucocytes depends
absolutely upon the intracellular macrocortin con-
tent of the target leucocytes and present some data on
the temporal relationship between depletion and re-
synthesis of this peptide.
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Methods The basic experimental strategy was to
measure hydrocortisone-induced inhibition of pros-
taglandin production in leucocytes before, and at
various times after, the intracellular macrocortin
stores had been depleted (by a prior incubation with
hydrocortisone for 150 min). In separate experi-
ments the macrocortin content of these cells was
determined by measuring the arachidonate-
reversible inhibition of prostaglandin synthesis in
fresh leucocytes caused by cell extracts.

Resident peritoneal leucocytes (80% mononuc-
lear cells) collected from Wistar rats were used
throughout this study. The harvesting procedure has
been described earlier (Carnuccio etal., 1980).

Prostaglandin production was assessed by incubat-
ing cells at a density of 107/ml in Krebs bicarbonate
solution enriched with bovine serum albumin
(100 ig/ml) together with heat-killed bacteria (B.
pertussis, 800-1000 organisms/cell) for 2 h at 37°C
(Carnuccio et al., 1980). Prostaglandins were assessed
by bioassay on a superfused rat stomach strip, synthe-
tic prostaglandin E2 (PGE2, Upjohn) being used as a
reference standard. Hydrocortisone (sodium phos-
phate salt, final concentration 2 pM) or macrocortin
containing extracts (see below) were added to the
cells as required.
To estimate the intracellular macrocortin content

we first washed the cells, disrupted them by repeated
(x 4) freeze-thawing and then heated the extracts to
70°C for 5 min. This procedure does not inactivate
macrocortit but precipitates many other proteins and
also limits proteolysis. After heating, the extracts
were centrifuged for 1 h at 100,000 g and the super-
natants finally dialysed against 500 volumes of fresh
Krebs bicarbonate solution to remove residual
steroid and adjust the ionic balance. These solutions
were then assessed for inhibitory activity as de-
scribed.
When cells previously incubated with hydrocor-

tisone to deplete macrocortin stores, were tested for
their ability to generate prostaglandins in the pres-
ence of hydrocortisone, the polypeptide inhibitor was
first removed by washing the cells (3 x ,1 vol of fresh
Krebs solution). This procedure fully reverses the
effect of macrocortin.
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Results When incubated with heat-killed bacteria
alone, rat peritoneal leucocytes released 9.9 ± 0.6 ng
(n= 9) PGE2 equivalent /106 cells in 120 min. In the
presence of 2 pM hydrocortisone this was reduced by
43.0 ± 3% (n= 9). Macrocortin extracts from an
identical number of untreated cells reduced the pros-
taglandin production by 48.0 ± 5% (n = 5). Very lit-
tle inhibitory activity was found in extracts from cells
which had been previously incubated with hydrocor-
tisone for 150 min (3.0± 1%; n= 3), showing that
virtually all the macrocortin had been secreted by this
time.

Figure 1 shows the temporal relationship between
macrocortin content and sensitivity of the cells to the
steroid. After 150 min with hydrocortisone, the cells
had secreted virtually all their macrocortin, and when
the inhibitor was removed by washing and the cells
incubated again with heat killed bacteria, hydrocor-
tisone was no longer able to inhibit prostaglandin
generation. One hour later, there was a small in-
crease in macrocortin content of the cells and they
were slightly more sensitive to the steroid. After a
further 60 min had elapsed the intracellular levels
had again reached control values and the cells were
fully sensitive to hydrocortisone (41 ±6%; n= 8:
inhibition not significantly different from control).
To eliminate the possibility that the cells varied in

their sensitivity to macrocortin, preparations of the
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Figure 1 The temporal relationship between intracel-
lular macrocortin content (0), estimated by the inhibit-
ory action of cell extracts on prostaglandin synthesis,
and sensitivity of leucocyte prostaglandin production to
hydrocortisone 2Mm (0). Each point is theiof n experi-
ments; vertical lines show s.e.mean. After depletion of
macrocortin from the cells by 150 min incubation with
steroid, they were washed and their sensitivity to hyd-
rocortisone inhibition of prostaglandin synthesis and
intracellular macrocortin content assessed at different
times as described in the text. Ordinates represent %
inhibition of prostaglandin synthesis.

inhibitor from non-depleted cells were tested on the
cells at all time points. At 150 min, when the cells no
longer responded to hydrocortisone (< 5% inhibi-
tion, see Figure 1) macrocortin containing cell ex-
tracts were fully active (- 56% inhibition) as in-
hibitors of prostaglandin synthesis.

Discussion In previous studies we, and other work-
ers, have demonstrated that the acute inhibitory ef-
fect exerted by steroids on prostaglandin production
was not mediated by an action on the cyclo-
oxygenase but by an action on the enzymes which
supply the substrate arachidonate (Gryglewski,
Panczenco, Korbut, Grodzinska & Ocetkiewicz,
1975; Hong & Levine, 1976; Nijkamp, Flower,
Moncada & Vane, 1976; Danon & Assouline, 1978;
Blackwell, Flower, Nijkamp & Vane, 1978; Di Rosa
& Persico, 1979). This effect was not a direct action
of the steroids, but was mediated by a 'second mes-
senger' polypeptide released from the cells by the
hormone: an action which required a short induction
time and undisturbed protein/RNA synthesis for its
manifestation (Flower & Blackwell, 1979; Carnuccio
etal., 1980; Blackwell etal., 1980).

In this paper we show that the sensitivity of the rat
peritoneal leucocytes depends absolutely upon their
intracellular macrocortin content and that when in-
tracellular stores are depleted the cells are almost
refractory to the steroid. The observed lack of effect
of steroids following the macrocortin depletion can-
not be due to changes in sensitivity of the cells to the

@ peptide since, even when hydrocortisone is ineffec-
o tive macrocortin continues to be an effective in-

hibitor of prostaglandin generation. In vitro, under
, the conditions described in this paper, depletion
0

takes approximately 150min. In experiments de-
o scribed by us in a previous publication, the intracellu-
E lar content of macrocortin in vivowas depleted within

1 h of the injection of 1 mg/kg dexamethasone into
rats (Blackwell et al., 1980). Similarly, the re-
synthesis of macrocortin in vivo was complete after
2 h, but in vitro the re-synthesis takes approximately
4.5 h. We cannot say for certain whether the re-
synthesis is a steroid stimulated event or whether
there is an internal feedback system which initiates
re-synthesis of the peptide when intracellular levels
fall below a certain point.
We have pointed out (Blackwell et al., 1980) that

by preventing the action of the phospholipase A2,
steroids not only reduce the generation by leucocytes
of prostaglandins but of other pro-inflammatory
lipids such as the leucotrienes and other hydroxy-
acids and that this action may well contribute to the
enigmatic anti-inflammatory action of these potent
drugs. The finding that this anti-phospholipase action
of steroids is absolutely dependent upon intracellular
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macrocortin has some relevance to the understanding
of the mechanism of action and suggests that spon-
taneously arising (or drug-induced) defects in the

release mechanism could confer a resistance to the
therapeutic actions of steroids.
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