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Abstract;-The production of prostaglandins E, and Ff. by isolated perfused cat livers was quantitated 
during separate simulated shock conditions (i.e. ischemia, acidosis and hypoxia). Control livers showed 
little change in perfusate prostaglandin concentrations over a 150-min perfusion period. Neither ische- 
mia nor acidosis produced significant increases in prostaglandin concentrations in the perfusate after 
150 min of perfusion. Hypoxia resulted in a 4.5-fold increase in PGE2 and a 3.5-fold increase in PGF2, 
concentrations during this same period. Lactic acid dehydrogenase and cathepsin D activities were 
also elevated in the perfusate during hypoxia. Addition of methylprednisolone (lo- 3 M) to the perfusate 
significantly retarded the release of PGE2, PGF2, and cathepsin D into the perfusate during severe 
hypoxia, without significantly altering the increase in lactic acid dehydrogenase activity. The action 
of methylprednisolone on prostaglandin and lysosomal enzyme release in hypoxic livers may be the 
result of a membrane-stabilizing action of the glucocorticoid. One proposed mechanism for the inhibi- 
tion by glucocorticdids of the increased prostaglandin production during hypoxia is that endogenous 
arachidonic acid is stabilized within the cell membrane phospholipids. Thus, less substrate is available 
for utilization by the prostaglandin synthetase system. 

Several investigators have demonstrated increased cir- 
culating concentrations of prostaglandins during a 
variety of forms of circulatory shock. These include 
hemorrhagic [l-3], splanchnic artery occlusion [4], 
and endotoxic [5-7) shock. Although it has been sug- 
gested that the increased circulating prostaglandin 
concentrations may have resulted from an increase 
in the rate of synthesis and release of these fatty acids 
from various organs such as the kidney [3,6, S-lo], 
the lung [ll, 123 or the splanchnic region [4], the 
precise stimuli for prostaglandin synthesis and release 
during the shock states have not been determined. 
Studies in intact animals do not permit a precise loca- 
lization of the source of prostaglandin production, 
since certain blood cells are a rich source of prosta- 
glandins. In contrast, isolated perfused organs can be 
more carefully controlled by removal of the organ 
from neural and endogenous humoral factors. More- 
over, interpretation of data is facilitated since indivi- 
dual parameters such as flow, PO2 and pH of the 
perfusate can be separately varied or controlled. Thus, 
the isolated perfused cat liver can be independently 
subjected to acidosis, ischemia or hypoxia. Under 
these conditions, hypoxia is the stimulus most detri- 
mental to liver integrity based upon increased perfu- 
sate activities of cytoplasmic and lysosomal enzymes, 
and depression of hepatic reticuloendothelial system 
(RES) function as indices of cellular damage 1131. 

The present study was designed to determine the 
concentrations of prostaglandins (PG) El and Fz. in 

* Supported in part by Research Grant HL-17688 from 
the National Institutes of Health. 

t Predoctoral Fellow. 
$ NIH Postdoctoral Fellow (HL-05017). 

the perfusate of isolated cat livers subjected to 
hypoxia, &hernia or acidosis in order to determine 
the effect of these stimuli on prostaglandin synthesis 
and release. Since glucocorticoids have been shown 
to prevent lysosomal enzyme release and to protect 
against the depression of reticuloendothelial function 
during severe hypoxia [ 141, it was of interest to deter- 
mine the effect of methylprednisolone on prosta- 
glandin production under control and hypoxic condi- 
tions. Additional experiments were conducted with 
liver homogenates in order to determine whether dis- 
rupted liver cells respond in a similar manner as in- 
tact cells to glucocorticoid. 

MATERIALS AND METHODS 

Animal preparation. Cats of either sex weighing 
between 2.5 and 3.5 kg and fed ad lib. were anesthe- 
tized with sodium pentobarbital (30 mg/kg, iv.). After 
intravenous administration of heparin (1000 units), a 
laparotomy was performed. The liver was isolated 
and excised within 2-3 min after cannula placement. 
The liver was placed in oxygenated Krebs-Henseleit 
(KH) solution held at 4” and transferred to the per- 
fusion apparatus as previously described [13]. 

Perfusion technique. Livers weighing between 70 
and 100 g were placed in a water-jacketed (37”) plexi- 
glass chamber. The livers were perfused through an 
inflow cannula placed in the portal vein. After a rapid 
washout of trapped red blood cells, an outflow catheter 
placed in the vena cava was connected to a lOO@ml 
perfusate reservoir for a lO-min equilibration period. 
The Krebs-Henseleit buffer contained the following 
ingredients expressed as m-moles/liter: KCl, 4.8; 
KH2P04, 1.2; MgSO,, 1.2; CaCl*, 2.5; NaHCO,, 
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12.5; NaCl, 118.4; glucose, 10; and N-2, hydroxyethyl 
piperazine-N’2 ethanesulfonic acid (HEPES), 25. The 
buffer also contained 5% dextran (40,OOOmol. wt, 
Rheomacrodex, Pharmacia). The osmolarity of the 
perfusate was 325 mOsM. The perfusate pH was 
maintained between 7.2 and 1.4 with 25 mM HEPES. 
Perfusate samples were collected from the outflow 
catheter at 0-, 60-, 90-, 120- and 150min sampling 
times for the determinations of hepatic flow, pH as 
well as lactic acid dehydrogenase (LDH), and cathep- 
sin D activities. Oxygen consumption was calculated 
from the difference in POs values of samples collected 
simultaneously at the inflow and outflow catheters 
at the 0-, 90- and 150-min sampling times multiplied 
by the flow rate according to a previously described 
procedure [13]. Inflow pressure to the liver was 
initially set at 25 cm HZ0 by adjustment of the 
perfusate inflow rate. A Ha&e constant temperature 
circulatory bath was used to maintain perfusate tem- 
perature at 37 + 0.2” within the perfusion system. 
A gas mixture of 95% O2 + 5% CO2 was bubbled 
through the perfusate to achieve a PO2 of 300- 
450mm Hg at the inflow cannula. Particulate matter 
was removed by an in-line lOOmesh nylon filter. 
Hypoxia was induced by gassing the perfusate with 
a mixture of 95% N2 + 5% CO1. This procedure 
resulted in a perfusate POs of 25-35 mm Hg. Acidosis 
was induced by titrating the HEPES-buffered per- 
fusate to pH 6.9 prior to perfusion. Ischemia was 
initiated by manually clamping the inflow tubing to 
reduce flow to 40 per cent of control. Methylpredniso- 
lone (MP) sodium succinate was added to some perfu- 
sates at a concentration of 400 /.&ml (lo- 3 M) just 
prior to the start of the experiment. In other experi- 
ments, the glucocorticoid vehicle, sodium succinate 
in benzyl alcohol, was added to the perfusate. 

In a separate set of perfusion experiments, arachi- 
donic acid (Sigma, 99 per cent pure)(l-5 &ml) was 
added at zero time to the perfusate. During the equi- 
libration period, 0.1 M NazC03 was added to the per- 
fusate as a vehicle control, In these experiments, the 
perfusate was not recirculated. In an additional ex- 
perimental group, the livers were treated with methyl- 
prednisolone (lo- 3 M) prior to and after administra- 
tion of arachidonic acid. Samples for prostaglandin 
and enzyme determinations were collected at 0, 2, 5 
and 10min. 

Analytical procedures. An International Labora- 
tories model 313 blood gas analyzer was used to 
determine perfusate POs in mm Hg. Samples were 
read immediately upon collection. Lactic acid de- 
hydrogenase activity was determined in perfusate 
samples spectrophotometrically at 340 nm using pyru- 
vate as substrate. Activities are expressed as changes 
in units of absorbance of NADH/min at 25”. Samples 
of perfusate were also assayed for cathepsin D activity 
according to the method of Anson [15] using bovine 
hemoglobin as substrate. Activities are expressed as 
m-equiv. of tyrosine x 10m4 produced/hr at 37”/ml 
of perfusate. 

Lioer large granule fraction preparation. Cat livers 
were rapidly excised and placed in 6 vol. of 
0.02 M Tris buffer (pH 7.3) containing 0.25 M sucrose 
at 4”. The livers were homogenized, and large granule 
fractions were obtained according to the method of 
Glenn and Lefer [16]. In one set of experiments, large 

granule fractions were preincubated for 5min at 37” 
with MP (lo-‘M) or its vehicle and followed with 
an incubation for 2min at 37” and a pH of 7.3 with 
either arachidonic acid (2 &ml) or its vehicle. The 
suspended fractions were subsequently assayed for 
prostaglandin Es and F,, by radioimmunoassay. 

Prostaglandin extraction and chromatography. Liver 
perfusate samples (10 ml) were collected in plastic cen- 
trifuge tubes containing 1OOpg indomethacin to in- 
hibit prostaglandin synthesis in vitro. These samples 
were cooled, centrifuged at 10,000 g for 10 min at 4”, 
and frozen at - 20”. Homogenate samples (3 ml) were 
also collected in plastic centrifuge tubes and frozen 
at -20”. Prostaglandins were extracted by a modifi- 
cation of the method of Unger et al. [17]. Ten-ml 
perfusate or 3-ml homogenate samples diluted with 
0.9% NaCl to a volume of lOm1, were mixed with 
10ml of 0.9% NaCl, 20ml of 95% ethanol, and a 
known amount of [‘H]PGAi which was added to 
assess the per cent of recovery. The mixtures were 
washed with petroleum ether, and the pH was 
adjusted to 4.5 with 5% formic acid. The prosta- 
glandins were partitioned twice into chloroform 
which was subsequently flash evaporated at 40”. The 
residues were dissolved in 70% ethanol, mixed with 
Fuller’s Earth, and centrifuged at 2000 g for 10 min. 
The prostaglandins were repartitioned to chloroform 
at pH 4.5, dried under nitrogen, and applied to silicic 
acid chromatography columns for the separation of 
A, E and F series prostaglandins according to the 
method of Jalfe et al. [18] using a modification of 
solvent ratios as previously described [19]. The entire 
PGA fraction was collected, evaporated to dryness, 
and counted in a liquid scintillation spectrometer for 
the calculation of per cent of recovery throughout 
the extraction and chromatography procedures. 

The PGE and PGF fractions were evaporated to 
dryness under 100% nitrogen and assayed by specific 
radioimmunoassay. 

PG radioimmunoassay. The dried PGE and PGF 
residues were dissolved in 1.0 ml of 95% ethanol. Ali- 
quots were transferred to assay tubes and evaporated 
to dryness under nitrogen. Both the PGFs. and PGEs 
assays were carried out in 0.06 M phosphate buffer 
(pH 7.3) containing 0.1% gelatin using a specific anti- 
body directed against PGFs,. PGE fractions were 
treated with sodium borohydride which reduced the 
E-type prostaglandins to F-type prostaglandins. After 
a 1 hr incubation period at room temperature, bound 
and free hapten were separated by adding dextran- 
coated charcoal followed by centrifugation at 15009 
for 10 min. Supernatants were decanted into vials, dis- 
solved in a suitable counting medium, and counted 
in a liquid scintillation spectrometer. After calcula- 
tions of dis./min, the average binding of C3H]prosta- 
glandin was determined for duplicate samples com- 
prising a standard curve and the unknown samples 
for each assay. Sample values were corrected for ali- 
quot volume and recovery, and the PGEz values are 
corrected for their 50 per cent conversion to PGF2, 
and PGF,#, the latter of which did not react with 
the anti-PGF,, antibody. Prostaglandin concen- 
trations are reported as ng prostaglandin/ml of perfu- 
sate or homogenate. Specific characteristics of the 
PGE2 and PGFI, radioimmunoassays have been de- 
scribed previously [ZO]. 
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Fig. 1. ~osta~~~n inundations in ~~usat~ of ex- 
perimental groups after 1Mmin of perfusion. The groups 
are: control (C), hypoxia (H), acidosis (A) and ischemia 
(I), The numbers in the bars represent the number of Iivers 
in each group. Standard errors of the means are repre- 

sented by the brackets above the bars, 

RESULTS 

The time courses of the release of PGEz and PGFza 
under control and hypoxic conditions are shown in 
Fig, 2. Although only slight changes are seen in the 
PGEz or PGF& concentrations of the control groups 
as a function of time, hypoxia results in a progressive 
increase in the prostaglandin ~n~ntrations of the 
perfusate, The 90-min concentrations of PGE2 and 
PGFzo were elevated but not significantly. The con- 
centrations of both prostaglandins were significantly 
elevated above control values at 150min. 

The isolated, perfused cat liver is a viable and 
stable model for the i~v~tigatioR of the effects of 
various ~~odyn~ic and metabolic alterations 
which simulate the shock state. The perfusion pres- 
sure of 25cm Hz0 resulted in a flow of 
95-105 ml/min which was m~nt~ned for the 
duration of the experiment. In ischemic livers, flow 
was set at 40 per cent of the control period value 
and held at that value for the entire 15Omin obser- 
vation period. No statistical differences in flow were 
seen between the control, hypoxic or acidotic livers 
at any time period. The rate of flow of the ischemic 
livers returned to within 10 per cent of the control 
period flow when the flow clamp was released at 
15Omin. 

Since hypoxia is a strong stimulus for endogenous 
prostaglandin synthesis and release by the perfused 
cat liver, the hypoxic liver is a suitable preparation 
in which to assess the action of methylpr~nisolon~ 
(lo- 3 M). As shown in Fig. 3, addition of methylpred- 
nisolone to the per&sate virtually abolished the pro- 
duction of PGE2 and also si~fic~tly attentuat~ 
the production of PGF, by the liver in response to 
hypoxia. Met~ylpre~isolone treatment did not sig- 
nifi~antly affect PGEz and PGFza perfusate con- 
centrations of livers under control conditions. The 
vehicle for methylprednisolone (i.e. sodium succinate 
in benzyl alcohol) had no effect on any of the vari- 
ables measured in this study. 

Total hepatic oxygen ~ns~ption averaged 
between 9.5 and 12.0 ml/mi~g x lo- 3. These values 
were consistent, and are in very good agreemeut with 
those previously described [13]. Although control 
and acidotic livers did not experience si~~ficaut alter- 
ations in O2 consumption, this function in ischemic 
livers decreased to 40-50 per cent of control, and 
hypoxic livers exhibits reductions in O2 consump 
tions of 90-95 per cent during the 150-min experimen- 
tal period. 

In an attempt to delineate the mechanism of action 
of the steroid in preventing prostaglandm accumu- 
lation in the per&sate in response to hypoxia, exo- 
genous arac~donic acid was added to the perfusate 
of control livers in the presence or absence of the 
gl~c~~i~id. This experimental design facilitated 
study of the action of the glu~~rticoid at the level 

TIME COURSE OF PO RELEASE IN WPOXIC LIVERS 
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The HEPES buffer in the perfusate maintained the 
pH between 7.15 and 7.35 in all groups except the 
acidotic group, and the pH in this non-buffet sys- 
tem was maintained at 6.9 for the entire I%min ex- 
plenty period. 

The circulating lactic acid dehy~ogena~ ac- 
tivities, a representative cytoplasmie enzyme, and 
cathepsin D, a lysosomal enzyme, did not signific~tly 
increase above initial values in the control, ischemic 
or acidotic groups of livers during the 150-min experi- 
mental period. In contrast, hypoxia increased LDH 
activity 15 times (i.e. about 450 vs 3~units/ml) by 
150min when compared to the control group. Cath- 
epsin D activity increased 3.9 times (from 1.8 to 
7.0units/ml) over the same time period in hypoxic 
preparations. 

a4 

TJME (min) 

Fig. 2. Concentrations of prostaglandins released into the 
perfusate at specific times from 0 to 150 min during control 
and hypoxic experiments. Tire number of experiments in 
each group are: control (6) and hypoxia (7). Brackets rep- 

Figure 1 illustrates the concentrations of prosta- resent standard errors of the mean. 

glandins I& and FzD in the perfusate at the end of 
the 150-min ~rfusion period in livers subj~~ inde 
pendently to the simulated shock conditions of 
hypoxia, ischemia and acidosis. Livers subjected to 
acidosis or ischemia did not d~o~trate any signifi- 
cant increase in PGE,, or PGF, concentrations at 
150 min when compared to control livers. In contrast, 
hypoxia resulted in a 4%fold increase in the PGEz 
concentration, and a 3.5-fold increase in the PGF2, 
~on~ntration at 150 min when compared to controls. 
In general, the PC& concentrations were approxi- 
mately twice those of PGF, during most experimen- 
tal ~nd~tions in the perfused cat liver. 
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Fig. 3. Effect of methylprednisolone (MP) in control (C) 
and hypoxic (H) experiments on prostaglandin titers after 
150min of perfusion. The numbers in the bars represent 
the number of livers. Standard errors of the means are 

represented by the brackets above the bars. 

of prostaglandin substrate availability. Figure 4 sum- 
marizes the effect of arachidonic acid administration 
on the capacity of perfused livers to produce and 
release prostaglandms Ez and FZa. In this non-recir- 
culated perfusion system, arachidonic acid (l-5 pg/ml) 
increased the PGE2 and PGFz,, concentrations within 
10 min from four to six times above the initial values. 
As in other experiments, prostaglandin Ez was formed 
and released to a greater degree than was prosta- 
glandin F2.. In contrast to the finding that methyl- 
prednisolone strongly inhibited the accumulation of 
prostaglandins in the perfusate of hypoxic livers, 
methylprednisolone had no significant effect on the 
synthesis and release of prostaglandins E2 and Ff. 
resulting from the addition of exogenous substrate for 
the prostaglandin synthetase system. 

The synthetic capacity of the prostaglandin synthe- 
tase system was directly assessed in a large granule 
fraction (LGF) of cat liver homogenates (Fig. 5). Incu- 
bation of 2min in either the presence or absence of 
arachidonic acid (2 pg/ml) resulted in similar increases 
in PGEz and PGF, concentrations. Thus, the homo- 
genization procedure appears to provide adequate 

Perfused Cat Livers 

Time (min) 

Fig. 4. Time course of PGEs and PGFs, release in control 
and methylprednisolone (MP)-treated groups after arachi- 
donic acid (1-5 &ml) was added to the perfusate at zero 
time. The number of experiments for the groups are: con- 
trol (5) and MP (7). Brackets represent standard errors 

of means. 
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Fig. 5. Prostaglandin concentrations in suspensions from 
a large granule fraction of liver after incubation at 37” 
with control (C) and methylprednisolone (MP)-treated 
groups. Arachidonic acid (AA) at 2pg/ml was given to 
stimulate increased synthesis of prostaglandins. The 
numbers in the bars represent the number of livers in each 
group. Standard errors of the means are represented by 

the brackets above the bars. 

substrate for the prostaglandin synthetase system. 
Pretreatment of the LGF with methylprednisolone at 
lo-‘M had no significant effect on the production 
of either PGEl or PGF2. in any of the groups. Under 
these same conditions, the non-steroidal anti-inflam- 
matory drug, sodium meclofenamate, at a concen- 
tration of 1 &ml, inhibited the synthesis of both 
PGE2 and PGF*, in the fractions (i.e. 8595 per cent 
below control values). Thus, glucocorticoids do not 
directly inhibit the prostaglandin synthetase system 
in cat liver. 

DISCUSSION 

Prostaglandins are present in many tissues and are 
synthetized and released during a variety of forms 
of circulatory shock. Several investigators [l-3] have 
described a 2 to 3-fold increase in arterial blood 
prostaglandins after hemorrhagic shock, and others 
[4-73 have shown similar increases during endotoxic 
and splanchnic ischemia shock. In addition, the kid- 
ney and splanchnic organs have been shown to 
release prostaglandins during stress states 
[3,4,6,8,9,21,22]. While the splanchnic area has 
been shown to be a good source of prostaglandins 
during shock [4], the ability of the liver to release 
prostaglandins during shock or shock-like conditions 
had not been previously studied. 

Hepatic ischemia produced no increase in circulat- 
ing prostaglandin concentrations in our experiments. 
Similarly, acidosis did not influence cellular integrity 
or increase prostaglandin concentrations in the perfu- 
sate during 150min of perfusion. In fact, prosta- 
glandin concentrations were slightly lower in acidotic 
preparations. Our experiments indicate that hypoxia, 
as it occurs in severe shock, significantly increases 
PGF2. and PGEz concentrations 3-5-fold in liver 
perfusates. These prostaglandin concentrations reflect 
the net effect of increased prostaglandin synthesis and 
release, modified by degradation. The elevation of 
prostaglandins in the perfusate in response to hypoxia 
occurred at a time when circulating LDH and cathep- 
sin D activities were also increasing. These latter sub- 
stances appear during severe hypoxia because cell 
membrane integrity and RES function are impaired 
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in this state [13,14]. Although we cannot definitively 
establish that the release of lysosomal enzymes in our 
preparation either directly or indirectly enhanced 
prostaglandin production, other investigators have 
presented data supporting this hypothesis [23]. 

During hypoxia, hepatic cells and subcellular 
organelles undergo a loss of integrity. In this connec- 
tion, glucoCorticoids have been reported to stabilize 
hepatic membranes [24]. Our experiments confirm a 
preservation of cellular integrity during glucocorti- 
coid administration in that methylprednisolone 
(lo-‘M) significantly inhibited the appearance of 
cathepsin D in the hepatic perfusate during 150min 
of severe hypoxia. Also, lower prostaglandin concen- 
trations were observed in the perfusates of hypoxic 
livers to which methylprednisolone was given. 

Recently, several investigators reported that gluco- 
corticoids inhibit prostaglandin release into the extra- 
cellular space. There are three stages in cellular 
prostaglandin production which may be influenced by 
glucocorticoids. These are: (a) the level of substrate 
availability, (b) the enzymatic conversion of arachi- 
donic acid into prostaglandins, and (c) the transport 
of prostaglandins from the intracellular into the extra- 
cellular fluid Floman et al. [25] showed both reduced 
synthesis and release of PG in inflamed rabbit syno- 
via and uvea after glucocorticoid administration. In 
some of these experiments, arachidonic acid adminis- 
tration was able to restore the prostaglandin concen- 
trations in the extracellular medium after inhibition 
by glucocorticoids. The exogenous arachidonic acid 
apparently provided the prostaglandin synthetase sys- 
tem with sufficient substrate to produce prosta- 
glandins. In contrast, experiments by Lewis and 
Piper [26] using rabbit adipose tissue suggest that 
transcellular prostaglandin transport is the step in 
which glucocorticoids affect prostaglandin release, 
since intracellular levels of PGEl are high after hyd- 
rocortisone treatment whereas PG concentrations 
were found to be relatively low in the perfusing 
medium. The data presented from our laboratory 
strongly support the hypothesis that endogenous ara- 
chidonic acid is less available to the intracellular 
prostaglandin synthetase system after administration 
of pharmacologic doses of glucocorticoid. 

We have demonstrated that glucocorticoids signifi- 
cantly inhibit prostaglandin production by perfused 
livers in response to hypoxia. The conditions of these 
experiments promoted the utilization of endogenously 
released arachidonic acid as substrate for the prosta- 
glandin synthetase system. These data do not exclude 
a glucocorticoid action on the enzymtitic conversion 
of arachidonic acid into prostaglandins or on the 
transport of prostaglandins out of cells. However, 
data gathered from large granule fractions of hom- 
ogenized livers demonstrate that methylprednisolone, 
even at high concentrations, has no effect on prosta- 
glandin synthesis in broken cell preparations. Under 
the conditions of this experiment, substrate avail- 
ability was not the rate-limiting step in prostaglandin 
synthesis. Moreover, this lack of inhibition of prosta- 
glandin synthetase by glucocorticoids is in close 
agreement with the results of others [27-301, and is 
in contrast to the effect of non-steroidal anti-inflam- 
matory agents on the prostaglandin synthetase system 
[31,32]. 

Bito and Baroody [33] have presented data which 
suggest that the removal of prostaglandins from the 
extracellular fluid of the brain is mediated by a satur- 
able, facilitated-transport process across the blood- 
brain barrier. If this transport process is common to 
all cells, glucocorticoids could act to prevent prosta- 
glandin release by inhibiting the transport of prosta- 
glandins across the cell surface. In this regard, gluco- 
corticoids have been shown to inhibit the transport 
of prostaglandins through adipose cell membranes 
[26,34]. Our results do not support this concept. Iso- 
lated cat livers perfused with a medium containing 
exogenous arachidonic acid produced significant 
quantities of prostaglandins, which were not inhibited 
by the administration of glucocorticoid. These find- 
ings are similar to those of Gryglewski et al. [35], 
Floman et al. [25] and Hong and Levine [36], all of 
whom demonstrated a reversal of the glucocorticoid 
inhibition of prostaglandin production by exogenous 
administration of arachidonic acid. Furthermore, 
Kantrowitz et al. [37] demonstrated a reduction of 
the PGE2 content of synovial tissue by dexametha- 
sone parallel to the decreased PGE2 concentration 
in the medium. 

Regarding the sequence of events of hepatic prosta- 
glandin release, hypoxia appears to result in a loss 
of cellular and lysosomal membrane integrity. As a 
result, phospholipase A, which is known to .cleave 
arachidonic acid from membrane phospholipids, may 
be released or activated. An alternate explanation 
might be that phospholipids lose their binding capa- 
city for arachidonic acid during hypoxia [38]. In 
either case, prostaglandin substrates are liberated 
from storage sites in membrane phospholipids, lead- 
ing to prostaglandin formation and release into the 
ECF. 

Glucocorticoids stabilize cellular and subcellular 
membranes, probably making arachidonic acid less 
available to the prostaglandin synthetase system. 
Although the exact mechanism of glucocorticoid inhi- 
bition of prostaglandin substrate availability is not 
known, there are three major possibilities: (1) direct 
stabilization of cellular membranes, (2) inhibition of 
phospholipase A activity or (3) prevention of phos- 
pholipase A from reaching its substrate. Phospho- 
lipase A activity in homogenates from shock pancreas 
is not affected by glucocorticoid treatment [39]. It 
thus appears that glucocorticoids reduce the avail- 
ability of substrate to the prostaglandin synthetase 
system by directly stabilizing cellular membranes or 
by attenuating the release of activated phospholipase 
A from its intracellular storage sites. 
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