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complement levels rise during ACTH treat- 
ment. 

creased. In  the remaining case an increase 
was observed which was shown to be due to 
the development of specific antibody during 
treatment. Summary. In  9 of 10 patients under treat- 

ment with ACTH or cortisone, the phagocytic 
activity of the neutrophilic leukocyte de- Received June 26, 1951. P.S.E.B.M., 1951. v 7 7 .  
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During the past 20 years, a large quantity 
of evidence has accumulated indicating that 
in ,traumatic shock there is a displacement of 
fluid from the blood into the tissue of the in- 
jured area. Blalock( 1 ) reported that the loss 
of circulating volume could be accounted for 
by the gain in weight of the traumatized area. 
This observation has been supported by the 
work of Xickerson( 2 ) :  Ashworth, Jester, and 
Lloyd ( 3 ) ,  Swingle et al .  (4)  , and others, and 
it has been concluded by most investigators in 
this field that the loss of plasma is the princi- 
pal cause of the condition known as shock. 
Inasmuch as plasma is a complex substance 
consisting of several protein components as 
well as electrolytes and water, it is necessary 
to determine specifically the transfer of each 
of these substances in order to understand the 
role they play in the syndrome of shock. 

This paper presents analytical data on the 
nature of the proteins found in injured and 
uninjured tissue and compares them with 
those found in serum. 

Generd procedurc. Partial ischemia in one 

* This investigation was supported, in part, by 

1 .  Blalock, A, Arch. Surg., 1930, v20, 959. 
2 .  Xiclierson, J. L., A n t .  J .  Physiol., 1915, ~1.13, 

429. 
.i. Ashwxth.  C. T.. Jester. A. W., and Lloyd, G. 

E.. .4m. J .  Plzysiol., 19-14, v l l l ,  371. 
4. Swingle, W. W., Remington, J .  W., Kleinberg, 

W., Drill, V. A., and Eversole, W. J., .4m. J .  Physiol, 
1942, v138, 156. 

the U. S. Navy, Office of Saval Research. 

hind leg of each of 6 anesthetized dogs was 
produced by binding with a tight tourniquet. 
The animals were anesthetized by intravenous 
injection of nembutal (0.6 cc of a 6% solution 
per kg body weight). The tourniquets were 
made tight by first wrapping about 10 feet of 
elastic bandage high up on the thigh, then a 
double loop of insulated wire which was drawn 
tight by twisting with pliers. This procedure 
produces neither complete nor reproducible 
degrees of ischemia, the variation being par- 
tially dependent on the size of the animal 
used. The bandage was left ,for 4 to 5 hours 
(Table I) and during the entire experiment 
small quantities of nembutal were adminis- 
tered when needed to keep the animal in deep 
anesthesia. Sometime during this period a 
relatively large quantity of the blue dye, 
T-1824, was injected via jugular vein. This 
was done for blood volume determinations and 
also to see whether dye-tagged albumin could 
be traced into the tissues. Rawsvn(5) has 
shown that 8 to 14 molecules of dye are bound 
by one molecule of albumin. In  these experi- 
ments the number of moles of dye used was 
much less than the numlkr of moles of albu- 
min in the blood so that the albumin should 
be far from saturated and the binding rela- 
tively complete. 

At about 1% hours after release of the 
tourniquets the animals were exsanguinated 
and in one case (Dog No. 2 )  both femoral 

5 .  Rawson, R.  A., Am. J .  Physiol., 1943, v138, 705. 
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TABLE I. General Data on Leg Injury and Dye Injection. 

.-Time after application of tourniqu- 
Tourniquet Exsanguin- 

Dye inj, Dye. min removed, min ated, min Dog No. Wt, kg g 

1 10.7 .0500 175 187 260 
2 13.1 .0550 235 245 330 
3 8 .0212 238 268 355 
4 6.2 .0212 25 7 299 360 
5 14.5 .0479 37 260 355 
6 12 .0479 230 255 360 

arteries were cannulated and perfused with 
saline in an attempt to wash out the residual 
blood. About 5 0 0  g of flesh (not skin) wa5 
excised from each. Proteins were extracted 
from each by first adding a buffer 0.02 M with 
respect to sodium phosphate and 0.15 M with 
respect to NaCl and chopping and grinding in 
a mortar or by subjecting to the action of a 
Waring Blendor, then clarifying by centri- 
fuging a t  3000 r.p:m. The proteins extracted 
by the two procedures did not differ signifi- 
cantly except that 'the *blendor extracted more 
protein from a given quantity of flesh and the 
ratio of the quantity of albumin to other 
components was slightly lower. 

Results. T-1824 dye in tissue. Gross ex- 
amination of the flesh of the injured and un- 
injured legs revealed, by its strong blue color, 
the presence of dye in the injured but not in 
the uninjured tissue. In every case there was 
this marked difference in the appearance of 
the 2 legs, and the color was strongest in the 
flesh immediately under the tourniquet. How- 
ever, the dye could not be extracted by homo- 
genizing the tissue in buffered saline but wa5 
cenltrifuged down at  3 0 0  r:p.m. with the 
tissue debris. 

Serum proteins in tissue. Electrophoretic 
analysis of the proteins extracted in saline- 
phosphate buffer at pH 7.4 from the injured 
and uninjured tissue revealed a marked dif- 
ference (Fig. 1 and Table 11). In the extract 
from the uninjured tissue the component hav- 
ing the mobility of albumin amounted to from 
2.8% to 7.1% of the total pattern area, 
whereas in the extract from the ihjured tissue 
from 8.2% to 27.8% was albumin (other 
evidence of the identity of this albumin is 
given in the following section). Similar dif- 
ferences in injured and uninjured tissue ex- 

tracts were found in mice (6). In  the experi- 
ment where the dog legs were perfused the 
amount of extracted albumin in the uninjured 
flesh was hardly perceptible (only 2 or 3% of 
the total pattern area) whereas in the injured 
flesh it was about 1770. 

In all of these extracts from injured legs of 
dogs as well as those of mice(6) the absence 
of a- and p-globulins is very striking. I t  is 
imposs?ble to determine the presence or ab- 
sence of 7-globulin because of the proximity 
of its mobility to that of the normal tissue 
proteins but in the injuries dealt with here it 
appears that albumin is the only plasma pro- 
tein that appreciably leaks through inlto the 
tissue after injury by tourniquet. The mobrili- 
ties (Table 11) of the albumins taken from 
the injured and uninjured legs appear, in some 
cases, to be significantly different, but the 
cause is not yet known. 

Immunochemical identification of albumh. 
The methods of quantitative immunochemis- 
try have provided additional criteria for the 

FIG. 1. Electrophoretic patterns of buffered aaline 
extracts of tissues from contralat,eral uninjured leg 
and t,he leg injured by tourniquet of dog Xo. 4. 

(A  -- albumin). 

6 .  Moore, D. H., and Fox, Jr., C. L., Nature, 
London, 1950, v165, 872. 
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TABLE 11. Electrophoretic Comparison of Buffered Saline (pH 7.4) Eixtracts from 1njurt.d 
and Contralateral Uninjured Leg Tissues. 

---T.'niiijured leg-, --Injured leg-, - 

2 154 5.8 7.1 152 2'1 5.8 Mortar and pestle 
16.8 5.8 W.aring blendror P 1265 2.8 7.1 1830 
22.2 6.2 3 2-40 4.8 6.1 3 15 

4 '180 7.1 7 360 2i.8 6 
735 8.2 6.4 5 715 3.5 6.8 

G 744 2.8 6.1 6 6 i  17.1 5.6 

? ?  ) J  

I f  ? ¶  

7 ,  ¶ >  

9 7  ? >  

identification of proteins (7 ) . Therefore the 
quantitative precipitin reaction was used to 
compare the albumin obtained from serum 
with that from injured leg extract. 

An antiserum to dog serum albumin (DS-4) 
which had been prepared some years pre- 
viously in the laboratory of Dr. Michael 
Heidelberger was used. The antiserum was 
diluted 1 to 8 with 0.15 M NaC1 containing 
1 : 10,OOO merthiolate as a preservative. For 
purposes of the precipitin reaction, electro- 
phoretically-separated samples of dog serum 
albumin (DS.4) and injured dog's leg albumin 
(DL-4) were used. The DSA was diluted to 
120 and 124 pg nitrogen per ml ( 2  dilutions 
of the same preparation were made) and the 
DLA was diluted to 136 p g  nitrogen per ml 
with 0.15 34 NaCl and stored at  these cancen- 
trations, all subsequent dilutions being made 
from these stocks. Final dilutions were made 
in saline containing normal rabbit serum and 
were prepared immediately prior to addition 
to the antiserum. The reaction mixtures in 
duplicate, with appropriate blanks, were al- 
lowed to stand from 48 to 72 hours a t  0-5"C 
in the icebox. Nitrogen was determined by 
the Markham modification of the micro- 
Kjeldahl method (8). 

Tlhe results are summarized in Table 111. 
From these data it must be concluded that the 
2 albumins behave identically with respect 
to the antiserum to one of them, and therefore 
are chemically either the same or very similar. 

7. Kabat, E. A., and Mayer, M. M., Experimental 
Immunochemistry, Charles C .  Thomas, Publishers, 
Springfield, Ill., 1948. 
8. Markham, R., Biochem. J., 1942, v36, 790. 

TABLE 111. Addition of Dog Serum Albumin 
(DSA4) and Albumin from Injured Leg (DLA) to 
1.0 ml (1-8) Antiserum t o  Dog Serum *4lbumin. 

Prepara- Antigen N Total N 
tioii added, Pg PPM, Pg 

4.96" 
5.49" 
8.3 t 
8.2 

10.3 
10.9 
12 
16 t 
16.3 

49' 
50* 
61i 
62 
75 
73 
82 
39tS 
37$ 

* Double quantities were actually used. 
t One and one-half times these quantities were 

4 Single determination. 
u s d .  

Ultracentrifugal identification o j albumin. 
Sedimentation constant determinations of al- 
bumin electrophoretically-separated from the 
serum and from tissue extract of the injured 
limb were carried out in an air-driven ultra- 
centrifuge (9). The measured values which 
were made in the phosphate-saline buffer at 
temperatures between 20 and 30°C were cor- 
rected to the standard conditions of 20°C and 
a solvent of pure water. 

The albumins from the serum and from the 
injured tissue were found to be indistinguish- 
able, both having a sedimentation constant in 
the neighborhood of 4.5 S at concentrations of 
about 5 mg/ml. 

Discussion and conclusions. The data pre- 
sented here are believed to offer conclusive 
proof that a tight tourniquet applied to a hind 
leg of an anesthetized dog for a period of 4 

9. Chiles, J. A., and Severinghaus, A. E., Rev. 
Scient. Instruments, 1940, vll, 71. 
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hours will, upon release, cause, as has been 
thought by many investigators, a transfer of 
serum albumin into the tissue affected by the 
tourniquet. A comparison of buffered saline 
extracts of tissue from injured and uninjured 
legs by means of electrophoresis revealed 
large quantities of plasma albumin in the 
injured tissue extracts in contrast to only 
traces in the contralateral uninjured tissue 
extracts. The albumin was further identified 
by immunochemical procedures and by its 
sedimentation constant in the ultracentrifuge. 
The fact that the albumin electrophoretically- 
separated from the tissue extracts reacted 
quantitatively with an anti-dog albumin rab- 
bit serum in the identical manner as the al- 
bumin electrophoretically-separated from the 
dog serum would seem to indicate that the 
albumin in the injured tissue came from the 
serum. 

The effect of the tourniquet seems to lower 
but not remove the barrier between the blood 
and the tissue because, of the plasma proteins, 
only albumin, which is the smallest molecule 
with the highest negative net charge, is trans- 
ferred to any appreciable degree. The elec- 

trophoretic analyses also indicate that the loss 
of serum albumin is localized to the injured 
area. It is believed that the small amount of 
albumin (Table 11) appearing in extracts 
from the uninjured legs comes from residual 
plasma in the capillaries. Perfusion of the 
legs with saline after exsanguination resulted 
in leaving in the control only a trace of ma- 
terial with the mobility of albumin. These 
data, therefore, support the idea that plasma 
albumin goes exclusively into the injured 
tissues. 

Summary Electrophoretic, ultracen t ri fugal 
and immunochemical analyses of a protein 
extracted in buffered saline from tissues in- 
jured by the application of a tight tourniquet 
to one hind leg of the dogs indicate that large 
quantities of serum albumin enter the injured 
tissue. However, little or none of the a- and 
P-globulins enters the tissue. The dye, 
T- 1824, injected intravenously before release 
of the tourniquet appears in the tissue of the 
injured leg only. 

Received June 26, 1951. P.S.E.B.M., 1951. v77. 
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Schrek(l,2) found that compounds B and 
F and extracts of the adrenal cortex had a 
direct cytocidal action on rabbit lymphocytes 
in vitro. Feldman(3) observed a di-rect .toxic 
action on lymphocytes #by compound A and 

~ ~~~ ~ ~~~ 

* Pumblished with the approval of the Chief Medical 
Director, Veterans Administration. The statements 
and conclusions published by the author are the re- 
sult of his own study and do not necessarily reflect 
the opinion or policy of the Veterans Administration. 

1. Schrek, R., Endocrinology, 1949, v45, 317. 
2. Schrek, R., PROC. SOC. E n .  BIOL. AND Mm., 

3. Feldman, Joseph D., Endocrinology, 1950, v46, 
1951, v76, 557. 

552 .  

by adrenal cortex extracts. In  the present 
study, the lymphmytotoxic action is used for 
the biologic assay of the adrenal cortex hor- 
mones. 

Methods. The reagents tested were com- 
pounds B, E and F, an extract of the adrenal 
cortex and chromatographic fractions of the 
extract. All of these reagents were kindly 
provided by Drs. William J. Haines and Mar- 
vin H. Kuizenga of the Upjohn Company. 
Various quantities of the reagents, dissolved 
in methyl alcohol, were distributed, to small, 
sterile test tubes 100 x 13 mm. The alcohol 
was evaporated in vacuo at room temperature. 
The tubes with the dried reagent were stored 


