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A standardized tourniquet trauma, lethal to 
approximately 96% of male rzts, has bmn 
previously reported from this laboratory ( 1,2 ) . 
Various fluids in controlled amounts, infused 
into the traumatized animals over a period 
of several hours, resuscitated the animals 
from this hypovolemic shock. Of all of the 
infusion solutions used, Cohn Fraction I1 
(gamma globulins) of h u m  plasma, sus- 
pended in 3 saline-bicarbonate vehicle was 
the most effective. One possible explanation 
for the protective action of such infusions 
might be the reestablishment of i? coordinated, 
functional relation between pre- and post- 
capillary resistance, which Lillehei ( 3 )  and 
athers believe is disrupted during shock from 
various etiologies (4). 

Other invesbigators have indicated that hy- 
drolytic enzymes released froni lymmles  
during injurious processes may also be in- 
volved in the development of shock(5,6). 
Sambhi et aZ( 7 )  and Weissmann ‘and Thomas 
(8) have published studies in which corti- 
costeroids were used to “stabilize” the lyso- 
soma1 mernbralle, thereby preventing or de- 
creasing the release of contained enzymes. 
Weissmann and Thomas(8) tested the pro- 
tective effect of corticosteroids by giving 
varying doses of prednisolme to animals in 
endotoxic shock. In their studies, sublethal 
doses of ccM.ticcr;teroi& increased survival in 
the groups of shocked animals (rats and 
mice); in fact, percectage survival i n d  
as the dosage increased up to 240 mg/kg of 
body weight. Janoff (6) demonstrated a rapid 
increase of serum 1ySo.wma.l acid hydrolases 
shortly after the onset of shock. He also 
showed that pre- or post-treatment with 
corticosteroids lowered the serum titers Olf 
these substances. Survival data were not in- 
cluded but it was implied Llat lysosomal 
stabilization might prevent “ante-mmtom 
autdysis” from occurring during (the early 

* Supported by NIH Grant 08626-02. 

stages of shock, thereby improving survival. 
Microcirculatory resistive elements represent 
one of many possible sites where such ‘‘auto- 
lysis” could have important deleterious effects. 
Aside from where or how 1ysosoina.I enzyms 
act, there is evidence which suggests that re- 
lease of these enzymes may play a role in the 
mechanism of progressive shock. 

In  the experiments reported here, a cor- 
relation was sought between survival aiter 
tourniquet trauma and the serum level of two 
enzymes which have been shown to be of 
lysosomd origin, namely acid phosphatase and 
beta-glucuronidase. The effect of hydrocor- 
tisone on survival and enzyme levels was also 
determined. 

Methods. Groups of male rats were ancs- 
thetized and subjected to tourniquet trauma 
as standardized in this laboratory( 1,2). Upon 
tourniquet release, each animal had a small 
polyethylene catheter inserted into its ex- 
ternal jugular vein. Infusion fluids of dif- 
fering compositions were run into these 
catheters, at a constant rate, for 3 hours. After 
the catheters were removed, the animals were 
grouped according to type of infusion; part of 
each group was observed for 48-hour survival, 
while another par t  was bled for serum ~d 
phospbtase and b e t a - g l u c u ~ o ~ ~  deter- 
minations. 

Three experiments were p e r f m i d :  1) The 
serum enzyme levels end survival were com- 
pared in 2 groups of traumatized animak; 
one inlfused with saline, the other with hy- 
drocortisone. 2 )  The second contrasted en- 
zyme levels and survival between a trau- 
matized, saline-infused group .md a trauma- 
tized, human plasma flmtioln I1 in~fiused 
group. 3 )  Control enzyme studies were per- 
formed on a nm-traumatized, non-inhsed 
group and on non-traumatized d i n e ,  hydro- 
cortisone and fraction I1 infused groups. 
Volumes infused were either 3 or 3.5 ml/lOO 
g of body weight for all experiments. Hydro- 
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cortisone was given at 3 different dase levels: 
7.5, 15 and 30 mg/kg of body weight (Table 
1) 

Of the animals which comprised any in- 
fusion group, most were returned to their 
cages Ifor observatior. of 48-hour survivd, 
while same w m  bled immediately from the 
common carotid artery or by cardiac puncture 
and zthe serum separated for enzyme anlalysis. 
Assays for betaglucumnidase md acid phw- 
phatlase were the methods of Fiisrhan, 
Springer and Brunetti(9) and Ressey, Lowry 
and Brock ( 10) respeotively. 

ResuEts. The serum acid phosphahe levels 
showed no relation to hydrocortisone dwsage. 
‘Instead, the serum level of this enzyme was 
closely related to the degree af hemdysis in 
the Mood sample. Presumably, erythrocytic 
acid phosphatm was detected by this assay. 
Beta-glucwcmidase activity was therefore used 
as the sole indicator of the degree of presumed 
lymomal breakdown. Plaice( 1 1) has demon- 
strated nu beta-glucuronidwe activity present 
in the red cell, and therefore, no significant 
differences in assay level af the enzyme an 
be shown More  and after hemolpis. Beta- 
glucuronidase serum lwels, however, are 
widely variable from ostensibbly similar ani- 
mals (Tzble I). 

As shown in Table I, hydrocortisone in d l  
dosages reduced the level of the W- 
glucuronidase in the blood of traumatized 
animals. Survival of the hydrocartisone- 
infused groups, however, was significantly less 
than that of the saline-infused groups. Further, 
the level of the enzyme in the serum of frw- 
tion I1 infused groups was not statistically 
different from that of the saline infused 
groups (Table I), although fraction I1 in- 
fusion is known to prwduce statistically 
superior survival rates (Table 111). The dif- 
any difference between the enzyme levels of 
non-traumatized, saline-inrfused non-in- 
fused controls is not signifiant, nor is there 
any difference betweep the enzyme levels of 
mn-traumiatized ani’mals inlfused with d i n e ,  
hydrocortisone or a Fraction I1 solution. Sta- 
tistical analysis also indicates no differences 
existing between the two d i n e  and the firac- 
tion I1 infusion groups of the traumatized 
animals or animals not infused and whose 
tourniquets were not removed. 

There are statistical differences, however, 
between the non-traumatized groups, regard- 
less of infwion fluid:; used, and the trau- 
matized animals receiving either d i n e  or 
fraction 11. The t ravmatid-  hydrocortisone 
groups infused at  3.5 rn1/100 g of body weight 

TABLE I. Serum Beta-Glucuronidsse Levels. 

Vol of p-Glucuronidase 
iiif usion activity (units 

Condition of m1/1010 g Illfusion Lmcterial enzyme 
animals body wt fluid standard) 

Non-traumatized 
9 9  

9 s  

Y9 

4 hr. tourniquets 
1 9  

9 9  

9 9  

9Y 

9 9  

9Y 

Tourniquets not 
released 

None 
Saline 
Fraction I1 
1 5 M G F Q  
Saline 

Fraction 11 
15 m g  F 
7.5 nig F 
15 ” 

30 ” 

None 

, 9  

Meail S.D.” pt 
476.6 k 224.0 
294.4 138.4 = .40 
389.9 125.7 >.50 
319.9 80.1 >.30 
589.6’ 298.0 
745.7 270.0 >.40 
720.4 355.8 >.50 
343.5 183.3 = .30 
206.6 50.5 = .02 
153.3 68.5 = .02 
49.0 43.5 <.Ol 

613.3 148.7 = .90 

* = Standard deviation. 
t = Probability from student t distribution. Coinparisom in non-traumatized groups were 

made to the nm-infused control. Comparisons in the tourniquet traumatized groups were 
made to the saline infused control which was infused at the rate of 3.5 m1/100 g of body wt. 

$ No. of animals. 
= Hydrocortisone (Upjohn’,s Solu-cortef). 
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'I'Al31,E I I .  St.;ifistic;il Aiialysis." 

C'oni1):irisoiis Mean S.Z>.t P r o  b n bi li t y 

Poolcd ~ioii-trnuinatizcd groups (10)  t 395.9 & 143.0 
VS 

Pooled traumatized groups 
esccpt hydrocortisone iiifusioiis (30)  650.9 333.0 

Son - t r:uimntizr+-3.5 l i d /  1 ()0 g 
body wt  conta.ining 15 iiig 

liyclrocortisoiic ( 6 )  319.9 80.1 
VS 

g body wt coiitainiiig : 
4 HRp t oiirii iquct t r:i unia--3.5 nil/ 1 00 

206.6 50.5 .1 <p <.05 
153.3 68.5 .05<p <.as 
49.0 43.5 p <A05 

, 9  

9 9  

T.5 ing hydrocortisone (6)  
15.0 (4) 
30.0 (4) 

* See text for  furtlier esplnna.t.ion. 
t = Standard  deviation. 
t = No. of aiiiiiials. 

are statistically different from any other trau- 
matized groups and also ddfferent from their 
own control (15 mg hydrocortisone inifusion 
at 3.5 ml/l00 g of body weight in non-trau- 
m d z e d  animals) at dose levels of 15 and 30 
mg of hydrocortisone. These evaluations are 
summarized in Table 11. 

Finally, combined survival far the saline- 
infused groups after the tourniquet trauma 
was about 50% (Table 111) , which provided 
a good base line for comparison of the thera- 
peutic infusions. 

Discussion. Hydrocortisone did effectively 
lower the level of beta-glucuronidase in the 
blood, presumably by stabilizing lysommal 
membranes whose fragility increased with the 
onset of shock ( 5,6). However, traumatized 
rats infused with a hydrocortisonle solution 
showed a lesser survival rate than did rats 
infused with normal saline solutions. Lillehei 
et al in their comprehensive review on The 
Nature of Shock ( 3 ) ,  state that corticosteroids 
combat hypovolemic shock by virtue of their 
vasodilating action. However, endotoxic shock 
was the experimental shock used to demon- 
strate steroid protection. I t  has been s- 
tablished that in tourniquet trauma, mte 
hypowlemia is the primary cause of shock. 

TABLE 111. 48-Hour Combined Survival Data. 

Infusion Lived Died % Survival 

Saline 19 21 47.5 
Hydrocortisone 6 29 17.2 
Frnct.ion I1 9 3 75.0 

The vasodilating action of cortimteroids 
might be expected to increase the effects of 
hypovolemia by causing poling and decreased 
venous return. Conversely, if hypovolemia has 
not occurred on a large scale, as in endotoxic 
shock, vasodilation, along with fluid replace- 
ment would lead to improved tissue perfusion 
and, in turn, to improved recovery. After a 
lethal tourniquet trauma saline replacement 
alone, in amount of 7% 04 the body might, 
resuscitates a very high percentage of animals. 
Such effective results from fluid replacement 
alone suggest that hypovolemia, rather than 
irreversible au toly sis , determines survival 
after tourniquet shock. The vasodilation 
produced by hydrocortisone, in sublethal 
doses, may contribute to the decreased sur- 
vival of such animals in tourniquet shock. 

I t  is possible to postulate the converse of 
the main thesis, namely that high l m l s  of 
lymomal enzymes in the blood favor sur- 
vival from tourniquet shock. This seems un- 
likely in view of the finding that serum levwls 
of beta-glucuronidase in the fraction I1 in- 
fused animals were statistically the same as 
those in the saline-infused groups. Fraction 
I1 infusion, known to increase survival from 
tourniquet shock, did not affect enzyme levels 
in the serum. There was no relation 'between 
48-hour sunrival and the serum enzyme levels. 

Finally, the time of administration of mrti- 
costeroids in resuscitative experiments is 
obviously fixed. The corticosteroids can be 
administered only after the trauma. Weiss- 
mann( 5), however, hiw shown that lymmml 
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enzyme levels increase rapidly after the onset 
of shock. It is possible that corticmtemid ap- 
plication would be most effective when used 
prim to insult as, indeed, Weissman and 
others(8) haw demonstrated in other sthock- 
producing traumas. 

Summary. Hydrocortisone administered to 
tourniquet traumatized rats, in infusion fluids, 
was effective in lowering the levels 04 beta- 
glucuronidase in the serum. H o m e r ,  survival 
in hydmrtisune-infused animals was less 
than in saline-infused animals. Moreover, an 
effective infusate containing Cohn Fraction I1 
of lyophilized, reconstituted, human plasma 
did not significantly alter the level of (beta- 
glucuronid'ase in the blood. Hycimcmtisone, 
as given in these experiments, proved an in- 
effective agent for resuscitation f m  tour- 
niquet shock. Serum levels of beta-glucu- 
ronidase, presumed to reflect lysol.wmal en- 
zyme release, did not correlate with survival. 
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Extensive studies have been previously 
performed in this Research Unit on the ab- 
sorption and excretion of both radioactive 
caIcium and radioactive strontium in man 
( 1-4). The net absorption 'as well as the true 
absorption, taking into consideration the 
endogenous fecal excretion, has been deter- 
mined from plasma levels, from curnmuletive 
fecal and urinary excretions, and from a com- 
parison of the plasma levels following a single 
oral and a single intravenous dose of the radio+ 
isotope in the same person(5). However, the 
dynamics of the rate of entry of the radioiso- 
topes from the intestinal tract into the blood 
stream have not k e n  conipletely clarified. In 

* Study supponted in part by Grant RH-00222 
from Division of Radiological Health, USPHS and 
in pant by US. Atomic Energy Commission Contract 
AT ( 1 1 - 1) -1 23 1-23, 

Administration Hospital, Hines, I l l .  

this study the rate of the initial entry of both 
radiocalcium and radiostrontium has been 
determined. The initial entry rate must be dif- 
ferentiated from the integrated srtady state 
rate of absorption almg the entire g a s h -  
intestinla1 tract. The initial entry rate denotes 
entry orf thle mdiu>isotope f m  one c m -  
partment into another compartment without 
consideration of recirculation or feedback and 
reflects the gradual passage of cbhe remaining 
unabsorbed dose through different portions of 
the intestinal tract exhibiting diffmnt tws- 
port activity. It is calculated by adapting an 
integral equation apprmdh for use with a 
digital computer. A short review of the history 
of this $approach (has been published recently 
(6) .  

Materia2 and methods. Three male patients 
with mild ostwmsis rm@g in age from 42- 


