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Splanchnic artery occlusion shock (SAO) 
is a severe form of cardiovascular shock in 
which ischemia of the splanchnic region is 
the primary pathophysiological phenome- 
non initiating the shock state. Humoral fac- 
tors appear to play a significant role in this 
form of shock as well as in others such as 
hemorrhagic, endotoxic, cardiogenic, and 
burn shock (1). Prostaglandins (PG's) as 
humoral factors have been shown to accu- 
mulate in the blood during hemorrhagic and 
endotoxic shock (2-7). The primary pur- 
poses of this investigation were to quanti- 
tate the arterial plasma concentrations of 
prostaglandin Fza and one of its metabolites 
15-keto-prostaglandin F,, ( 1 5-keto-PGF2J 
during SAO shock in the dog as evidence 
for a role of endogenous prostaglandins in 
circulatory shock. 

Methods. Adult male mongrel dogs (14 to 
18 kg) were anesthetized with sodium pento- 
barbital (30 mgkg, iv). No additional anes- 
thetic was administered. A patent airway 
was established with an endotracheal tube, 
but artificial ventilation was not employed. 
The right femoral artery and vein were ex- 
posed for catheterization, and catheters 
were positioned for the measurement of 
mean arterial blood pressure (MABP) and 
central venous pressure (CVP), respec- 
tively. Lead I11 of the electrocardiogram 
and vascular pressures were continuously 
recorded on a Grass Model 7 polygraph. A 
midline laparotomy was performed in all 
dogs and the celiac, superior mesenteric, 
and inferior mesenteric arteries were iso- 
lated. Splanchnic artery occlusion shock 
was produced in nine animals by total occlu- 
sion of the splanchnic vessels for a period 
of 2 hr after which time the clamps were 
removed and the animals were observed for 

This investigation was supported in part by Re- 
search Grant No. HL-17745 from the NIH. 

an additional 90 min. Seven animals com- 
prised a sham group and were treated in an 
identical manner to the SAO shock group 
except that the splanchnic vessels were not 
occluded. 

Arterial blood samples were drawn at 
specified times. Plasma obtained from 
these samples were used in the determina- 
tion of amino nitrogen (8) and protein (9) 
concentrations, cathepsin D activities (lo), 
and MDF activities (1 1). Additionally, 30- 
ml arterial blood samples for prostaglandin 
analysis were drawn into heparinized plas- 
tic syringes which contained 150 pg of indo- 
methacin to inhibit in vitro prostaglandin 
synthesis. Prostaglandins were extracted 
from arterial plasma into chloroform at pH 
4.0 to 4.5 by the method of Unger et al. 
(1 2). The extraction residues were chromat- 
ographed by thin layer chromatography 
(TLC), after which PGF,, and 15-keto- 
PGF,, bands were eluted with 100% 
ethanol. During the TLC procedure em- 
ployed, PGF2,, 15-keto-PGF2,, 13- 14-dihy- 
dro-PGF,,, and 15-keto, 13-14-dihydro- 
PGF,, migrated with Rf values sufficiently 
different for their separation. Aliquots of 
the PGF2, and 15-keto-PGF2, samples were 
evaporated to dryness under nitrogen and 
radioimmunoassayed. The anti-PGF,, anti- 
body used in this study was produced in 
rabbits and diluted 1:2250 in 0.154 M Tris 
buffer (pH 7.4) prior to use. Methods of 
antibody production, characterization stud- 
ies, and cross-reactivity data have previ- 
ously been published (13). The anti-PGF,, 
antibody cross-reacted to a sufficient de- 
gree with 15-keto-PGF2, to allow for the 
assay of this metabolite after its separation 
from PGF,,, 15-keto,-13,14,-dihydro- 
PGF,,, and l3,14-dihydro-PGF2, by TLC. 
Tracer amounts of [3H]PGAl (New England 
Nuclear) were added to each arterial 
plasma sample just prior to extraction. All 
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final prostaglandin concentrations were 
thus corrected for the percentage of PG 
recovery through the extraction, chroma- 
tography, and elution procedures. 

Results. The effects of SAO shock on 
mean arterial blood pressure, heart rate, 
plasma amino nitrogen, and plasma cathep- 
sin D activity are shown in Table I. The 
preocclusion MABP of the SAO group was 
not significantly different from that of the 
sham group. The MABP of the sham shock 
group remained relatively constant through- 
out the 210-min experimental period, in con- 
trast to the MABP of the SAO group which 
followed a biphasic pattern. At 60 min post- 
occlusion, the MABP of the SAO group 
increased, and was significantly higher than 
that of the sham group. The MABP of the 
SAO group returned to near control values 
at 120 min postocclusion, at which time the 
clamps were removed. Within 5 min of 
release, the MABP of the SAO group 
dropped precipitously to 45 mm Hg, and 
remained significantly depressed for the re- 
mainder of the experiment. The preocclu- 
sion heart rate of the sham group was 161 
beatdmin, which remained relatively con- 
stant for the entire experimental period. 
Prior to release, the heart rates of the SAO 

group were not significantly different from 
those of the sham group. However, within 5 
rnin of release, the heart rate of the SAO 
group decreased, and remained signifi- 
cantly lower than that of the sham SAO 
group during all but one postrelease sam- 
pling period. This bradycardia occurred at a 
low MABP, a situation in which a reflex 
tachycardia would have been expected. Fur- 
thermore, bilateral vagotomy in two SAO 
dogs did not block the decrease in heart 
rate observed after release of the clamps. 
The plasma amino nitrogen concentration 
remained stable in the sham group during 
the entire experimental period, whereas it 
significantly increased in the SAO group 
during the period of occlusion, decreased 
soon after release, and increased again 60- 
90 rnin after release. The activity of the 
lysosomal enzyme, cathepsin D, remained 
relatively constant in the sham SAO group 
during the experimental sampling period. In 
contrast, plasma cathepsin D activity in- 
creased dramatically from the preocclusion 
value in the SAO shock dogs. The five-min 
postrelease cathepsin D activity was ele- 
vated to about eight times the control 
value. This increase continued, and the fi- 
nal cathepsin D activity was 22 times 

TABLE 1. HEMODYNAMIC AND HUMORAL FACTORS DURING S.40 SHOCK." 

Plasma Cathepsin D 
MABP (mm amino-N (unitdmg pro- 

Group Time (min) N Hg) HR (b/min) (pmoles/ml) tei n) 

SAO shock -10 
0 (occlude) 

60 
120 (release) 
125 
140 
160 
I80 
210 

9 1 1 2 f  4 

145 + 6** 
123 f 6 
45 + 11** 
48 + lo*** 
44 t lo*** 
42 + lo*** 
39 f 9*** 

165 f 1 1  

157 f 10 
143 f I I  
120 f 6+ 
108 f IS+ 
127 f 10 
126 f 10* 
116 + 13+ 

3.7 f 0.5 8 2 2  

6.0 f 0.8+ 1 1  f 3 
7.0 f 1 . 1 +  32 f 8* 
8.0 f 1.5+ 62 + lo*** 
5.5 2 1 . 1  84 + 17*** 
5.7 f 1.4 1 0 9 f  16*** 
5.0 f 0.6* 139 f 23*** 
6.1 + 0.8* 178 f 33*** 

Sham shock -10 
0 (occlude) 

60 
120 (release) 
I25 
140 
I 60 
180 
210 

7 104 2 8  

7 107 + 7 
7 110 f 8 
7 109 + 10 
7 110 + 10 
7 I l l  + 10 
7 116 f 10 
7 113 2 8 

161 f 10 

187 + 15 
158 f 16 
156 + 15 
160 f 16 
161 f 17 
175 + 15 
168 f 18 

4.0 f 0.7 

3.5 f 0.7 
3.6 + 0.7 
3.5 ? 0.7 
4.0 f 0.8 
3.4 f 0.8 
2.6 f 0.5 
3.5 f 0.8 

6 f 2  

6 2 2  
6 2 1  
8 + 2  
9 + 2  
7 2 2  
7 2 3  

1 1  2 4  

All values are means 2 SEM. N = number of dogs studied. The - 10-min period is prior to occlusion of the 
celiac, superior mesenteric, and inferior mesenteric arteries. Cathepsin D units are expressed as mEq tyrosine 
released x IO-Vhour at 37". Significance of Student's unpaired t test is as follows: +, P C 0.05, compared with 
sham group at same time; *, P < 0.02; **, P < 0.01; *** P < 0.001. 
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greater than the preocclusion value. 
Arterial plasma concentrations (means k 

SEM) of prostaglandin F,, in the SAO 
group were determined to be 0.63 k0.23, 
0.90 & 0.22, and 0.93 2 0.26 ng/ml for the 
preocclusion, 60-min post-, and 120-min 
postocclusion periods, respectively. In the 
sham group, the preocclusion, 60-min post-, 
and 120-min postocclusion concentrations 
of PGF,, were 0.78 2 0.41,0.75 & 0.47, and 
0.89 2 0.50 ng/ml plasma. A considerable 
variation in basal circulating PGF,, concen- 
trations among dogs was encountered dur- 
ing this study, and although the arterial con- 
centrations of PGF2, increased in the SAO 
group after release of the clamps, no statisti- 
cally significant differences between the 
SAO and sham groups could be observed 
with absolute PG concentrations. How- 
ever, when the arterial PGF,, concentra- 
tions are expressed as a percentage of con- 
trol to normalize the data, significant find- 
ings were observed (Fig. 1). The presenta- 
tion of prostaglandin data on a percentage 
of control basis is justified in this situation. 
In animals having widely differing concen- 
tration ranges of PGF,,, an overlapping of 
ranges between animals negates analysis of 
the data in absolute terms. Normalizing the 
data on a percentage change basis allows 
proper assessment of changes occurring in 
the group as a whole. Recent evidence sug- 
gests that the observed effects of prostaglan- 
dins in an animal are the net result of PG 
interaction with other humoral and hor- 

210. C-.  Sham Shock - SAO Shock 

T .  

monal substances. Depending upon the pro- 
file of active substances present in an ani- 
mal at any one time, what might be a low 
concentration of PG in one animal might 
functionally be a high concentration in an- 
other. Therefore, the absolute concentra- 
tion of a prostaglandin in an animal may be 
misleading, and relative change thus be- 
comes the important parameter. The con- 
trol reference values in Fig. 1 represent the 
mean concentrations of PGF2, in each 
group during the preocclusion, 60-min post-, 
and 120-min postocclusion sampling pe- 
riods, since these values are within 10% of 
each other. In the sham group, postrelease 
values of PGF,, generally decreased below 
the control value during the sampling pe- 
riod. In contrast, the percentage of control 
values for PGF2, of the SAO group in- 
creased above the control value for the en- 
tire postrelease sampling period. SAO 
group values were significantly greater than 
those of the sham group at all times beyond 
5 min after release. Arterial concentrations 
of 15-keto-PGF2, were also measured in 
these plasma samples. The mean concentra- 
tions of 15-keto-PGF,, in the SAO group 
ranged between a control concentration of 
1.6 ng/ml and a shock period concentration 
of 4.8 ng/ml, with postrelease 15-keto- 
PGF2, concentrations significantly greater 
than those of the sham group (P < 0.05). In 
the sham group, the arterial concentration 
of 15-keto-PGF2, was between 1.0 and 1.4 
ng/ml over the entire experimental period. 

Figure 2 is a plot of mean arterial plasma 
concentration of PGF,, versus 15-keto- 

FIG. 1 .  Arterial PGF,, concentrations expressed 
as percentage of control. The control values for the 
SAO and sham groups reflect the combined mean 
values of the -lo-, 60-, and 120-min postocclusion 
periods in each group. All values are means * SEM. 
Significance of Student's unpaired t test is as follows: 
(+) = P < 0.05, (*) = P < 0.02, (**) = P < 0.01 
compared with sham group at same time. 

0 5  1 0  1 5  20 

PGF2p I ng I -11 

FIG. 2. Correlation between arterial PGF,, and ar- 
terial 15-keto-PGF2,. Linear regression of mean con- 
centrations of PGF,, and 15-keto-PGF2, measured at 
each sampling period. Sham group, Y = (1.42) (x) + 
(0.26),r = 0.89. SAOgroups, Y = (3.27)(x) + (-1.14), 
r = 0.96. 
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PGF,, at each sampling period. Two dis- 
tinct linear regression lines can be calcu- 
lated. The line best fitting the sham group 
data can be described by the equation Y = 
(1.42) (x) + 0.26, r = 0.89. The line best 
fitting the SAO group data is described by 
the equation Y = (3.72) (x) + (1.14), r = 
0.96. 

At 90 min after release, 60-ml blood sam- 
ples were collected for MDF determina- 
tions. Within the sham group at this time, 
MDF activity was determined to be 16 2 
2.8 MDF units (n = 4). The MDF activity in 
the blood of SAO animals was determined 
to be 57 & 3.5 MDF units (n = 4), a value 
which is significantly greater than that of 
the sham group (P < 0.001). Six of nine 
SAO dogs survived the 210-min experimen- 
tal period whereas survival of the sham 
group dog was 100% during the same pe- 
riod. 

Discussion. Although circulating prosta- 
glandins have been shown to increase dur- 
ing a variety of types of shock, the role of 
prostaglandins in circulatory shock is not 
well defined. Prostaglandin concentrations 
increase in arterial plasma during hemor- 
rhagic or endotoxic shock (3-6) and in ve- 
nous plasma during hemorrhagic or endo- 
toxic shock (2,7). The present data demon- 
strate an increase in circulating prostaglan- 
din concentrations in splanchnic artery oc- 
clusion shock. One common feature of hem- 
orrhagic, endotoxic, and SAO shock is that 
mesenteric artery flow is compromised 
very early in the course of the shock state 
(1, 14). In the present study, release of 
clamps occluding the mesenteric vessels re- 
sulted in a dramatic fall in the MABP which 
could not be completely explained by loss 
of circulating blood volume into the splanch- 
nic region. This fall in MABP plus the ob- 
served decrease in heart rate of the SAO 
dogs even after bilateral vagotomy , 
strongly suggest humoral factors being 
washed from the ischemic splanchnic re- 
gion by the reestablishment of blood flow. 
The elevated plasma amino nitrogen concen- 
trations and cathepsin D activities in SAO 
shock strongly support the concept of prote- 
olysis and lysosomal breakdown in the is- 
chemic splanchnic region. Early increases 
in these substances during the occlusive 
stage of SAO shock probably represent 

transport of these materials from the 
splanchnic region into the general circula- 
tion via lymphatic channels (15). 

Arterial concentrations of PGF,, in- 
creased 4oo/o in the postrelease period in 
SAO shock dogs. Flynn et al. (6) reported a 
twofold increase in the amount of PGF,, 
circulating in arterial plasma during hemor- 
rhagic shock in the dog. This difference 
may be attributable to (a) a more general- 
ized systemic ischemia during hemorrhagic 
shock versus a regional ischemia during 
SAO shock, and (b) a difference in the man- 
ner in which prostaglandins are metabo- 
lized or cleared from the circulation in the 
two forms of shock. Arterial PGF,, concen- 
trations decrease with time in the sham 
SAO dogs except for the 210-min value. 
The exact mechanism of this general de- 
crease in PGF,, concentration in the sham 
SAO group with time is unknown. The rela- 
tively constant PGF,, concentration seen 
during the preocclusion and the W m i n  and 
120-min postocclusion periods suggests 
that the observed decrease in the PGF,, 
concentration of the sham SAO animals 
may have resulted from hemodilution due 
to frequent blood sampling " postrelease" 
and replacement of the samples with equal 
volumes of 0.9% NaCl. 

Although we observed an increase in the 
circulating concentration of PGF,, during 
SAO shock, this finding does not indicate 
whether the increased concentration is due 
to increased synthesis and release of PGF,, 
during SAO shock or to diminished metabo- 
lism of this prostaglandin. Simultaneous 
measurements of 15-keto- and PGF,,in arte- 
rial blood provide a partial answer. In the 
sham group, the arterial concentration of 
15-keto-PGF2, remained relatively constant 
during the experimental period in contrast 
to the SAO shock groups in which the arte- 
rial concentration of 15-keto-PGF2, in- 
creased significantly after release. This sug- 
gests that PGF,, was being synthesized and 
released in the SAO animals and was being 
converted into 1 5-keto-PGF2, by 15-hydroxy- 
prostaglandin dehydrogenase (PGDH). This 
is confirmed by the linear regression plots of 
the mean PGF, versus 15-keto-PGF2, con- 
centrations. In the sham SAO animals, a 
slope of 1.42 and a correlation coefficient of 
0.89 suggest that PGFza is efficiently con- 
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verted to 15-keto-PGF2, and that the circulat- 
ing 15-keto-PGF2, is being rapidly removed 
from the general circulation. The slope of 
3.72 and a correlation coefficient of 0.96 for 
the SAO group regression line again suggest 
an efficient metabolism of PGF* to 15-keto- 
PGF2,. However, since 15-keto-PGF2, is a 
dependent variable of PGF,, in a 1:l rela- 
tionship, the observed increase in slope from 
1.42 to 3.72 suggests that 15-keto-PGF2, has 
a longer circulating half-time in SAO shock 
dogs than in sham dogs. Whether this repre- 
sents an altered ability of the kidneys or 
other tissues to remove 1 5-keto-PGF,, from 
the circulation remains to be determined. 
Although PGDH activity does not appear to 
be decreased during SAO shock, Nakano 
and Prancan (16) have reported a decreased 
activity of PGDH during endotoxin shock in 
the rat. Thus, PGDH efficiency is not uni- 
versally impaired during circulatory shock, 
although the clearance of prostaglandins and 
their metabolites from the circulation may 
be reduced in shock. 

Summary. Arterial plasma concentra- 
tions of PGF,, and 15-keto-PGF2, were de- 
termined in sham shock and splanchnic ar- 
tery occlusion shock dogs. Arterial PGF,, 
concentrations (expressed as percentage of 
control) increased significantly in the SAO 
group when compared to the sham group 
during postrelease sampling periods. Simi- 
larly, 15-keto-PGF2,, a major metabolite of 
PGF,, also increased significantly in arte- 
rial blood in SAO shock. Comparison of 15- 
keto-PGF,, and PGF,, at each sampling pe- 
riod suggest that the efficiency of 15-hy- 
droxyprostaglandin dehydrogenase is not 
impaired during SAO shock in the dog. 
However, the ability of the kidney and 
other organs to remove l5-keto-PGF2, from 
the circulation during SAO shock does ap- 
pear to be significantly reduced. 

Although the changes in circulating con- 
centrations of PGF,, are significant, the 
role of the increased prostaglandin is not 
clearly understood. We found no basis for 

any toxic effect of the PGF,, nor of any 
beneficial action. Others, however, have 
found exogenous PGF,, to improve sur- 
vival in circulatory shock (17). 
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