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ABSTRACT

EFFECT OF COLD AND OF CHYMOTR YPSIN ADMINISTRATION
ON THE ANTIFIBRINOLYTIC ACTIVITY OF BLOOD

OBJIECT

To continue previous investigations (1,2)on the equilibrium between
fibrinolysis .and antifibrinolysis in blood during conditions of stress;

‘the antifibrinolytic "activity in the blood of rats and of humat subjeéts

was measured after exposure to cold. The effect of chiymotrypsin
administration on the antifibrinolytic activity in the blood of rats and of
rabbits was also studied.

RESULTS AND -CONCLUSIONS

In rats, exposed to a temperature of +4°C for 18 days, it was found
that the antifibrinolycic activity was increased by 20 per cent. It was
ocbserved that exposure of rats to +4°C for 18 days caused a fall in the
plasma f1br1nogen concentration of aboit 23 per cent.

In man, the normal antifibrinolytic titer was found to be 121 units

per ml of plasma.. In 93 determinations in men eitheér exposed to or
- injured (frostbite) by cold the average antifibrinolytic titer was found to

be 151 units. This was 25 per cent higher than the average control.

- Administration of chymotrypsinto either rats or to rabbits produced
a.lowering of the antifibrinolytic titer, the degree and length of effect
being dependent on the quantity of chymotrypsin administered.

‘The possible significance of these and eariier observations (1,2) on
the fibrinolysis-antifibrinolysis. system in blood is discussed.
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RECOMMENDATIONS

Correlation between the fibrinolysis <antifibrinolysis levelinblood and
the tendency for thrombosis or hemorrhage shoild be established.
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EFFECT OF COLD AND OF CHYMOTRYPSIN ADMINISTRATION
ON THE ANTIFIBRINOLYTIC ACTIVITY OF BLOOD

I. INTRODUCTION

Con‘ti‘nuing previous investigations on the ‘equi'i'i‘brium between

fibri’nql’ysié and antifibrinolysis in blood during certain conditions of

stress (1,2), the antifibrinolytic activity in the blood of rats and of
human subjects was measiired after exposure to cold. "Antifibrinolytic
activity" as used hére is the resultant of the amounts of “fibrinolytic"
enzyme and inhibitor present.

"Because of the possible lvalue in dissolving an intravascular clot,
the effect of chymotrypsin administration on the ant1f1br1nolyt1c activity
of blood was studied in rats and rabbits.

II. EXPERIMENTAL

A, GCold exposu e and ant1f1br1nolyt1c act1v1ty

Sprague,a-Dawiey male albinp rats averaging 200 grams were
housed in a constant temperature room at +4°C for 18 days. A control
group was kept at +22°C. Purina Laboratofy Chow was fed to both
groups: The 'cold" animals gained an average of 20 grams and the
control group; an average of 75 grams

Blood (1.8 ml) was withdrawn by <ardiac puncture into 9.2 ml
of 3. 8% sodiurn citrate. The sample was centrifuged at 2800 #pm for
30 minutes at #¥5°C. The supernatanit plasma was removed, frozen
immediately at -30°C and stored at this temperature. Antifibrinolytic
activity determinations were done within two days after the w1thdrawa1
of the blood.

An oppoftunity tz study the effect of cold exposure on the anti-
fibrinolytic titer inman was afforded during Arimy fcaneuvers at "Exer -

cise Snowfall", Camp Drim, New York, -during January and February,

1952, All of the meninthe exercige nad bheen intermittantly pxnospd to

¥ DL 188354 Lot e

wintry conditions at temperatures fanging from 45°C to -29°C for one to
three months. During the final phase of the maneuvers the exposure (as
low as -25°C) was continuous for three to eight days.

i
\

All patients with ¢old injury were studiéd by a research team
assigned to ‘Camp Drum. Plasma samples from patients and controls
were obtained and flown in the frozen state to Fort Knox.
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The en were classified into 4 groups: 1) controls, including
men prior to cold exposure (43 total); 2) normal men 3 days after
continuous cold exposure {6 total); 3) minor cold injury cases including
thosé with -either 15t degree frostbite or ill-classified cold condition of
the feet (13 total); 4) patients with frostbite (7 had 4th degree injury,
2 had 3rd degree injury, and 65, 2nd degree injury):

B. ‘Chy;m_otrypsin and 'antiiibrinplytic activity.

Crystalhne salt-free chymotrypsin (Armour) was dissolved in
Krebs! buffer (pH 7. 4) and immediately administered intracardially to
Sprague-Dawley male albino rats (average weight, 250 grams) and to
New Zealand rale albino rabbits (average weight, 2400 grams) Doses
(0.5 to 1.0 ml) ranging from 8 to 40 mgm/kgm body weight weré ad=
ministered to rats: and doses of 3 to 15 mgm/kgm body weight were
administered to rabbits. ‘

Blood samples were obtained by cardiac puncture at intervals
of 10 minutes to 48 hours following chymotrypsin adininistration.

C. Determination of antifibrinolytic activity,

The antifibrinolyti¢ activity was obtained by detérmining the
residual fibrinolytic activity of ,2 standard amount of trypsin after in-
cubation with appropriately d11uted unknown: plasma.samples, asprevious-
ly déscribed (2)., Crystalline trypsin was used instead of plasmin for
reasons of purity and reproducibility. '

One antifibrinolytic unitis defined as that amount of antifibrino-

lysin'which willneutralize one fibrinolytic (trypsin)unit after 30 minutes

incubation at +25°C and pH 7. 25.

D. TFibrinogen determination.

The fibrinogen concentration in plasma was determined according
to the method of Ratnoff and Menzie (3),

I, -ES LTS .

Exposure of rats to +4°C for 18 days produced an increase of about

20% in the antifibrinolyti¢ activity of the blood (Table I). The finding
that exposure to cold causes a fall in the plasma fibrinogen concentration
(Table I) agrees with similar observations of Henriques, Henriques and
Selye (4).
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The average antifibrinolytic titer i normal human subjects was
122 units per ml of plasma (Table II). Of 93 determinations in men
either exposed to or injured (frostbite) by cold, the average antifi - i
brinolytic level was 151 units. This represents anincrease of approxi- j
%
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mately 25% above normal. No diiference of statistical significance
was noted betweenthé injured and uninjired group after .cold exposure.

Administration of chymotrypsin to rats (Table III) and to rabbits
(Table 1IV) produced a lowering of the antifibrinolytic.titer. This was
achieved with 8 to 40 mgm /kgm in the rat and 15 mgin/kgm in the
‘the rabbit., At inte¥vals of'24.and 48houré after administration of the :
. enzyme the antifibrinolytic titer was found to be above normal, The o
40 mgm/kgm dose in rats caused a mortality of 13%. Those which ~ |
gurvived this dose exhibited pallor and mild flaccidity,

IV. DISCUSSION al

The observation of an elevated antifibrinolytic titer in blood after
exposure to cold possibly may be correlated with the development of
intravascular occlusion dobserved in frostbite (5). Guest, Daly, Ware : P
and Seegers have reported an increased antifibrinolytic activity n "
certain clinical cases in somie of which the possibility of thrombosis
existed (6).
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The fibrinolysis - antifibrinolysis system is generally considered
not to be strictly a part of the blood clotting process, However, one
may consider blood clotting (fibrin formation) as a dynamic process
which is continuously taking place at a restricted but-definite rate.
The observed comparatively rapid turrniover of prothrombin, fibrinogen,
and platelets substantiates such an assumption. Fibrinolysis may be
the natural physiological means whereby this contihucus fibrin for-
mation is limited. In other words, there may exist a dynamic equi-.
librium between fibrin formation and fibrinolysis whmh maintains
the fluidity of the bloed.

N It has been suggested that the normal integrity of the vascular
81 . , wall may be dependent upon a normal process of fibrinformation (7, 8).

¢ It maybe possible that whenever this process is acceleratzd (deereasé‘dj
f1br1nolyt1c activity -increased antifibrinolytic activity}, intravascular
clotting may occur, while in conditions when clotformationis retarded
(ihcreased fibrinolytic activity - decreased antifibrinolytic activity),
abnormalb'leedin'gi'nayoccur The presentobservations thatincreased
antifibrinolytic activit; may be associated with intravascular clotting
and the previous findings (1, 2) that decreased antifibrinolytic activity
may be associated v&i‘ith hemorrhage séem to agree with the above
concept.
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The fmdmg that chymotrypsin produces a lowering of the antifi-
brinolytic activity indicates its possible efficacy in the dissolution of
" an intrava’scular clot.

V. SUMMARY

Expésure of ratss and of human subjects to cold produced an
elevation of the antifibrinolytic titer in the blood. Administration of
chyiriotrypsinto rats and rabbits caused a dgcrease in the antifibrino-
lytic activity of blood, The possible significance of these and earlier

observations on the fibrinolysis - antifibrinolysis system in blood is

discussed.

Vi, RECOMMENDATIONS

Correlation between the fibrinolysis - antifibrinolysis level in
blood and the tendency for thrombosis or hemorrhage should be
established.
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TABLE III

ANTIFIBRINOL_.YTIC ACTIVITY OF RAT PLASMA AFTER i
INTRACARDIAC ADMINISTRATION OF CHYMOTRYPSIN

_ Chymbtrypsin | Time After | No. of |  Antifibrinolytic
{mgm/kgm | Chymotrypsin | Animals | Activity; Units / w
body weight) | Injection ’ | w1 of Plasma (aver.)

None : : ~' X :
- (Control) | e - 65 — 104

8 | 10 min. 3 78 ‘
12. 1 10 min. & 71 | "
16 ~ 10min. | 3 | 60- _-

24 | 10 min. 3 1 64
40 ~ 10min. | 3 | 51
40 : $0min. | 3 40

40 45

1N
o
"
<]
w

40 | 5 hrs. 3 ( 70 \
40 24hrs. | 3 ‘ 121

40 ] 48 hrs. 2 132

—— o e e e e e S e,
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measured after exposure to cold. The effect of chymotrypsin administration on the !
antifibrinolytic activity in the blood of rats and of rabbits was also studied. In rats
exposed to a temperature of +4°C for 18 days, it was found that the antifibrinolytic
activity was increased by 20%. In man the normal antifibrinolytic titer was found
to be 121 units per ml of plasma, Administration of chymotrypsin to either rats or
to rabbits produced a lowering of the antifibrinolytic titer, the degree and length of
effect being dependent on the quantity of chymtorypsin administered.
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