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that either the increase in liver iron values 
was caused by changes in xanthine oxidase or 
that both the changes in liver iron and xan- 
thine oxidase activity were an expression of 
some other unidentified cause. In addition. 
statistical analysis indicated that the changes 
in xanthine oxidase could not have accounted 
for all the variation in liver iron values, and 
cast doubt on the hypothesis of a causal re- 
lationship between xanthine oxidase activity 
and iron deposition in liver in v i m .  

To avoid the many effects of ethionine and 
still produce a lowering of xanthine oxidase 
activity, the present experiments were set up 
utilizing sodium tungstate(7) as a means of 
depressing xanthine oxidase activity. Under 
these circumstances there was a definite de- 
crease in xanthine oxidase activity but no 
histologic changes in the animals. Neither 
was there any difference in weight gain. When 
total carcass iron values were compared, the 
animals with low liver xanthine oxidase ac- 
tivity had the same amount of iron in the 
body as the pair fed control animals without 
the lowered xanthine oxidase activity. This 
indicated that there was no difference in ab- 
sorption of iron in both groups. Seither was 
there any alteration in storage of iron in the 
liver (Table I). In addition, there was no 
lowering of hemoglobin values in the experi- 
mental animals! indicating that they did not 
suffer from anemia as a result of possible de- 
crease in release of body storage iron. It 

was concluded from these stud3ies that the 
lowering of liver xanthine oxidase activity did 
not affect iron deposition in the liver or iron 
absorption. Recently Strohmeyer, et al. (8) 
utilizing a different approach failed to dem- 
onstrate a relationship between liver xanthine 
oxidase activity and iron metabolism. I t  
would seem !from our study that whatever 
role the liver xanthine oxidase may play in 
iron metabolism it has no d i rx t  effect on liver 
iron storage or on iron absorption. 

Summary. Sodium tungstate was added to 
the diet to decrease liver xanthine oxidase ac- 
tivity. There were no concomitant changes 
in liver iron or iron absorption associated 
with the decrease in xanthine oxidase activity. 
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Previous reports have described changes 
in total peripheral resistance during irrevers- 
ible hypotension following injection of endo- 

toxin( 1-5). Results, however, have differed 
and the question of resistance changes in en- 
dotoxin shock is not settled. Two general 
procedures have been previously employed 
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sure and cardiac output in intact animals ad- 
ministered endotoxin ( 1-3). These pro- 
cedures are considered inadequate for several 
reasons: in the first instance, maintenance of 
a constant cardiac inflow during the pst- 
endotoxin period may prevent significant d- 
terations in resistance m i a t e d  with neuro- 
humoral or physical changes precipitated by 
severe hypotension (6-10). In the second in- 
stance a major difficulty arises in interpreta- 
tion of resistance changes because of the ten? 
dency for resistance to increase as flow and 
distending pressure decrease( 6,7). Since 
calculated total systemic resistance has been 
found to be more uniformly related to flow 
than to pressure(7), the present study was 
devised to cantrol the parameter of flow 
(cardiac output). This study is considered 
important insofar as it provides a possible ex- 
planation for the development of irreversible 
shock. 

Materials and methods. Sltudies were per- 
formed on 16 adult dogs weighing between 
7.0 and 12.3 kg, anesthetized with sodium 
pentobarbital, 30 mg/kg. Animals were re- 
spired with room air provided by a constant 
pressure respirator. Aortic pressure was 
measured through a catheter inserted into the 
femoral artery connected to a Statham strain 
gauge and registered on a Sanbrn  direct 
writing recorder. A reservoir system was in- 
terposed between the central ends of the 
great veins (azygous vein ligated) and the 
right atrium, thus allowing direct measure- 
ment of the venous return. The system was 
primed with homologous heparinized blood. 
A sigmamotor pump returned the blood from 
the external reservoir to the righ,t atrium. This 
procedure has been previously reported (3 ,4) .  
Foillowing cannulation af the right atrium 
and great veins the atrial inflow rate was re- 
peatedly adjusted by altering the sigmamotor 
pump speed to maintain the venous reservoir 
at a constant valume. Within 30 minutes 
equilibrium was established and a 20 minute 
control period was begun. Flaws during this 
period averaged 77 cc/min/kg body weight 
(range, 66-88). Cardiac inflow is assumed 
to equal cardiac output, under the conditions 
of these experiments (3,4) . Venous return 
was periodically measured with cylinder and 

stop watch and a control period of constant 
flow was established ,for each preparation. 
Animals wme divided into 3 groups: the first 
group consisted of 5 control animals in which 
the right atrial inflow exactly matched the 
venous return. The second group was cam- 
p e d  of 6 dogs given a lethal dose of E .  coli 
endoltoxin$ (0.55 mg/kg). In  these dogs, rn 
in the first group, the sigmamotor pump 
sped was varied so that venous return and 
cardiac inflow were equal. In a third series of 
5 dogs endotoxin was not administered but 
the right atrial inflows were adjusted to a p  
proximate the average flows of the experi- 
mental group administered endotoxin. All 
experiments were terminated at 75 minutes 
beyond the control period due to development 
of excessive bleeding lfrom cut surfaces, which 
interfered with the accuracy of the meas- 
urements. 

Results. Fig. 1 illustrates the results from 
5 dogs serving as controls and not adminis? 
t e r d  endotoxin. There was no change in to- 
tal peripheral resistance during the perfusion 
period although there was a gradual fall in 
both cardiac inflow and mean systemic ax- 
terial pressure. The results from this series 
served to evaluate the experimental proce- 
dulre . 

Fig. 2 provides mean values for 6 animals 
given endotoxin. Resistance remained fairly 
constant during the 35 minute period after 
endotoxin. Beyond this time there was a 
steady fall in resistance. Pressure and flow 
fell steadily until about 10 minutes after en- 
dotoxin, then rose to maximal values a t  
about 25 minutes. Following this there was 
a steady drop in pressure with the cardiac in- 
flow remaining relatively constant. 

Fig. 3 gives results from 5 dogs not admin- 
istered endotoxin, but having cardiac inflows 
matched with the mean flows of animals re- 
ceiving endotoxin. Resistance rose following 
the initial reduction in flow and remained ele- 
vated until termination of the experiments. 
The drop in pressure after 25 minutes was 
more gradual than that shown in Fig, 2 which 
accounts for the differences in resistance be- 
tween the latter 2 groups. 

$ Difco endotoxin. 
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FIG. 1. Control experiments, showing c h i ~ l l ~ ~ s  in total peripheral resistance, cardiac inflow 
and mean systemic arterial blood presswc in 5 perfused dogs. 

FIG. 2. Changes in total peripheral rcsistniice, cardiac inflow and mean systemic arterial 
blood pressure in 6 perfused dogs ndminist ercd Ivtlial doses: of endotoxin. 

FIG. 3. Changes in total peripheral r&st:iiIw, cnrdiac iiiljow and mean systemic arterial 
blood pressure in perfused dogs with artificially wdnced cardiac inflows but not receiving endo- 
toxin (see test) .  

Disciusion. Evaluctioiz of experimental 
technic. The procedure described appears to 
be useful in application to the general prob- 
lem of total peripheral resistance changes in 
shock. The attempt was made (Fig. 3 )  to 
control the flow component of resistance( 6,7)  
in order better to interpret the resistance 
changes at  low cardiac inflows in animals ad- 
ministered endotoxin. Advantages of the 
procedure are the relative simplicity of the 
operative and perfusion technics and the con- 
venient determinations of both flow and re- 
sistance. Evaluation of results. Findings 
show that the initial fall in blood pressure in 
dogs administered endotoxin is primarily due 
to a decrease in venous return. This is con- 
sistent with data obtained from constant 
cardiac inflow experiments (3 ) .  Following 
this period arterial pressure rises to a maxi- 
mum at about 25 minutes, which is assumed 
to represent the period of “compensation”, 
and appears to be brought about by an in- 
crease in venous return (Fig. 2 ) .  The data 
suggest that this maximal increase in mean 
systemic arterial pressure marks the onset of 
the irreversible phase of endotoxin shock, 
characterized by a progressive fall in total 
peripheral resistance and a steady decline in 
arterial pressure (Fig. 2 ) .  It has been re- 
ported (6,7) that resistance tends to increase 
as flow and distending pressure decrease, and 

on this basis one would expect that the resis- 
tance would rise in the later phase of endo- 
toxin shock. That this did occur in animals 
not given endotoxin but whose cardiac in- 
flows were a.rtificially diminished (Fig. 3 )  in- 
dicates that the decline in peripheral resis- 
tance in animals in endoltoxin shock assumes 
a more prominent role. It is apparent from 
this study that the vascular response of the 
endotoxin animals is inadequate to support 
the systemic arterial pressure, and that a de- 
crease in vessel tone has occurred. Recent 
findings in this laboratory (8- 10) suggest that 
both neural and humoral factors may be re- 
sponsible for the fall in systemic resistance. 

A series of experiments has 
been carried out on dogs to determine total 
peripheral resistance changes in endotoxin 
shock. Animals were perfused with homolo- 
gous heparinized blood at controlled and 
measured cardiac inflows. Results suggest 
that the onset and course of irreversible shock 
are characterized by a progressive fall in to- 
tal peripheral resistance. The mechanism of 
the decline in resistance has been suggested 
by earlier studies from this laboratory. 

Summary. 

Appreciation is expressed to Margaret M. Jordan 
for technical assistance. 
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Recent studies have shown that changes 
in the intestinal tract are largely responsible 
for the irreversible course of the syndrome 
initiated by hemorrhagic, traumatic, and sep- 
tic shock. Fine et aZ.( 1,2) and Lillehei(3) 
have provided evidence indicating that the 
primary factor in this regard in the rabbit 
and dog is the systemic dissemination of bac- 
terial products derived from the intestinal 
flora. 

It appeared to us that the shock induced 
by temporary obstruction of the blood flow 
to the intestinal tract(3) would serve as an 
excellent test for this thesis. In  particular, 
the reported ability of antibiotics( 1,4) to af- 
ford protection by circumventing the usual 
intestinal bacteremia, required investigation 
in this type of shock. 

Experiments in the rat reported herein do 
not support the concept of a systemic bacte- 
rial endotoxemia in bowel occlusion shock, 
but point rather to local factors within the 
intestine proper as the decisive elements in 
the fatal course of the syndrome. 

Materials and methods. Two strains of 
rats, totaling 119 animals of both sexes, were 
used. These were German albino rats weigh- 
ing 105 to 205 g and NAMRU stock rats 
weighing 110 to 300 g .  In addition, 30 rats, 
which were excluded from the survival data, 
were u d  for observation of omental circu- 
lation, for measulrements of mean arterial 

blood pressure, and for bacterial cultures. All 
rats were anesthetized with sodium pento- 
barbital (3 mg/100 g body weight, i.m.). 

Shock was induced by temporary occlusion 
of the circulation to the intestinal tract. A 
midabdominal incision was made through the 
linea alba to minimize bleeding and the su- 
perior mesenteric artery was isolated. The 
artery was occluded with a wire serrafine 
clamp for 2 hours, and then released. The 
wound was closed and the rat returned to its 
cage. Aseptic precautions were taken 
throughuut. Only those animals which sur- 
vived the procedure are included in the data. 
Survival statistics are based on a 24-hour pe- 
riod of observation. Autopsies were per- 
formed routinely. 

In representative members of each group 
of experimental animals, the blood was he- 
parinized and mean arterial blood pressure 
was measured in the left carotid artery by 
a cannula leading to a conventional mercury 
manometer. Circulation of the omentum was 
also observed in these animals using Zwei- 
fach's visualization technic( 5). Bacterial 
cultures (aerobic and anaerobic) were made 
on liver, spleen, intestine, and cardiac b l d  
on selected animals (Table 11). 

Three series af experiments were con- 
ducted. In  the first series, 6 groups of rats 
( 7 7  animals) were given antibiotics. Five 
different antibiotics were employed, to pro- 




