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changed. At this point the value of the neu-
tralization test for diagnostic purposes was
further emphasized. After modification had
occurred it was possible only by demonstrating
a rise in antibody titer to prove that the dogs
had been infected. However, diagnosis of ICH
has also been made on numerous occasions
by direct isolations of the virus-in tissue cul-
tures, either from a single drop of blood ob-
tained during the febrile period; or after
death from the livers of infected dogs(11l).
Thus, as has already been established for
poliomyelitis, diagnosis can be made either
directly by virus isolation or indirectly by
demonstrating increase in antibody titer.

Recently, a comparison was made between
virus from the 74th tissue culture passage and
virulent ICH virus. There were 6 dogs in
each group with an equal distribution of litter
mates in each group. None of the dogs in-
oculated with virus from the 74th tissue cul-
ture passage developed either a febrile reac-
tion or a leukopenia. Five of the dogs inocu-
lated with virulent ICH virus died and had
typical post mortem lesions of ICH, while the
6th dog developed a strong febrile reaction.
All of the vaccinates developed a high titer of
neutralizing antlbody and resisted challenge
with the virulent virus.

Summary. 1. Propagation of ICH virus
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with the production of distinctive cytologic
changes has been demonstrated in roller tube
cultures of dog kidney. 2. After 51 serial
passages the virus apparently had lost its
virulence for dogs, although producing a solid
immunity. 3. A practical neutralization test
for the diagnosis of ICH has been described.
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‘Effects of Tumbling Trauma, Scalding and Hemorrhage on Rat Tissue
Non-Protein Sulfthydryl.* (21243)

Lvie V. BEck, WAYNE H. LINKENHEIMER, AND ADELE MARRACCINI.

" From the Department of Physiology and Pharmacology, University of Pittsburgh School of Medicine,
Pittsburgh, Pa.

In a preceding publication(1), 2 of us have
reported that scalding, tourniquet trauma and
exposure to severe cold for 6 hours all induced
in the mouse a marked decrease in liver non-
protein sulfhydryl (-SH) concentration. The
present paper deals with the effects in the rat
of tumbling trauma and scalding on non-pro-

* This research ‘was supported by USAF School of
_Aviation Medicine Contract No. AF 18(600)-555
and N. I. H. Grant-in-Aid G-3740.

tein —SH concentration in the blood, liver, and
certain other tissues. Data on liver —SH
values obtained for rats subjected to severe
hemorrhage are also presented.

Materials and methods. Chemical estima-
tions. All distilled water employed in the
present experiments was freed of heavy metal
ions capable of binding —SH by passing ordin-
ary distilled water through a La Motte Filtr-
ion column. -SH estimations for deprotein-
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TABLE 1. Comparative Tissue Non-Protein Sulfhydryl (-SH) Values Obtained for: (A) Con-

trol Rats, (B) Rats Traumatized by Tumbling

(400 Turns) in a Noble-Collip Drum, or by

Scalding (75°C for 15 Seconds).

Non-protein -SH values, as GSH equivalents, mg %, + S.E.*

Time of sacrifice No. of Liver

Heart - Blood

Kidney -
after tumbling ratsin Adjusted to
Exp. or scalding group Original  ‘¢100% Hb’’t
A Comtrols 16 194+ 7 108+ 44 593+ 16 394+16 406+ 16
Tumbled rats:
3 min, 10 166 101 64 444 4+ 1.4 43.0 = 2,0
40 7 4 126 96 62 39.4 38.6
3 hr 1 110 103 43 39.6 36.0
6 " 4 163 96 55 38.9 39.7
B Controls 9 214+ 7 108 64 39.0 +- 1.4 44,0 + 1.6
Scalded rats:
3 hr 4 170 76 45 48.5 41.9
6 8 148+ 8 86 67 46.5 == 1.2 414+ 1.0
18 1 137 124 63 47.8 42.3
C Controls 12 200 +11 126 2.3
Sealded rats:
3 hr 8 156 +12 84+ 4.9
6 7 4 161 92

P values for control vs. scalded rats of Exp. B: For liver, less than .001,

Idem

Exp. C:

”

” ,.01; for kidney, less than .001.

* Stand. error values not available in some cases, due to analytical values having been se-
cured by using extracts from tissues pooled from several rats in the Group.

t See text.
3 Only 1 of 4 scalded rats survived to 18 hr.

ized tissue or blood extracts secured in the
scalding and tumbling experiments were made
by the nitroprusside method of Grunert and
Phillips(2), adapted to the Fisher Electro-
photometer by increasing the volumes of all
reagent solutions employed by them by 2.5
times, and the final volume to 25ml. 1In our
experiments this method has given satisfactory
and reproducible optical density readings for
glutathione and cysteine solutions, tissue and
blood extracts, and such extracts to which
glutathione had been added. It has the great
advantage over the amperometric method(3),
which we had previously used(1), of per-
mitting performance of analyses at a much
greater rate. Since stabilitv of the color
developed by nitroprusside in the presence of
—SH is apparently dependent on having a very
high salt concentration, and since many pro-
teins are precipitated at such high salt con-
centrations, it does not appear likely that the
nitroprusside method will be readily adapted
to estimations of total and protein —SH, which
may be made fairly readily by the ampero-
metric method(1). Deproteinized blood ex-
tracts for —SH estimation by the nitroprusside

method were secured as follows: A one ml
hypodermic syringe bearing a short 23 gauge
needle was filled to the 0.10 mark with heparin
in 0.9% NaCl at a concentration of 1000
U. S. P. units per ml. The test rat was ether-
ized. the chest wall opened, and blood drawn
from the heart into the syringe to the 1.0 mi
mark. This heparinized blood was discharged
into a 10 ml glass stoppered volumetric flask.
Two hundredths ml of the blood was with-
drawn from the flask with a Sahli pipette and.
added to 5.0 ml of 0.1 N HCI, for estimation
of hemoglobin content of the blood by the
acid hematin method, using a Fisher Electro-
hemometer. To the heparinized blood remain-
ing in the 10 ml flask was added 4 ml of dis-
tilled water and a pinch of saponin. On com-
pletion of hemolysis 2.0 ml of 8% metaphos-
phoric acid were added. The flask was stop-
pered and thoroughly shaken. Three grams
of crystalline NaCl were added and shaken to.
solution. Foam in the neck was carefully
removed using a wooden applicator dipped in
caprylic alcohol. Saturated NaCl solution was.
added to the 10 ml mark. The contents of
the flask were thoroughly mixed and filtered
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TABLE II. Effects of Hemorrhage on Rat Liver Sulfhydryl.
Liver -SH as mg %, GSH equivalent, Protein
Hr between + S.E. Protein -SH, as
Avg total bleed- end of 2nd ——— extracted, % of
ingvolas %  bleeding & No.of rats Non-protein as % of  extracted
Exp. of body wt sacrifice  in group Total -SH -SH Protein -SH  liver wt protein
A Control — 11 518 +35 187+ 5 331 +35 174+18 .20
3.25 2 2 465 157 309 18.1 .18
3.25 4 10 419 +-40 142+ 9 270 =40 16.7 1.4 17
B Controls — 10 615+ 14 198 +11 417+ 15 268+ 4 A7
2.77 24 10 645+ 17 2124+ T 433 =15 248+ .6 19
P values for control vs. bled rats of Exp. A, N.S. 001 N.8.* N.8.
4 hr after bleeding:
P values for controls of Bxp. A (about 150 g 03 N.S. .05 001

body wt) vs. controls of Exp. B (older
rats, about 210 g body wt) :

* N.8S.—Difference not statistically significant.

through Whatman No. 1 paper into a test
tube. A 5 ml aliquot of the filtrate, correspond-
ing to 0.44 ml of rat blood, was employed for
the nitroprusside optical density estimation.
In Table I, 2 sets of values are given for
blood non-protein —-SH: a) original values,
b) values adjusted to blood containing hemo-
globin at 100% of the “normal” value, arbi-
trarily placed at 15.6 g of hemoglobin per 100
mi of blood. Use of such a “normal” value
makes it possible to allow for variations in
non-protein —SH content of the blood due to
variations in the mass of red cells subjected to
analysis. The advisability of having “ad-
justed” values available for consideration is
indicated by the finding of Peterson, Beatty
and West(4) that whereas radiation was fol-
lowed by marked changes in blood glutathione
values, parallel changes also occurred in the
hematocrit values, so that glutathione ex-
pressed as mg per 100 g of red cells was rela-
tively little changed. Deproteinized tissue ex-
tracts for ~SH estimation by the nitroprusside
method were secured as follows: Immediate-
ly after the blood had been removed from the
heart, each tissue for which an analysis was
desired was excised, frozen on dry ice, wrapped
in tin foil and held in a deep freeze to time of
analysis, but not more than 24 hours after
sacrifice. The frozen tissue was ground in a
large mortar with sand and ice-cold 3% meta-
phosphoric acid, 4 ml per gram of tissue.
Crystalline NaCl, 1.5 g per gram of tissue,
was added and ground to solution in tissue

brei. Finally, 2% metaphosphoric acid satu-
rated with NaCl was added in the amount of
14.5 ml per gram of tissue. The final mixture
was filtered through Whatman No. 1 paper to
give a clear filtrate. Concentration of non-
protein —SH in the tissue has been estimated
by multiplying the concentration found in the
tissue extract by 20. In the kemorrhage ex-
periments (Table II), the liver extracts were
secured essentially as described previously (1),
and the —SH estimations were made by the
amperometric method(1,3). The values for
protein —SH as per cent of the protein, shown
in the final column of Table II, were secured
as follows: Each protein -SH value, ex-
pressed as glutathione equivalent, was con-
verted to —SH per se. This value was then
used in conjunction with the corresponding
extractable liver protein value, as estimated by
the method of Robinson and Hogden(35), to
calculate the term protein —SH as per cent of
protein.

Animals and treatment. Carworth Farms
strain male rats, fed on Rockland rat food
pellets, were employed. Approximate average
body weights for these rats were as follows:
Exp. A of Table I, 240 g; Exp. B of Table I,
320 g; Exp. C of Table I, 270 g; Exp. A of
Table IT, 150 g; Exp. B of Table II, 210 g.
1. Tumbling trauma: 400 turns (800 tumbles)
were administered, using an apparatus model-
led on that of Noble and Collip(6), but having
a fixed rotation rate of 41 turns per minute.
Preparation of rats for tumbling, and their
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appearance and behavior after tumbling, dif-
fered in no way from the descriptions of Noble
and Collip. For data obtained, see Table I,
Exp. A. 1I. Scalding: The method described
by Rosenthal(7) was employed. Each test
rat was etherized and scalded to the neck in
water at 75°C for 15 sec. For data obtained,
see Table I, Experiments B and C. TIII.
Hemorrhage: Each rat was etherized and bled
from the tail by the method described for the
mouse by Tabor, Kabat and Rosenthal(8).
After completion of the second hemorrhage,
the rats were returned to cages containing
food and water. The amounts of blood se-
cured by us, expressed as per cent of the
body weight. have been appreciably less than
the amounts which Tabor et al were able to
secure from mice. They removed blood in a
total amount of 4.5% of the body weight, in
2 equal bleedings an hour apart. While we
were successful with each rat in removing
blood in the amount of 2.25% of the body
weight in the first bleeding, the second bleed-
ing did not in any case yield an amount of
blood exceeding 1.25% of the body weight.
The amount yielded by rats of over 200 g
body weight was appreciably less, in ml per
100 g of body weight, than that yielded by
rats of about 150 g body weight. Of 24 rats
subjected to hemorrhage, 2 died as a result
of the first bleeding. The average total
amounts of blood removed are indicated for
the various groups of surviving bled rats in
Table II. Rats subjected to hemorrhage and
sacrificed at 2 or at 4 hours after completion
of the second bleeding exhibited dyspnea,
prostration and apathy at time of sacrifice.
None of this symptomology was exhibited at
24 hours after completion of hemorrhage.
Results. 1. Tumble experiments (Table 1,
Exp. A): The liver non-protein —SH values
secured for tumbled rats were all less than the
average liver non-protein —SH value obtained
for control rats. This difference was most pro-
nounced for tumbled rats sacrificed 3 hours
after completion of tumbling. Other tissues
analyzed (kidney, heart, skeletal muscle,
blood) showed relatively little change in non-
protein —SH, with the possible exception
of heart at 3 hours after tumbling. II.
Scald experiments (Table I, Exp. B and C):
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Rats sacrificed at 3 and at 6 hours after
scalding exhibited significantly lower non-pro-
tein —SH values for both liver and kidney than
did control rats. Spleen non-protein -SH
values were practically identical for control
and scalded rats. Heart non-protein —SH
was apparently decreased at 3 hours after
severe scalding. At both 3 and 6 hours after
scalding a considerable increase in blood hemo-
globin had occurred, reflecting no doubt a cor-
responding hemoconcentration. There was
also a considerable increase in the blood non-
protein —SH. However, on adjustment of all
bloods to a “100% Hb” value, the blood non-
protein —SH values of control and scalded rats
became statistically indistinguishable. III.
Hemorrhage experiments (Table II): By 4
hours after the second hemorrhage a significant
decrease in the liver non-protein —SH concen-
tration had occurred (Exp. A). At 24 hours
after hemorrhage, control and bled rats ex-
hibited indistinguishable liver non-protein —SH
values. The data of Table II indicate that
no significant alteration in extractable liver
protein or protein —SH was induced by the
hemorrhage. More protein and protein —SH
were extracted from the livers of the larger,
older rats of Exp. B than from the livers of the
younger rats of Exp. A. It is interesting to
note that, within the limits set by the accuracy
of the analytical methods employed, a fairly
constant value was obtained for the factor
protein —SH as per cent of the extractable liver
protein (last column of Table II).

Discussion. A wide variety of procedures
has been developed for producing in experi-
mental animals a condition resembling clinical
shock(9). From data presented in this paper
and a preceding publication(1) it is apparent
that in both the mouse and the rat the use of
such procedures has to date invariably resulted
within a few hours in a significant decrease in
concentration of liver non-protein —-SH com-
pounds. Tests made to date have failed to
reveal appreciable increases in non-protein
~SH of tissues other than the liver, accom-
panying the significant decreases noted in the
liver. Tissues of tumbled or scalded rats ex-
amined have included kidney, blood, heart,
spleen and skeletal muscle. It would appear,
therefore, that decreases in liver non-protein
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—~SH occurring in severely injured rats (and
mice) are not brought about by the transfer
to, and storage of, such compounds in un-
altered chemical form in tissues other than the
liver.

Leaf and Neuberger(10) and Edwards and
Westerfeld(11) have reported that by 24
hours after rats were placed on a low protein
diet, a considerable decrease had occurred in
the concentration of glutathione in the liver.
Since animals subjected by us to scalding,
trauma, or hemorrhage did not eat for several
hours thereafter, it might be postulated that
the low liver non-protein —SH values observed
by us were due to protein deprivation. How-
ever, the changes observed by us have been
most pronounced at three and six hours after
infliction of injury or hemorrhage, whereas in
the experiments of Leaf and Neuberger rats
deliberately starved did not exhibit any ap-
preciable decrease in liver glutathione concen-
tration even at 24 hours after the beginning of
the starvation.

It is hoped that future experimentation will
elucidate some of the metabolic and/or hor-
monal mechanisms responsible for the de-
creases in concentration of non-protein —SH
compounds which occur in certain tissues,
especially the liver, following severe injury.

Summary. 1. Significant decreases in con-
centration of non-protein ~SH were noted in
rat liver following tumbling trauma, and in
rat liver and kidney following severe scalding.

Activation of Bovine Plasminogen by Trypsin.*+

H. D. Jackson anp E. T. MErTZ.
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2. In analyses confined to the liver, a signifi-
cant decrease in liver non-protein —SH was
noted following severe hemorrhage. No ap-
preciable change was noted in either liver pro-
tein —SH or extractable liver protein. 3. Blood
non-protein —SH concentrations were practi-
cally identical for control and tumbled rats.
Scalded rats exhibited a moderate increase in
concentration of blood non-protein -SH,
paralleling the hemoconcentration.
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(Introduced by W. A. Hiestand.)

From the Department of Biochemistry, Purdue University, Lafayetie, Ind.

Following the early observation that chloro-
form treatment increased the proteolytic ac-
tivity of serum(1), chloroform was found to
function by reacting with a protease inhibitor,
thus allowing an autocatalytic type activation

* Journal Paper No. 792, Purdue Univ. Agri. Exp.
Station.

t This work was supported by contract between
Purdue University and the Department of the Army.

of the protease(2). The inactive zymogen of
this protease system has been named plas-
minogen (profibrinolysin) and the active en-
zyme, plasmin’ (fibrinolysin). Plasmin func-
tions in the blood coagulation scheme by split-
ting fibrinogen and fibrin to smaller fragments.
Since chloroform, first used to activate plas-
minogen, is foreign to a biological system,
attempts have been made to find biological



