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ABSTRACT

ENDOCRINE INFLUENCE ON THE PLASMIN - PLASMIN
INHIBITOR SYSTEM IN THE BLOOD OF RATS

OBJECT

Earlier ‘studies have indicated that the equilibrium of the plasmin -
plasmin inhibitor system in blood can be shifted under various experi-
mental conditions {1,2,3,4). The present study is concernewa with this
system as influenced by cortiséne, adrenocorticotropin, thyroxine and
thyrotropin and by splenectomy, adrenalectomy, and hypophysectomy.

RESULTS AND CONCLUSIONS

The degree of combination between plasmin and plasmin inhibitor
was found to depend on the incubation time of the reactants.

Dailyinjections of adrenocorticotropinfor 3 days produced ahincrease
in antifibrinolytic activity of the blood as measured after 5 or 30minutes
incubation. Thyrotropin, given for 5 days, produced similar though
less striking results. Cortisone and thyroxine, administefed for 3 and
4 days respectively, produced a slight elevation of the antifibrinolytic
activity which was evident only after 30 minutes incubation. Single
intraperitoneal injections of adrénocoft_icotropin, of adrenal cortical
extract, and of thyroxine were found to produce no significant change in
the plasmin inhibitor titer 15 to 90 minutes after administration.

The antifibrinolytic activity of rat plasma 30 days after removal of
the hypophysis or of the adrenals ‘was found io ‘be gréaily reduced.
Splenectomy did not alter the plasmin inhibito¥ level of plasma. In
splenectomized rats, adrenocorticotrépign administration did not pro-
duce any change inthe antifibrinolytic a‘étiv-i'ty of the blood. Apparently,
the influence of the adrenals on the plasmin inhibitor titer is. mediated
through the: spleen. On the other hand, administ#ation of thryoxine to
the splenectomized rat was found to producé a slight elevation of the

antifibrinolytic titer, suggesting that more than one mechanism is re-

sponsible for the control of the plasmin - plasiin inhibitor ~¢qui1ibrium~.
in blood.
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The results obtained seern to substantiate the concept that the ob-
served increased antifibrinolytic activity is a result of an actueal increase
inthe plasmin inhibitor inthe blood rather than a result of an accelera-

. tion of the rate of combination between plasmin and plasmin. inhibitor.

RECOMMENDA TIONS

The role of the spleeninmaintaining the equilibrium between plasmin
&nd plasmin irhibitor in blood should be studied.
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ENDOCRINE INFLUENCE ON THE PLASMIN - PLASMIN
INHIBITOR SYSTEM IN THE BLOOD OF RATS

I. INTRODUCTION

Earlier studies have indicated that the equilibrium of the plasmin
(fibrinolysin) - plasmin inhibitor (antifib¥inolysin) system in blood can
be shifted under various experimental conditions (1,2, 3,4). The
present study is concerned withthe plasmin - plasmin inhibitor system
as influenced by cortisone, adrenocorticotropin, thyroxine and tiayro-
tropin, and by splenectomy, adrenalectomy, and hypophysectomy.
According to Ungar and his associates (4,5) the action of certain
endocrine principlées on the antifibrinolytic activity of serum appeats
to ‘result in an acceleration of the rate of combination of plasmin and
plasmin inhibitor and not in an actualincrease inthe plasmininhibitor.
However, the findings presented in this report do not seem to sub-
stantiate this concept.

II. EXPERIMENTAL

Male Sprague - Dawley albino rats weighing 220-250 grams were
used. The animals were allowed food and water throughout 'the experi-
ment. Unless noted all injections wereé given suybcutameously. Normal
controls received no injections, while injected controls received a vol-
ume of solveni equal to that used in the hormone injections.

Splenectomy was performed on fasting rats anesthetized by ether.
Animals regained their normal weight within the second or third
post-operative day. The experimental work was car¥ied out 7 days
after splenectomy. Hypophysectomized and adrenalectomized rats
were obtained from the Hormone Assay Laboratories, Inc., Chicago,
Illinois.

The hormones were injected subcutaneously and ‘the following
preparations and dosages were used: '
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Adrenocorticotropin; Armour Acthar; eguiva
dard LA-1-A/kg twice daily for 3-days; controls - eguivalent

volume of 0. 9% saline.

Cortisone, Merck Cortone Acdetate, 5 mg/kg daily for 3 days;
controls - equivalent volurne of 0. 9% salisie.

Thyroxine, Squibb Crystalline Thyroxine, 0.5 mg/kg daily for 4
days; controls - equivalent volume of slightly alkaline 0. 9%
saline.
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Thyrotropin¥, Afrhour Lot 2=D -3, LIW3-16-48 containing 5 Junk-~
) man - Schoeller units per mg, 10 mg/kg daily for 5 days; controls
' - equivalent volume. of slightly alkaline 0. 9% saline.

, Blood sampies; 1.8 ml, were taken by heart puncture 2 hours
. after theé last injection, using 0,2 ml of 3. 8% sodium citrate as the
anticoagulant. Following centrifugation at 28_OQ rpm for 30 minutes |
at. 5 to 10°9C, the plasma was geparated and analyzed immediately or ‘
stored frozen until tested. ' ,

W

" ' The antifibrinolytic /,,ac’izivity of plasma was determined by mea-~
suring the residual acfivity of a standard amount (2 mg¥*) of bovine
plasmin*#¥%, after incubation for 5 and 30 minutes with a 4% concen-
tration of the plasma to be tested, as previously described (1).
Thrombin, salt-free, (Parke -Davis)and fibrinogenprepared according
to Ware, Guest, and ‘Seegers (6) were used. Calculations of antifi-
brinolyti¢ units were performed as previously reported (7).

The plasmin inhibitor preparation used in these studies was
obtained by (NH4) 2S04 fractionation of a product prepared from
bovine plasma acc¢ording to Loomis, Ryder, and George (8). When

‘ tested against standard trypsin, it was found that 60 gamma of this
- preparation were equivalent to 1 antifibrinolytic unit.

III. RESULTS AND DISCUSSION

In Substantiation of earlier observatisns by Christensen and Mac- o
Léeod (9) and by Lewis and Ferguson (10), it was found that the ?
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_ inhibition of plasmin required a higher concentration of plasmin
N inhibitor than is necessary to produce the same percentage of inhibi-
5/1 ' tion with trypsin of equal fibrinolytic potency. In agreement with
e » Christerisen and MacLleod (9), it also was found that the kinetics of
. plasmin and trypsin in the presence .of plasmin inhibitor were quite
f' distinct. The experimental data of these observations have been
Loy omitted since they mmerely substantiate the findings of the above in-
L vestigators.
1 *  This preparation was kindly supplied by the Armour Laboratories,
. Chicago, Illineis. B ) '
3 %% This amount of plasmin dissolved the standard fibrin clot in 125
b - seconds at 37. 5°C,.
; #%% Preparations of bovine plasmin were kindly supplied by Dr. E. C.
%_ Loomis of the Research Laboratories » Parke-Davis and Com- .
{ pany, Detroit, Michigan. -
: .
.
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The rate of combination between plasmin and its inhibitor
was dependent on the time of incubation of the reactants; a 30 minute
incubation produced a greater inhibition than did the 5 minute incuba -
tion, both in the case of rat plasma and a purified preparation of
bovine plasmin inhibitor (Tables I and II). These findings are in
agreementwith similar observations reported by Guest, Daly, Ware,
and Seegers (11). It was found thatthe inhibition of trypsin by normal
rat plasma after 30 minutes incubation was somewhat greater than
after 5 minutes incubation, but thée difference was notas pronounced
as that observed with plasmin.

~ TABLE [
INHIBITION ‘OF BOVINE PLASMIN BY NORMAL RAT PLASMA

L CDT (Seconds)*

. Plasia Coricentfation (%), 5 minute incubation 30 minute incubation °
' 0.0 T 123 ' ’ 128
0.5 129 136
1.0 135 - ' 147

1.3 145 160 ‘
2.0 153 175
2.5 1686 195
3.0 182 216
3.5 203 249
4.0 234 305

4.5 275 355 :

5.0 314 420 :
5.5 382 528
6.0 455 610

TABLE II

INHIBITION OF BOVINE PLASMIN BY. PLASMIN INHIBITOR

! Plasmin Inhibitor ' i N _ CDT (Seconds)*
Gamma ) S minute incubation .  3C minute -incubation
0 i 128 ‘ 128
20 130 138
40 ‘ 131 145
60° 1 134 _ 154
80 ¥ 137 163
100 ‘ 139 166
120 42 ‘177
140 ol 143 193

*Each: ¢lot dissolution time (CDT) is the average of duplicate determinations
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The antifibrinolytic activity of plasma -of normal rats after 5 minutes
incubation was 88 4 8 units and after 30 minutes, 106 +6 units (Table
111). The plasmas ‘of control rats injected either with saline or alkaline
- saline had similar antifibrinolytic activities. The injection of adreno-
corticotropin (2 mg/kg subcutaneously daily in 2 divided injections (4
hrs. apart) fo¥ 3 days) in normal rats produced an increase in the anti-
* fibrinolytic activity of the blood, as fneasured after 5 or 30 minutés
.incubation; 101 + 12 and 119 + 8 units, respectively, (Table III). Thyro-
tropin, given for 5 days;, produced similar though less striking results.
Cortisone and thyroxine, administered for 3 and 4 days, respectively,
produéed a slight elevation of the antifibrinolytic activity which was
¢ evident only after 30 minutes inciibation.

TABLE IIl

EFFECT OF REMQVAL OF ENDQCRINE ORGANS AND OF \’,ARZSOUS.HORNO_NES
ON THE ANTIFIBRINOLYTIC ACTIVITY OF RAT PLASMA

I~n,’¢ ub\'.a t 1 oﬁn Ti-n-e
.5 Minutes: 30 Minutes
No. of CDT  AFU/ml plasm CDT AFU Al plasna
_ Tt”tuét_ Animals | (Secj.) Avgi.i s.D. P* (Sec) 'Aver';:t“_S.D. p*
‘Normal Animals 1 ) ’ ) : ' ‘
No Treatment 13 23¢ | 88+8 | 284 106 £ 6
‘Saline: 10 238 88 +9 295 109+ 8
Alkaline Saline 10 : 234 88 +8 291 |, 108 +9
ACTH 15 ' 274 101 +12 | .05 | 339 " 118+ 8 {-<01
Cor tisone 15 240 | S0 +13 >.1 311 113 +100 | .1
. Thyroxine 15 231 859 > 318 115+ 6 02
. TSH 15 255 - 96 +8 10 81 113 + 8 { .1
J Hypophysectomy 4 ,T 1 202 60**
’ Adrenalectomy 4 ’ 230 76
k
Splenectomy*** ) :
Fsallne Chatrols & 278 |egts 284 107 £ 9 (
. ACTH: 9 254 | 94+ 13 >1 | 298 110+ 8 4>
" Thyroxine 9 242 | 91%8 >.1 327 117+ 7 i .02

CDT = Clot dissolution time
AFU = BAntifibrinolytic units- S

* p = .1 considered significant
** Tested against standdrd. trypsin. after 30 -minutes. incubation only. The normal value = 104
AFU per ml of plauxx

*** Previous studies using standard. trypsin showed. no chunqes in antifibrinolytic titer after
splenectomy.
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Single intraperitoneal injections of adrenocorticotropin ( 1 to 4 mg
per rat), of adrenal cortical extract (2 to 4 ml per rat), or of thyroxine
(1 mg per rat) were found to produce no: gmhcant change in the
plasmin inhibitor titer 15 to 90 minutes after administration.

‘The antifibrinolyti¢ activity of plasma 10 days after removal of
the hypophysis or of the adrenals was found to bé greatly reduced
(Table III). Splenectomy did not alter the plasmin inhibitor level of
plasma (Table III). In splenéctomized rats, adrenocorticotropin ad-
ministration (same procedure as in normal animals) did not produce
any change in the antifibrinolytic activity of the blood, as measured
after 5 or 30 minutes incubdtion (Table III). Apparently, the influence
of the adrenals on the plasmin inhibitor titer is mediated through the
spleen. In this connection it may be pointed out that Macfarlane .and
Biggs (12) have observed that among all the organs, extracts of the
spleen had the highest antifibrinolyti¢ activity.

On the other hand, administration of thyroxiné (same procedure
as in hormal animals) to the splenectomized rat was found te produce
a slight elevation of the antifibrinolytic titer afte¥ 30 minutes incuba -
tion (Table I111), Apparently, inore than one mechanism is responsz.ue
for the control of the plasmin inhibitor level in blood.

In géneral, these findings are in agreement with Ungar's (4, 5)

-observations of anincreased antifibr‘j,nolyi:ijé activity after administra -

tion of .adrénocorticotropin to nofmal animals and of no alteration in
the plasmin inhibitor titer when administered to ‘splenectomized
animals. However; the results presented do not seem to substantiate
the concept suggested by Ungar (4, 5) that adrenocorticotropin effects
the antifibrinolytic activity of plasma by accelerating the rate of
combination between plasmin and :plavsmih inhibitor, rathet than by
increasing the plasmin inhibitor. Instead, the recorded data ténd to
show that the ‘oBserVQd increased antifibrinolytic activity is a result
of an actual rise of the plasmin inhibitor in the blood. However, it
'should be pointed out that the observed increase in antifibrinolytic
activity may also be due to a decrease in fibrinolytic activity. The
test émployed did not tike into account a decrease or increase in
f1brmolyt1c act1v1ty, which is always marked by the excsss of anti=
plasmiin 6ver plasinin (or plasmmogen) in normal blood.

IV, 'SﬁUMMﬁRY

The degree of combination between plasmin and plasmin inhibitor
-was found to depend on the incubation time of the réactants.
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Administration of adrenocorticotropin produced a definite increase
inantifibrinolytic activity of blood. The injection of cortisone, thyroxine,
or thyrotropin caused a slight elevation of the plasmin inhibitor in
blood. :

The antifibrinolytic activity of plasma of fats, 30days after removal

.of the hypophysis or of the adrenals, was found to be greatly reduced.

Splenectomy did not alter the plasmin inhibitor level of plasma. In
splenectomized rats, adrenocorticotropin administration did not pro~-
duce any change in the antifibrinolytic activity of the blood. On the
other hand, administration of thyroxine to splenectomized rats was
found to produce a slight elévation of the antifibrinolytic titer.

V. RECOMMENDATIONS

The role of the spleeninmaintaining the -équilibrium between plasmin
and plasmin inhibitor in blood should be studied.
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in this report is concerned with the plasmin-plasmin inhibitor system as influenced
by cortisone, adrenocorticotropin, thyroxine and thyrotropin, and by splenectomy,
adrenalectomy, and hypophysectomy. According to Unger and his associates the
action of certain endocrine principles on the antifibrinolytic activity of serum
appears to result in an acceleration of the rate of combination of plasmin and
‘plasmin inhibitor and not in an actual increase in the plasmin inhibitor. However, -
* the findings given in this report do not seem to substantiate this concept.
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