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uDC 612.115.1
s THE ROLE OF ACTH AND GLUCOOORTICOIDS 1IN
i NONENZYMATTC FIBRINOLYSIS DURING IMMOBILIZATION
STRESS IN ANIMALS

By B. A. Kudryashov} F. B. Shapiro*E. G. Lomovskaya and L. A. Lyapina*

In the adaptive humoral reactions to stress effects,one of the central /135%*
places is undoubtedly occupied by processes directed both towards natural pre-
vention of possible blood loss, and towards preservation of the fluid state of
circulating blood, guarding the organism from possible thrambogenesis. It is
known that these physiological processes that prevent thrambogenesis are associ-
ated primarily with the function of a very labile and reactive anticoagulative
system. The studies conducted in this field have demonstrated that during exci-
tation of the anticoagulative system in the blood camplex campoundsof heparin
develop with blood proteins and certain hormones, that possess anticoagulative
properties and the capacity to lyse unstable clusters of fibrin, i.e., to imple-
ment nonenzymatic fibrinolysis [4-6].

An important role in the activation of the function of the anticoagulative
system during stress is played by the altered hormonal status of the organism that
is due to intensified secretion of adrenaline, ACTH and glucocorticoids. Adrena-

*Chair of Animal Physiology,Moscow State Universitv (B. A. Kudryashov, Head).
**Numbers in margin indicate pagination in original foreign text.



line, on the one hand, and ACTH-glucocorticoids, on the other hand, have a stima-
lating effect on the nonenzymatic fibrinolysis, intensifying the process of forma-

tion of camplex heparin campounds. Any experimental effect during which the dis-
charge of ACTH and glucocorticoids cannot be implemented campletely under stress
corditions or the action of adrenaline be realized (blockade of .ACI‘H secretion,
adrenalectamy, blockade of o-adrencreception), naturally results in inhibition of /736
the nonenzymatic fibrinolysis, or in other words,n a decrease in the functional acti-
vity of the anticoagulative sy’stem (13, 14]. BHere one should bear in mind, that

the stimilating effect of ACTH-glucocorticoids and adrenaline on the process of

carplex heparin campound formation has an independent nature and is not summed wp.

Thus, in the organism there exist two parallel paths for guarantee of inten-
sified nonenzymatic fibrinolysis during stress effects on the prganism.

The stimulating effect of adrenaline on the process of formation of heparin
camplexes is mediated through developing thrarbinogenesis [3, 15, 24], that
naturally stimulates the anticoagulative system and thereby even activation of :
the nonenzymatic fibrinolysis. Here the thrawbogenic effect of adrenaline is imple-

mented through the autonomic nervous system and &-adrenergic reception (8, 2],

It is still difficult to say anything definite about the mechanism of action
of ACTH~glucocorticoids. The possibility is not excluded that here stimulation
of blood coagulation and subsequent activation of the function of the anticoagu-
lative system also occur. But it is quite possible that same other mechanisms
lie at the basis of the stimulating effect of the ACTH-glucocorticoids. In this
respect the question is important of whether ACTH-glucocorticoids induce intensi-
fication of the nonenzymatic fibrinolysis, by stimulating the discharge of heparin,
since it is known that during activation of the anticoagulative system intensifi-
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cation of formation of camplex heparin campounds is preceded by discharge of
heparin and activators of plasminogen into the blood. In order to answer this
question, we decided tc clarify whether discharge of heparin occurs under the
influence of ACTH-glucocorticoids during a stress effect, and whether the non-
enzymatic fibrinolysis is correspondingly intensified, if heparin is preliminarily
bonded by the administration of protamine sulfate in animals in vivo.

TECHNIQUE

Work was conducted on mongrel male rats weighing 170-200 g. The stress state
was induced by 30-minute immobilization (tying to a table). Blood was taken fram
the v. jugularis with sodium citrate in a ratio of 9:1. The total fibrinolytic
activity of the blood was determined according to the method of Astrup and Mullertz
[21], the nonenzymatic fibrinolysis implemented by the camplex heparin compounds—
according to the method of B. A. Kudryashov and L. A. Lyapina with epsilon-amino-
caproic acid (EACA) that inhibits the effect of plasmin [7]. Protamine sulfate
(fixm SPCFA) in a physiological solution (0.01%) in different doses was adminis-
tered intravenously; five units of ACTH (S. M. Kirov Meat Jombine) and 1 and 2
mg/100 g of hydrocortisone (firm Gedeon Rikhter) in a physiological solution intra-
abdaminally within 15 minutes after administration of protamine sulfate, when a
complex protamine sulfate-heparin had already been formed. The volume of the admin-
istered substances was 1 ml; in all cases an equal volume of physiological solu-
tion was administered intravenously or intra—-abdominally for the control. In a
determination of the fibrinolytic activity on the unstabilized nlatelets of fibrin
by factor 13, prepared according to the method of B. A. Kudryashov, L. A. Lyapina,
and I. P. Baskova [12], 0.05 ml of plasma with a physiological solution or EACA
were applied, and incubated for 2 hours at 37°. The magnitude of the fibrinolytic



activity was judged according to the size of the lysis zone on the fibrin plate-
lets perlmz.

RESULTS OF STUDY AND THEIR DISCUSSION

To answer the question of whether release of heparin occurs under the influ-
ence of ACTH-glucocorticoids it was decided, as already indicated above to bond
heparin with the help of protamine sulfate that forms with it,as is known, a
stable complex inactive in a lytic sense, and thereby under stress conditions
to block the possible formation of other camplex heparin campounds that possess
fibrinolytic activityd.e.,to block nonenzymatic fibrinolysis. Camplete blockade
of the lytic activity of the camplex heparin compounds with the help of protamine
sulfate in vitro is a known fact [10]. In that case, if after bonding of heparin
by protamine sulfate in vivo nonenzymatic fibrinolysis again would begin to be /137
implemented under the influence of ACTH-glucocorticoids, there would be all
grounds to consider that they induced additional release of heparin.

First of all it was necessary to detemmine the threshold dose of protamine
sulfate, for with the administration of a surplus of protamine sulfate, evidently,
the newly released heparin would also be bonded. Table 1 presents results of the
determination of the nonenzymatic fibrinolytic activity in rats who received an
intravenous dose of a varying quantity of protamine sulfate and were exposeu to
immobilization stress.

As one can see fram these data, the threshold dose of protamine sulfate for
bonding heparin in vivo under our experimental conditions is 0.2 ml of a 0.01%
solution. With the administration of this quantity of protamine sulfate the non-
enzymatic fibrinolytic activity during stress is practically not manifest (group 5);
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its absolute amount is only 2.0 mw?, while the percentage in the total fibrino-
lytic activity of blood is 4.3%. Moreover, in the control animals who received a
physiological solution these amounts respectively squalled 37.1 mm? and 46.7%
(group 1). The administration of 0.1 ml of protamine sulfate was insufficient for
bonding heparin, and nonenzymatic fibrinolysis during stress remains the same as
in the control animals (group 6). The administration of 0.3-0.5 ml of protamine
sulfate cawpletely blocks nonenzymatic fibrinolysis, but evidently if theee doses
are used we will a fortiori introduce a surplus of protamune sulfate, on whose
background the new release of heparin will be difficult to catch.

TABLE 1. NONENZYMATIC FIBRINOLYTIC ACTIVITY DURING IMMOBILIZATION STRESS AFTER
ADMINISTRATION CF PROTAMINE SULFATE

No. of } Zone of m &wmﬂwhh 777777 7
Group of Animals Animals |Iysis (mm2) Lysis +EACK| B x 100
Y m) B) | A

Pliysiological solution 24 77.5+4.3 374419 | 467020
0.5 ml of protamine sulfate ! 38.1% 5.3 0 0
odm ClEmr |
0.3ml " 9 43.9% 2.6 2.0+1.0 435005
0.2 ml " 7 75.34 3.1 J9.3+4.4 5144 2.0
0.lml "

I

Table 2 presents data on the magnitude of nonenzymatic fibrinolytic acti-
vity in animals who received ACTH after heparin was bonded in them by the adminis-
tration of a different quantity of protamine sulfate.

TABLE 2. NONENZYMATIC FIBRINOLYTIC ACTIVITY DURING IMMOBILIZATION STRESS AFTER
— — . ADMINISTRATION CF PROTAMINE SULFATE AND ACTH

2one of _  Zone of |
!No.of Lysis(mnz)Lysis+2 B x 100

Group of Animals i Animais . (A) .EN(m) (mm<) A
B
ACTH 3% 136.7+4.2 | 80.3+2.3 | 60.0+0.4
protamine +ACTH i . ) 0
0.4 ml sulfate M IR R IS P
0.3ml 2 77.7+3.7 ) 46.0F4.0 | dRo 28
0.2ml .
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As we see, the adninistration of ACTH after a threstold dose of protamine
sulfate (0.2 ml) resulted in the fact that formation of camplex heparin compounds
began again, and nonenzymatic fibrinolysis again reaches the level characteristic
for cambined immobilization stress and ACTH (groups 1 and 4), when the percentage /738
of nonenzymatic fibrinolytic activity in the total fibrinolytic activity of the
blood is ~608. ACTH administration on a background of large doses of protamine
sulfate (0.3-0.4 ml) yielded, as should be expected, an effect that is inversely
proportional to the surplus protamine sulfate introduced into the organism (groups
2 and 3), that again bond the released heparin. Thus, there are all the grounds to
believe that ACTH stimulates heparin release and at the same time creates the possi-
bility for a significant intensification in nonenzymatic fibrinolysis.

Naturally the question arises of whether this effect of ACTH is mediated
through glucocorticoids; if it is mediated through activation of the adrenal cortex,
then the release of heparin evidently can also be induced by the administration
of a glucocorticoid harmone. To explain this, after bonding heparin with protamine
sulfate we administered to the rats under irmobilization stress not ACTH, but that quan-
tity of hydrocortisone (1 mg/100 g) that, as we previously established (11], norma-
lizes the formation of complex heparin compounds in adrenalectamized rats in a
stress state. The findings are presented in Table 3 and Figure 1. It was found
that administration of 1 mg/100 g of hydrocortisone in a background of protamine
sulfate did not result in a new release of heparin, and nonenzymatic fibrinolytic
activity practically remained on the same level as with administration of only
protamine sulfate (groups 1 and 2). The pattern was not altered by the adminis-
tration of a double quantity of hydrocortisone (2 mg/100 g); no release of heparin /739
followed and nonenzymatic fibrinolytic activity was not increased (group 3). The



No. of Zone of Zone of
Animals Lysis (wn?) |Lymis + B x 100
Group of Animals ) (mm2) (B) ~ A
0.2 ml protamine sulfate . 05
0.2 nl protanine sulfats + 1 mg/ s | eaiid? | ALY | @sker
g
°°§o’319m sulfate + 2 mg/ 9 §2.543.0 27418 5.5+4.0
hydrocortisone

absence of an additional release & heparin under the influence of hydrocortisone
is indicated by the fact that its administration in contrast to the administration
of ACTH does not result,under conditions of stress effect,in a further increase in
nonenzymatic fibrinolysis even in animals that received protamine sulfate. If, as
is apparent from the data of Table 4 (groups 1 and 2) and Figure 1, the adminis-
tration of ACTH increases,during immobilization,the absolute amount of nonenzy-
matic fibrinolytic activity 2.5-fold (fram 32.9 to 80.3 mm2), and its percentage
in the total fibrinolytic activity of blood 1.5~fold (from 40 to 60%), then the
administration of hydrocortisane (1 and 2 mg/100 g) does not yield an effect, and
nonenzymatic fibrinolytic activity remains the same as in the animals exposed only
to immobilization (groups 3 and 4).

w %

& R 140
0 {2
60 — - {80
50 5
‘0 r 2 0
Jor ] 32
a0t i i’
"’ | dln J°

1 2 . 3 § 7 8

Figure 1. Nonenzymatic Fibrinolytic Activity in Intact Rats During Immcbilization
Stress After Administration of Protamine Sulfate, ACTH and Hydrocortisone
[Key on next page)
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%. Physiclogical solution S. 0.2 ml protamine sulfate + 1 mg/100 g
. ACH hydrocortisone
3. 0.2 ml protamine sulfate 6. Same + 2 mg/100 g hydrocortiscne

4. 0.2 m]l protamine sulfate +ACTH 7. 1 mg/100 g hydroocortisons
8. 2 mg/100 g hydrocortisone

TABLE 4. NONENZYMATIC FIBRINOLYTIC ACTIVITY DURING IMMOBILIZATION STRESS AFTER
ADMINISTRATION OF ACTH AND HYDROOORTISONE

No. of Zone of 2one of
Group of Animals Animals | Lysis (mn?)| Lysis (mu2)| B x 100
(A) +EACA (B) A
Physiological solution 2 76.0+6.2 32.944.0 | 40.8+4.0
acni oW || R | s
Hydrocortisone 1 mg/100 g b 830435 | 30422 | 34t

Hydrocortisone 2 mg/100 g

Since hydrocortisone did not induce release of heparin, it should be consid-
ered that the stimulating effect of ACTH on this release is not mediatad through
activation of corticosteroid secretion.

what then is the role of corticosteroids? It is known that ACTH in the ab-
sence of glucocorticoids does not increase nonenzymatic fibrinolytic activity in
adrenalectimized rats in a stress situation, while hydrocortiscne normalizes in
them the reaction of the anticoagulative system to the strees effect, and increases
the nonenzymatic fibrinolysis to a level characteristic for intact animals [11].

Evidently here the permissive cffect of glucocarticoids is displayed, which
as is known, is also expressad in the fact that a certain owcentration of gluco-
corticoids in the organism is necessary for implementation of a number of physio-
logical and biochemical reactions. This is indicated by the results of the exper-
iments we conducted with bonding heparin by protamine sulfate in adrenalectimized
rats within 48 h after removal of the adrenal glands, when an acut> deficit of



corticostercid hormones ooccurs in them [20]. Correspording data are presented /740
in Table 5 and Figure 2.
TABLE 5. NONENZYMATIC FIBRINCLYTIC ACTIVITY DURING IMMOBILIZATION STRESS IN ADRENA-

LECTAMIZED ANIMALS AFTER ADMINISTRATION OF PROTAMIME SULFATE, ACTH AND
HYDROCORTISONE ‘

No. of Zona of Zone of

Growp of Animals . Animals om2)Lysis B x 100
(A) (mm2) (B) A

Physiclogical solution ' ..
0.2 ml protamine sulfate NI R A RS
0.2 ml protamine sulfate +ACTH 1" 3354200 56813 | 160436
0.2 ml tami 1fate + 1 W | 13 43,9423 46410 19.1414.3

100 g hydrocortisone N Ma. 23 12,2405 2344025
0.2 ml protamine sulfate +ACTH

+ 1 my/100 g hydrocortiscne

-: Q

Y o

0 ”

2 ” H -7

i rﬂrﬂ v
r - 4 e 5

Figure 2. '¥nenzymatic Fibrinolyt Activity in Adrenalectimized Rats During
immobilization Stress Ai.or Administration of Protamine Sulfate, ACTH
and Hydrocortisone

Key:

1. Physiological solution 4. 0.2 ml protamine sulfate + 1 mg/100 g

2. 0.2 ml protamine sulfate hydrocortisone
3. 0.2 ml protamine sulfate +ACTH 5. 0.2 ml protamine sulfate + ACTH + 1 ml/

100 g hydrocortisone
Ramaining designations the same as in Figure 1.

As one can see fram the data given in Table 5, protamine sulfate bonded heparin
in the adrenalectimized animals and ocampletely blocked nonenzymatic fibrinolysis
(group 2). The administration of ACTH on a background of protamine sulfate (group 3),



having induced a conditional release of heparin, stimulated nonenzymatic fibrin-

olysis, but it did not reach the level characteristic for adrenalectimized animals
eposed to immobilization stress (group 1); it was 40V lower. An even lower effect
was yielded by the administration of glucocortisone on the background of protamine
sulfate (group 4): in this case thenonenzymatic fibrinolytic activity was 2.5-fold
lower than in the adrenalectimized animals that did not receive protamine sulfats,
anc its percentage in the total fibrinolytic activity of the blood was only 10.1%,
i.e., was the same as in the intact rats who received hydrocortiscne after bonding
of heparin by protamine sulfate (campare Table 3 groups 2 and 3). We see a con

Pletely different picture in the adrenalectim’zed aninals who received after prota-
mine sulfate,ACTH and hydrocortisone (group 5): in them the nonenzymatic fibrino-
lytic activity,both according to the absolute amount and the percentage in the

total fibrinolytic activity of the blood,again reached that level that is character-
istic for adrenalectimized animals exposed to the stress effect without bonding of

heparin by protamine sulfate.

Thus, ve see that for farmation of camplex heparin compounds that implament
nonenzymatic fibrinolysis, a mmall role is played by the presence of a sufficient
titer of heparin in the blood, which evidertly is quaranteed in a stress situation,
in particular by ACTH. A certain (physiological) concentration of glucocorticoid
is also necessary, without whose permissive activity this camplex-formation cannot
be successfully realized.

In light of the permissive effect of glucocorticoids it becomes understandable
how the presence of a high level of heprrin in the blood is cavwined with reduced
process of conplex heparin compound formation in adrenalectimized rats in certain periods
after removal of the adrenal glands. The high heparin content in blood after

10



adrenalectamy is a known fact [16, 19, 27]. One can justifiably hypothesize that
this high hsparin content to a certain measure is dstermined by the ACTH secretion
increasing after remwvml of the adrenal glands (22, 25, 26]. Nonenzymatic fibrinolysis
in the adrenalectomized animals is retarded because for its implemsntation, as we
have seen, the presence of glucocorticoids is necossary.

In conclusion cne should stats that the litarature on tha effect of ACTH on
heparin content in the blood is fairly contradictory. One can name a mmber of
experimental and clinical works that speak of an increase in the heparin titer with
administration, especially multiple, of ACTH (1, 17, 18, 23]. On the other hand,
there are known works that indicate the decrease in heparin content under the influ-
ence of ACIH [2]. It is possible that the reason for these disagreements is hidden
to a certain measure in the fact that ACTL, stimulating the release of heparin, also
intensifies the formation of its camplex campounds, and consequently, in each case, /740
it is evidently necessary to take into consideration the inverse relationship
between the heparin level in the blood and the intensity of formation of its camplex
campounds .
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